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Abstract 

This PhD thesis consists of n ine chapters describ ing aspects of the subsistence 

farms of western Nepal i n  general ,  and a need-based evaluation of 

mu ltipurpose fodder trees (M FT) as a source of dry-season forage for rumina nts 

i n  part icular, as a basis for m itigating the current h igh rate of land degradation 

and loss of productivity in l ivestock product ion systems in the reg ion . 

Understand ing the complex farming systems that provide a l iv ing for 65% of the 

27 . 1  m i l l ion people in Nepal is the key to design ing e ffective programmes of 

research and development. Evaluation methods i nclude review of past work, 

farmers group workshops to identify current practice in the use of MFT in Nepal , 

stud ies on b iomass production of Artocarpus lakoocha and Ficus g/aberrima 

trees older than 50 years i n  Nepal and the propagation of F. benjamina, 

comparison of the feed ing preferences of sheep for alternative browse speci es, 

and study of the nutritive value of alternative forage d iets for lactating buffalo.  

Reviews showed 2.2 mi l l ion cattle and 1 mi l l ion buffalo are an  extra burden to 

steep land where productivity is decl i n ing at the rate of 1 .25% per year. 

I nd igenous knowledge identified Ficus glaberrima with its three varieties 

(Maghe ,  Cha ite and Jethe), A. lakoocha, F. benjamina and Bassia butyracea as 

the best four  MFT for renovat ing degraded lands.  A survey study showed 

significantly h igher dry matter (OM) production by F. glaberrima than A. 

lakoocha ( 1 54 vs 9 1  kg OM /tree/year) during dry periods at low altitude (800 -

1 000m) .  There was no sign ificant d ifference i n  production of fat - corrected mi lk  

(FCM ) between buffalos eating A.  lakoocha, F.glaberrima or a d iet of 53% 

straw and 47% F. glaberrima (OM basis) . Metabol isable energy balance (MJ 

M E/day) was greater i n  Artocarpus than Ficus, with the mixed d iet intermed iate 

(+ 1 .60 ,  -0 .34 and - 1 2 .94 MJ ME/buffalo/day respectively, relative to 

requ i rements, P=O.031 8) .  When fed together in a n  i ndoor tria l ,  poplar (48% = 

1 06 g O M/sheep/day) and wi l low (43% = 95 g OM/sheep/day) were preferred to 

Ficus benjamina (8% = 1 8  g OM/sheep/day) by sheep, reflecting the greater 

maturity and structural strength of leaves of Ficus. 

These results are used to develop recommendations for choice of MFT species 

and management strategies to i mprove the sustainabi l ity and productivity of 

l ivestock systems incorporating fodder trees. 

Keywords :  Artocarpus lakoocha, Ficus glaberrima, Ficus benjamina, rice straw, 

buffalo,  sheep, metabol isable energy, mult ipurpose fodder trees .  
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CHAPTER 1 

General Introduction 

The farming ecosystems of  Nepal constitute 35% mountains (altitude range 

3000 to 8848 m), 42% h i l ls (600 to 3000m) and 32% pla ins (60 to 600m) (CBS, 

2002; M OAC, 2006) ,  and are subject to a strong monsoonal i nfluence with a 

n ine - month d ry season from late September to early June (Guru ng, 2005). 

These cond itions result i n  high rates of erosion (Dhakal, et al. , 200 1 ; Jha, 2002; 

Wickramagamage, 1 990) .  Land productivity is reported to be decl in ing at 1 .25% 

per year (RCUP, 1 979), and vegetation d iversity is pred icted to decl i ne by 43% 

by the end of 2 1 st century (Sodh i ,  et al. , 2004). 

The expansion of crop farming onto marg inal and sloping land (Mehta, et al. , 

2003; Rajbhandary & Shah,  1 981 ) has resulted i n  widespread land degradation 

(Wu, et al. , 200 1 ) , decl i n ing soi l  ferti l ity and increasing erosion (Kironchi & 

Mbuvi, 1 996; Srivastva, et al. , 2003) which together threaten the sustainabi l ity 

of small farming systems (Sodhi et al. , 2004). I n  l ivestock areas, stocking rates 

may be 3- 1 3  ti mes greater than carrying capacity (Kshatri, 2000;  Rajbhandary & 

Shah,  1 98 1 ) . Agroforestry , i nvolving the i ntegration of mult ipurpose fodder trees 

i nto crop and l ivestock systems, has the potential to m it igate these problems by 

improving soil ferti l ity, l im it ing erosion (Neupane & Thapa, 2001 ), providing dry­

season fodder supplements, a nd meeting small-wood requ i rements for 

construction and fuel  (Kshatri , 200 1 ;  Kshatri , 2003). 

Multi-purpose fodder trees (MFT) a re widely used for l ivestock feed i ng in Nepal 

(Subba, 200 1 )  and elsewhere (Delate, et al. , 2005; Pande, 1 997; Topps, 1 992) ,  

but  there is l im ited information on the i r  productivity and on their nutritive value 

for rum inant an imals (Kshatri & Gurung ,  1 999). Also, although buffalo (Bubalus 

bubalis) are econom ical ly  important an imals in Nepal (Shrestha, 2003), being 

responsible for 70% and 65% of total mi lk and meat production, respectively 

(MOAC, 2006) ,  information on the value of browse species i n  systems of buffalo 

production is l imited (Kshatri , 2003). 



Chapter 1 General Introduction 

A comprehensive study of the factors i nfluencing the productivity of MFT i n  

Nepal is beyond  the scope of this thesis . Rather, the approach used i s  to bring 

together new i nformation on :  

a) Current use and management of alternative species of fodder tree from a 

farmers workshop study i n  Nepal (Chapter 3) ,  

b)  Fodder tree establ ishment and biomass production potentia l  from a series 

of field stud ies on Ficus species in Nepal and New Zealand (Chapters 4, 7 

and 8) ,  and 

c) Nutritive val ue for lactating buffalo in Nepal (Chapter 6 )  and feed ing 

preference for sheep i n  New Zealand of alternative fodder tree species 

(Chapters 5) .  

Th is  i nformation is then i ntegrated i nto a set of recommendations for improving 

the susta inabi l ity and productivity of M FT systems (Chapter 9) .  

2 
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CHAPTER 2 

Literatu re Review 

2. 1 Introduction 

The objective i n  th is review is to explore worldwide avai lable data on the use of 

mult ipurpose evergreen tree fodder relevant to the mountain  ecosystem of 

Nepal so that proposals can be developed for fu rther research . It wi l l  critical ly 

analyse the existing knowledge on what has been done so far to feed the 

animals d ur ing dry seasons, h ow it was done and what can be done in solv ing 

the animal feed deficit problems faced by mi l l ions of remote smal l  holder 

l ivestock owners. 

The review is main ly focused on the selection of multipurpose tree variet ies,  

farmer friendly methods of propagation ,  nutrit ion and b iomass production of 

Ficus benjamina and Ficus glaberrima so as to renovate mounta in ecosystem 

and raise in situ biomass productivity which is h igh ly essential i n  the areas of 

poor transportation . 

Geographical ly, Nepal is a land-locked H imalayan country located on the 

highest poi nt on earth . I ts northern border is with Tibet , part of China and i ts 

southern border is with B ihar, part of I nd ia .  Thus Nepal l ies between latitude 26° 

22 ' N to 30° 27 '  N and longitude 80° 4 '  to 88° 1 2 ' E. Total area of Nepal is 

1 47 1 8 1  sq km with average length of 885 km east to west on the H imalayan 

range. The shape of Nepal is non-un iformly rectangular and has a mean width 

of 1 93 km , from north to south . Elevation rises from 60m in the river basin  of the 

flat land areas of eastern Tarai ,  Nepal to 8848 masl at Mt Everest. Us ing 500 m  

elevation as one eco-zone,  Nepal can b e  d ivided i nto 1 7  altitude zones with four 

aspects north , south , east and west . Based on a ltitude, Nepal can be d ivided 

into 88 vertical eco-zones with four main aspects facing towards sun and away 

from sun, facing towards snow-capped mounta ins and away from snow. I n  

effect Nepal has exceptional ly d iversified l i fe-zones, wh ich demands altitude­

based research and development. A case study expressed similar views 

(Ohakal , et al. , 200 1 ) . Therefore , mounta in ecosystems are characterised by 

3 
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h ighly u ndulat ing terrains with densely i nhab ited val ley zones. The habitats are 

greatly inaccessible as they are located beyond the reach of modern transport. 

They are further isolated from rest of the world by fast-flowing mounta in  rivers 

wa iti ng for centuries to have a bridge constructed.  

About a quarter of a m i l l ion people particu larly from urban areas and the 

H imalayan tourist route i n  Nepal have access to nearly al l  faci l ities of the 

modern age i nd icating better standards of l iving . Meanwhi le ,  90% of the 

population l ives a l i fe much s im ilar to that of the 1 4th century, lacking anyth ing 

of a modern nature .  They need to walk u p  to 1 5  days up and down just to buy 

salt and sugar which they carry on their back to their habitat. In total i ty ,  th is 

mounta in  habitat demonstrates a h istorical place where a l l  stages of 

d evelopment from the primitive to the modern age can be seen.  Life i n  general, 

away from urban areas and the tourist trek route , is barely sustainable .  

The economy of Nepal is  based on agricu lture from which 8 1  % of the 

population makes their  l iv ing .  From the year 1 99 1 ,  Nepal started import ing 

about 1 .8 m i l l ion tons of cereal gra in  each year (CBS, 200 1 ) . This is an 

i nd ication that gra in  produced with i n  the country is not enough for the entire 

population .  Current to 2003, per capita gross domestic product (GDP) is 

U S$238.  Thus, the problem of developing this cou ntry is malnutrit ion d ue to 

severe lack of balanced d iet as opposed to obesity due to over eat ing i n  the 

western world . 

Despite its extraord inary d iversity, Nepal i  ecosystem of the mounta ins is a 

home for a human popu lation of 23.2 m i l l ion (CBS , 2002), thei r  animals and 

natural faunas.  U l timately, the exist ing population is  m ore than the resources 

can feed; the human populat ion is increasing trends whereas natural  resources 

are decl in ing .  Density of human population is 1 57, cows 50, Yak 0 .39 , buffaloes 

2 1 . 1 7 ,  goat 37 .47, sheep 4 .09 ,  and pigs 3 .37 head per km2 respectively (CBS , 

2002).  A rough calculation i nd icates that aggregated population density wi l l  be 

over 423 heads per km2 i nclud ing poultry b irds ,  horses and elephants 

competing for the same resources .  S im i la rly ,  Rajbhandary & Shah,  ( 1 98 1 ) 

reported that l ivestock wealth represents Nepal as having the world 's h ighest 

l ivestock popu lation per u nit area. L ikewise, stocking  rate is calculated to be 9 

4 
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t imes and 1 3  t imes h igher in  forests and open grazing lands i n  the mid-h i l ls 

respectively (Rajbhandary and Shree Govi nd ,  1 981 ) .  

Table 2.1 Density of l ivestock population (animal km2) (calculated from MOAC, 
1998/99 data). 

Ani mal On the basis of On the basis of On the basis On the 

Species total area of Nepal agricu lture and of agricu lture basis of 

1 47 1 8 1  km2 pasture land area land area pasture land 

59932 km2 394 59 km2 1 7529 km2 

Cattle 47.71  1 1 7 . 1 8  1 77 .98 400.6 5  

Buffalo 23 .95 58.83 89 .35  201 . 1 4  

Sheep 5.78 1 4 .2 1  2 1 . 58 48.60 

Goat 42.97 1 05. 53 1 60 .29 360 .83 

Pig 5. 96 1 4 .64 22 .24 50 .07 

Fowl 1 26 .5 3 1 0.67 426 .25  1 062.2 1 

Duck 2 .88 7.09 1 0 .77 24 .25  
. L Note. For the year 2002 human population density was 1 57 per km . Popu lation 

growth rate was 2.4 percent. 

One of the current stud ies ind icates that "whi le technological improvements and 

increase in  crop prices i ncreased cropped area , red uced population had the 

opposite effect . Reduced population growth rate , and increased price for major 

agricultural crops led to overal l  reduction in forest degradation . The study,  

therefore, concludes that family plann ing pol icies aimed at red uction of 

popu lation growth rate and increase i n  process of major agricultural crops can 

be an effective pol icy for slowing down the process of forest degradation or 

even for revers ing i t  completely to regeneration" (Sankhayan ,  et al. , 2003) .  

Quantity and qual ity of ruminants feed avai lab i l ity depends upon the seasons, 

elevations, aspects of mou nta ins ,  in situ degree of s lopes and accessib i l ity to 

agrosi lvopastoral systems . Table 2 .2 i nd icates carrying capacity of various 

lands .  For example Alpine meadow has the h ighest carry ing capacity of 1 .77 

LSU , which is avai lable only to h igh alt itude rum inants for example Yak 

mounta in  goats and sheep. For other an imals ,  the 30 year trends presented i n  

5 
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Figure 2 . 1  ind icate feed avai labi l ity is about the half of thei r  requ irements, and 

decl ining. 

Table 2.2 Dry matter ( OM) production pote ntial of various feed resource 
components based on six categories of mounta in  ecosystem in 
Nepal (Rajbhandari et al., 1 981 ). 

S .N .  Land types avai lable with smal l  farmers OM/ha TON/ha Carry ing capacity 

(MT) (MT) 

1 CROP LAN D  AREA 2 .55 0 .88 0 .8 1  

Crop residues/ by  products 1 .86 0 .53 0.49 

Grass and weeds from crop land 0.36 0 .2  0 . 1 8  

Leaf fodder 0. 1 6  0 .09 0.08 

Grazing after harvest 0. 1 7  0 .06 0 .06 

2 ALP INE M EADOW 

Existing grazing system 3.2 1 .54 1 .42 

Rotational grazing 4 1 .92 1 .77 

3 STEP PE G RAZING 

Existing ground coverage 0. 1 2  0.06 0 .06 

Deferred rotational grazing 0 . 1 5  0 .07 0.06 

Re-vegetation up to 25 - 30% 0. 1 8  0 .09 0 .08 

Re-vegetation up to 50% 0.05 0.24 0 .22 

4 OPEN GRAZING I N  M IDH ILLS 

Existing system 1 .2 0 .58 0 .54 

Rotational grazing 2 0 .96 0.89 

Exclosure and hand cuttings 3 1 .44 1 .33 

Partial reseed ing management 4 1 .92 1 .77 

Complete reseeding management 5 2 .48 2 .22 

5 FOREST G RAZIN G  0.7 0 .34 0 .3 1  

6 WASTE LAN D G RAZI NG 0.5 0 .24 0.22 

Evergreen trees are a major feed source for an imals in  Nepal .  However, lack of 

feed is  the major factor l im it ing the an imal p roductivity for d ry periods of n i ne 

months from October to June.  Therefore , this review is d esigned to explore 

possib i l it ies of g rowing evergreen fodder trees good for lopping as and when 

requ i red d u ring the lean period . 

6 



Chapter 2 

1 970 1 980 1 985 
Years 

Literature Review 

1 990 2000 

Figure 2.1 Percentage of ruminants feed availability to requ irements in 
Nepal Figu re (Mod ified from Rajbhandary et al., 1 98 1 ) . 

Average households own about 8-10 trees ,  mostly fodder (Pokhare l ,  a nd 

Rid ish , 2002). The yield of fodder from a s ingle tree averages 35 to 40 kg 

annual ly (Kol lma ir, 2004). However, Kol lmair  (2004) did not specify the species. 

Some species, for example F. glaberrima, are recorded to have produced 1 69 

kg . I n  Nepal , tree fodder suppl ies 20 to 40 % of total feed during the dry win ter 

season .  However, browse production is severely l im ited due to comb inations of 

factors i nclud i ng chi l l ing H imalayan range, the long dry period and lack of soi l  

moisture .  E ighty five per cent of 1 47,1 81 km2 total area of Nepal have h igh 

degree slope land ,  and fodder trees are usual ly planted i n  30° to 70° slopes. 

The land which is not normally good for cultivation and cereal crops product ion 

is being used for planting mu lti purpose trees. Many trees grow natural ly on the 

farms when protected from grazing an imals .  Seed l i ngs of few other species are 

collected from nearby forest, planted on the protected slope areas of a farm and 

not harvested unti l  they produce leaves. Over 250 d ifferent tree species a re 

being used as fodder (Subba, 2001 a) .  

The role of pol it icians and p lanners is to provide the sociolog ical and financial 

structures with i n  which adjustment of trad itional management practice is 
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possib le and also to ensure that ' i t  is necessary for the researcher to select 

carefu l ly the objective of their i nvestigations and to be prepared to vary 

management stresses in order to properly define the productivity characteristics 

of plant commun ities (Hodgson , 1 993).  However, with the lack of leadersh ip  and 

lack of pasture and fodder special ists in Nepa l ,  our plant commun ities have not 

yet been defined properly.  Therefore , in re lation to exist ing pasture and fodder 

resources, we are sti l l  not aware of what potential i ty and prospects exist i n  the 

mountainous ecosystem of our country. This study wil l explore some of the 

potential areas, which are not yet explored . 

2.2 Global scenario of tree fodders 

Use of tree fodder and browse plants by browsing an imals is  global i n  nature . 

However, data on quantity, qual ity and types of browse being used is l im ited . 

The importance of browse plants as a source of dry season nutrition is 

i ncreasing.  Research conducted in  I nd ia ind icates that fodder trees constitute a 

major proportion of l ivestock feeding i n  the middle H imalayan h i l ls ,  to the extent 

of 1 0-1 5 percent green forage duri ng monsoon ;  80 percent during winter and 

60 percent in summer, to the rations of ruminants i n  the H imalayan h i l ls  (M isri , 

1 998). Trees growing in  the open forest and road sides are regu larly lopped by 

the grazers. Sometimes, i l l icit lopp ing is done in the reserved forest as wel l  

(M isri , 1 998) .  A s im i lar situation exists i n  Nepa l .  Different species and methods 

of using fodder trees are practiced in d ifferent parts of the world .  In Nepal for 

example,  lopping is done by cl imbing the tree and brarlChes are carried to sta l l  

fed an imals.  I n  New Zealand, poplar and wi l low p lanted for soi l  conservation 

and shelter are also potential sources of supplementary forage ( Kemp,  et al. , 

200 1 ) .  Plant ing poplars is an  effective technology for contro l l ing h i l l  soi l erosion 

in New Zealand pasture (Guevara-Escobar, et al. , 2002) However, in New 

Zealand,  browse plants, ma inly poplar and wi l low, are mai ntai ned in pasture to 

a height conven ient for browsing an imals .  

I n  New Zealand popular and wil low are potential source of supplementary 

forage during summer, I n  Africa Acacia albida and i n  South Africa Prosopis and 

Gleditsia are used (Graham, 1 998) .  A total of 250 d ifferent tree and browse 

species general ly used to feed ru m inants were col leted from the eastern h i l l  

farms of Nepal  at  altitudes ranging from 1 1 00 to 2200m masl  (Subba,  200 1 ) 

8 



Chapter 2 Literature Review 

This ind icates that there are far more species of fodder trees above and below 

these altitudes i n  central ,  western , mid-western and far-western reg ion of Nepal .  

2.3 Role of browse plants i n  Nepal 

The primary role bei ng played by a fodder tree is to produce green and fresh 

fol iage during the period of the dry season when there is no other alternative 

green feed avai lable. By planting tree fodder, several other benefits are created 

which can last for many years; soi l conservation , framework effect, fen ce 

material production or kitchen garden, fuel wood ,  windbreaks , fibre productio n  

from the bark of Ficus glaberrima,  roadside plantation ,  biodiversity 

conservation ,  environmental conservation ,  shade, amenity and rel ig ious value 

and positive impact on carbon sequestration. F. benjamina and F. glaberrima 

are expected to produce al l  the above effects. Artocarpus lakoocha is known for 

its potential ity of h igher mi lk  production i n  buffaloes among h i l l  farmers.  

However, evaluation of a l l  those effects is beyond the scope of th is P h D  

research. 

More than 50% of the fodder for rum inant animals comes from forest resources 

(Kadariya , 1 992) .  Fodder trees hold the key to one of the large constraints for 

improvement of the l ivel ihood of smal lholders in Nepa l ,  and the opportun i ty for 

removing this constra int is currently not being uti l ised (Dhakal et al. , 200 1 ) . 

Fodder trees are l ife l i nes for ruminants particu larly dur ing dry seasons in the h i l l  

farming system of Nepa1 ,  and are cheap sources of protein and energy. A total 

of 250 d ifferent trees and browse species were col lected from eastern h i l ls a nd 

ana lysed for the tann in  content (Subba, 2002; Upreti , 2002). Above 5% tann i n  

was found i n  1 6% browse plants.  Based on altitude and  seasons the tree fodder 

suppl ies about 20 to 50% of rum i nants feed, of which F. glaberrima is a major 

contributor. 

2.4 Ancient history of s i lviculture 

"Rel igiosa" is the species name g iven to one of 2000 d ifferent fig species of 

genus F. religiosa and F. benghalensis i s  the most sacred tree i n  H induism. 

"Rig Vedas" the prime H indu rel ig ious book written somewhere 1 0 ,000 to 300 

B .C (Sidhartha, 2004) described how the mother goddess "Parvati "  played with 
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Vishnu u nder a Ficus religiosa tree , wh i le other gods spied on them .  According 

to myths, Parvati was so angry she decided to lau nch a curse ; thus Brahma 

becomes a tree i n  Sanskrit cal led Palasa, (Butea monosperma = lB. frondosa) , 

Sh iva (Rudra)  the Ficus indica (Cactus)  and Vishnu the Ficus religiosa. 

Simi larly, another myth says roots of Peepal tree were bel ieved to represent 

Brahma, its bark Vishnu ,  its branches Sh iva. The three gods forming the H indu 

Trin ity are 1 )  Brahma creates the worl d ,  2 )  Vishnu  susta ins it and 3) Shiva 

destroys it. Photographs and d etai ls about H indu ism and their l i fe system can 

be found i n  (http://www .webind ia 1 23 .com/re l igion/h indu ism/gods/trin i ty. htm) 

Trin ity us ing deer and tiger h ide for wearing,  bedding and mak ing double 

headed dru m  ("Damma-Roo" in Nepal i  and H i nd i  language).  

Accord ingly, in 566 B.C Gautama Buddha was born , and the Bo tree (F. 

religiosa) under which he wou ld  atta i n  en l ightenment (Lewin & Myo Ch it, 2004) .  

I t  ind icates that shelter i mportance of Ficus trees was recogn ised thousands of 

years ago. Regarding the care and management of trees, the watering of the Ba 

tree is the part of Buddh ist culture i n  Myanmar and occurs dur ing the hottest 

part of the year (Lewin & Myo Chit, 2004). Also , "the trad it ional tale i n  Ind ia  is 

that if Ficus benghalensis is cut down thousands of snakes wi l l  leave and wi l l  k i l l  

everyone". This could be one of the rel ig ious strateg ies to protect the Banayan 

trees from roadside resting places. In relation to F. benjamina nothing was 

found mentioned whi le reviewing.  

L ikewise, some 246 years ago in  the year 1 758, Nepal i  poet Bhanu Bhakta 

Acharya (Acharya, 1 758) wrote about sel l i ng of grass by a grass-vender i n  

Tanhu d istrict western Nepal . This i nd icates that some farmers have had 

shortage of rum inant feed at least 246 years ago. 

2.5 Modern h istory of s i lviculture development i n  Nepal 

Regarding i ntroduction of  h igh  yie ld ing pasture and fod der seed i nto Nepal , 

records from Min istry of Agriculture (Unpubl ished) i nd icate that Prime M in ister 

Jang Bahadur Rana visited U n ited Kingdom in the year 1 860 and  in troduced 

white clover in the Kathmandu valley for the first time from England .  L ikewise i n  

the year 1 925 (200 1 BS) Chi tlang sheep farm i n  Makawanpur d istrict was 

establ ished , and i n  1 953 "Small An i mal and Dairy Development Section" at 
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Singha Durbar Kathmandu and Cheese factory i n  Langtang,  Rasuwa were a lso 

establ ished . The New Zea land government supported the establ ishment of the 

first da i ry plant at Kathmandu in 1 959. The first ever agronomist of Nepal , Mr 

Netra Bahadur Basnyat (Pande, 1 997) completed his degree of Master of 

Agricultural Science i n  February ,  1 957 from Massey Agricultural Col lege, 

Un ivers ity of New Zealand (Basnyat, 1 957) .  

2.6 Ecosystem where invasive trees find  it hard to grow 

I n  a m icro-cl imatic cond it ion of soi l ,  where i nvasive figs fa i l  to grow then it wi l l  be 

hard for any other plant to grow without altering the environmental conditions. 

Only the planting of mult ipurpose trees is expected to alter the environmental 

cond itions.  

Anecdotal evidence shows annual decl ine of about 1 .25 % i n  carrying capacity 

of forest land in Nepal (Resources Conservation and Ut i l isation Project 1 979). 

The carrying capacity of the forest land is 0.31 Livestock Un it per ha and the 

cu rrent stocking rate is 9 t imes more than the carrying capacity (Rajbhandary & 

Shree Govind ,  1 981 ) . With the above decl i n ing trend  i n  80 years from 1 979, the 

h igh land forest of Nepal wi l l  be completely exhausted and wi l l  turn in to barren 

h igh land desert where hard ly  anyth ing grows. Mounta i n  ecosystems need a 

type of p lant relatively capable of resisti ng drought and seasonal adversit ies. 

Looking at the invasive characters ,  root system and evergreen nature , Ficus 

species mainly benjamina and g/aberrima cou ld be the best species which can 

grow under harsh environments , u nti l better alternatives are found .  Those 

species are expected to ra ise mounta in  carrying capacity and maintain harmony 

with i n habitants . Invasive plants are plant species that exh ib it a tendency to 

spread out of control in the landscape. Although not synonymous with "exotic 

plants" ("a l ien plants") ,  i nvasive plants are often plants that have been 

i ntroduced from other regions. Once introduced , such plants spread qu ickly, 

because the i nsects which attack them in  their native lands are absent in the ir  

new homes . 

I n  th is context both F. g/aberrima and F. benjamina are i n  the i nvasive category,  

but both a re expected to be a boon for renovation of degraded mounta in .  
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2.7 Dynamic n iche of l ivestock production 

Literature Review 

N iche is defined as the role of an organism with i n  its natural environment that 

determines its relations with other o rgan isms and ensures its surviva l ,  (Encarta 

d ict ionary). 

I n  the mounta in  farm ing systems of Nepal several noticeable changes are 

taking place which have no records (Personal observation) .  Regard i ng the 

l ivestock keeping system,  free grazing has completely changed to semi­

i ntensive and stal l-feed ing conditions; cattle-keep ing is changing to buffalo 

keep ing . Simi larly large herds were reduced to smal ler s ize . Semi-temperate 

rangelands are being converted to alder based cardamom plantations. I n  

response to the changing environment, the transhumance system of keep ing 

sheep is in  the verge of exti nction (Kshatri , 1 993). 

Sustainable change cou ld be a mod ified agro-s i lvo-pastoral system based on 

the number of animals which resou rces can sustain .  The biomass p roduction 

system involving evergreen figs i .e .  F. benjamina and F. g/aberrima as 

mu lt ipurpose trees ensures d ry season n utrit ion should help renovation  of 

mounta in ecosystem with mu ltipurpose fig trees focusing soi l conservation and 

edible biomass production to provide hungry an imals with fresh and evergreen 

fodder throughout the year. Therefore, there is need to  create a database for 

future decisions on propagation, nutrit ion and biomass prod uction of F. 

benjamina and F. g/aberrima.  

The approach used here is to bring together new i nformation on :  

a )  Current use and management of alternative M FT i n  Nepal 

b) M FT establ ishment and b iomass production potential mainly on farmed land 

and g lass house condit ions. 

c) Generate knowledge on  nutritive val ue of M FT using lactating buffaloes and  

sheep ( large and smal l  rum inants) .  

I ntegrated i nformation generated wi l l  provide a set of recommendations for 

improving the susta inabi l ity and productivity of M FT systems. 
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2.8 Need for professional development i n  the field of tree 

fodders 

There is no particu lar tree fodder specialist with Department of Livestock 

Services in Nepal . The Nepal Animal Science Association ( NASA) is a com mon 

forum for al l  an imal scientists from Nepal , with some expatriates. Currently it 

has 250 plus members i nclud ing retired government officers and research 

scient ists from the Institute of Agriculture and Ani mal Science ( IMS) Tribhuwan 

U n iversity. 

The need for professional development of an imal  scientists was real ised and 

NASA was establ ished in  the year 1 983 i n  the h istory of organ ised 

professional ism in  Nepal . Its role is to develop the capacity of the l ivestock 

industry so as to al leviate rural poverty. 

The author is a l ife member and was , as wel l ,  a n  executive member of NASA 

for two years unti l August 1 6 , 2003 and thus has had an opportunity to learn 

more about the l ivestock system in the hi l ls of Nepal .  The fi rst NASA convention 

was held in  Khumaltar, Nepal on 14 - 1 5  January 1 991  and 5th convention was 

held on 1 6-1 7 October 2003. Likewise , the Third Livestock Development Project 

(TLDP) ,  Department of Livestock Services, M in istry of Agriculture and 

Cooperative, Nepal held i ts fi rst workshop on "Fodder and Forage 

Development" on November 1 6  - 1 7, 1 999 and 4th Workshop on 1 5  to 1 6  

January 2003, i n  the Vijaya Development Resource Centre , (VDRC) Gaindakot, 

Ch itwan ,  Nepal . The Author has had the opportu n ity to read al l  proceed ings and 

attend  five of the nine workshops. Review found that no research was done 

focus ing on Ficus as a mu lt ipurpose fodder tree for renovation of Mounta in 

ecosystems. 

2.9 Review of past work 

A. lakoocha and F. glaberrima planted on farms for forage production , soi l 

conservation and shelter are also potential sources for fi rewood , sawn wood 

(Joshee, et al. , 2002) ,  fence material (Kshatri , 200 1 ) and framework trees 

(E l l iott et al. , 2002). 
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Fodder tree cUltivation is a wel l-adopted and sustainable way to use resources. 

L i ke al l  other agroforestry land use systems the cultivation of fodder trees is 

very complex and needs a vast body of knowledge to be managed successfu l ly 

(Kol lmair, 2004). Also, Kol lmair  (2004) said that, there is no "best tree"! Only 

the combination of several species could cover the needs of a farm and that 

farmers do not plant trees on private land for "ecological" reasons - they do i t  for 

survival" 

In the year 1 985, the Nepal Agricultural Council ( NARC) was establ ished to 

investigate efficient methods and materials for h igher prod uctivity of l ivestock 

and crops. For western Nepal ,  Lu mle Agricultural  Research Centre (LARC, 

1 968) and for east Pakhribas Agriculture Centre (PAC, 1969) were establ ished 

by Overseas Development Administration (ODA) of the Brit ish government. In 

the year 1 985, both of them merged into NARC and were given overal l  

responsibi l i ty of research and development in Nepal . 

In general ,  fodder produ ction is not a common practice in Nepal . Ru m inant 

feed therefore varies greatly with the seasons . Du ring wet months of J une to 

August plenty of green grass is avai lable . For the rest of the year, the only 

green fol iage ava i lable is either from forest tree leaf or from tree fodder grown in 

the edge of the farmer's fie ld .  Recently ,  a few farmers have started growing 

oats. 

In search of eco-friendly and sustainable sources of forage appropriate for 

smal lholder farm ing systems throughout the year, unti l  January 2004, over a 

h undred species and varieties of pasture and fodder seeds were imported and 

tested in various parts of Nepal . Among them ,  wh ite clover, perennial ryegrass 

and cocksfoot are moderately successful in semi-temperate reg ions and on 

government farms. In add ition to evergreen tree fodder avai lable in their fie lds,  

less than one percent of farmers from peri-urban areas started themselves 

growing oats as supplementary feed ing d uring dry seasons. Thus the major 

problem of finding sustainable sources of dry season feed remains unresolved . 

Experiences so far suggest that growing the local evergreen tree fodder cou ld 

be the best alternative to local fodder deficit problems. Among the several 
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evergreen trees, two m ult ipurpose fodder trees (F. benjamina and F. 

glaberrima) are wel l  adapted to mounta in ecosystem and have been used by 

farmers from time immemoria l .  Both are xerophytes , ep iphytes and strangl ing 

figs (Kew, 2003) which are comparatively resistant to prolonged periods of 

drought. For these reasons, they have been selected for fu rther evaluation . 

2 . 1 0 Reasoning for the selection of fodder tree species 

Four reasons given for selection of F. glaberrima are; (1 ) its abundance in  the 

hi l l  farms,  (2 ) highest biomass production a mong fodder trees (3) relatively 

una ided spread ing of species and 4) resistant to continuous lopping for five or 

ten decades. The reason for selecti ng A. lakoocha was its qual ity to i ncrease 

m i l k  yield when fed to lactating buffaloes (Personal  commun ication with 

workshop farmers on 1 2  March 2005). Planting a tree has a l ife long beneficial 

effect in the household economy of farmers . Thus, i t  i s  better to make an 

informed decision and p lant  the right species than to regret later. The meagre 

i nformation ava ilable on tree fodder is not adequate to make an i nformed 

decision and farmers are plant ing d ifferent types of fodder trees in the i r  farmed 

land (Kshatri, 2003) without knowing their q ual ity. I n  contrast ,  A. lakoocha a 

deciduous tree is used to provide dry season fodder. Th is  chapter explains the 

physical ind icators such as tree trunk d iameter at breast height (DBH) ,  canopy 

d iameter, tree height and ed ib le biomass production per tree. I n  add it ion, there 

is a brief qual itative explanation on the effects of canopy on understorey forage 

production, wh ich helps value judgement between A. lakoocha and F. 

glaberrima in the h i l l  farming ecosystem of Nepal and decide su itable species to 

plant i n  their farms. 

2 . 1 1 Ficus species 

2.1 1 . 1 Distribution of Ficus species 

Evidence from diverse sources clearly shows that most ecosystems are 

becoming easier to i nvade .  One i mportant reason for this is that potential 

partnersh ips required establ ish ing pol l ination ,  seed d ispersal ,  mycorrh izal and 

plant-bacteria mutual isms have been spread around the world by humans. 

Together with other changes such as altered d isturbances and nutrient reg imes, 

these are faci l itating al ien plant i nvasions worldwide (Richardson ,  et al. , 1 999). 
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The seed of Ficus is  most read i ly d ispersed , because small figs can be 

swal lowed whole by the large number of b irds i nclud ing migratory b i rds moving 

between continents i n  response to changing cl imate. The varieties seem to 

have no ecological p references and the greater fac i l ity for d ispersal seems the 

only explanation for the wide range of var. microcarpa (Corner, 1978). He 

further states that it not yet possible to assign geograph ical l im its . 

I n  New Zealand (wh ich has no native figs) ,  F. macrophyl/a and F. rubiginosa 

were cultivated for many years without sett ing seed . Both species acqu i red their 

pol l i nating wasps recently, a pparently by long-d istance d ispersal by wind from 

their natural range i n  eastern Austral ia (Gard ner & Early, 1996) Where two 

species are mutual ly dependent, the e l imination  of one wi l l  result in the demise 

of the other. In this sense they act as keystones species for each other ( Pay ton ,  

e t  al. , 2002). 

2 .1 1 .2 Agronomy of F. benjamina and F. g/aberrima 
Regard less of abundance of F. glaberrima at household level i n  western 

Pokhara Nepal (Plates 2 .1 and 2.2 ,  their s i lvicu ltural practices have never been 

documented . 

Therefore, i nformation  on how it grows, how much it produces, and the way it is 

being produced has to be documented . With i n  l imits of this PhD tim e  and 

resources , del i neation with respect to its propagation ,  nutrit ion and b iomass 

production is an important part of this research. 
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Plate 2 .1 Four Ficus glaberrima trees heights 10m to 18m above ground Kalika-6 
Sunpadalim, Kask i ,  Pokhara,  Nepal . (Photograph by Kshatri ,  2002) . 

Plate 2.2 Summer greenery in farming system of Kalika-6 Sunpadal i ,  Kaski , 
Pokhara, Nepal. (Photograph by Kshatri, 2002). 

In many forests the fig tree is considered a keystone species since during parts 

of the year it is virtual ly the only tree producing fru it. Duri ng these lean t imes, 

many primates and birds feed almost exclusively on fig fru it (Butler, 2004) .  

Addit ional ly, in  the h i l l  farming system of Nepal , the fig is  being considered as 

treasure of fodder for rum inants, which remain green throughout the year. 

From the botan ical viewpoint, fig trees have several beneficial i nherent 

attributes making them the fittest of all trees exist ing on the deteriorating 
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mounta in ecosystem. These attributes wi l l  provide renovative advantage u nder 

zero-grazing management arising due to loss of the tradit ional free grazi ng 

system .  The following four  main characters are responsible for making the F. 

g/aberrima fit for this stressfu l envi ronment: 

( 1 ) F igs as a xerophyte : A plant capable of surv iv ing prolonged period of 

moisture deficiency (http://www.afae.org). On the other hand , it has been 

reported as not resistant to d rought (Kayastha & Amatya , 2002) 

(2) Figs as an epiphyte : There are advantages of starting from the top: g lorious 

sunsh ine and by-pass ing dangers on the ground :  flood , fi re , browsi ng 

vegetarians,  fal l ing trees and branches. The epiphyte a lso does not have to 

i nvest in  a heavy trunk before it gets to sun l ight, and instead of cl imbing u p  

against gravity ,  i t  simply lets i ts roots down . L ike other epiphytes, i t  is not a 

parasite and does not take nutrients from its host. But  it eventual ly k i l ls its host 

by slow strangulation .  (http ://www .szgdocent.org/ff/f-stfig . htm . 2000). Royal 

Botan ical Garden Kew report i nd icates that "epiphytes are not rooted in the soil 

nor are they parasitic" and also that the areas richest in epiphytes are the 

mounta in ra inforests at altitude around 1 500 m, (Kew, 2003).  

(3) Figs as a hemi-epiphyte : Perhaps the most famous hemiepiphyte is the 

towering strangler fig which starts l ife as a t iny seed in the canopy (Butler, 

2004) .  Hemiepiphytes represent a transit ion between terrestrial and epiphytic 

growth forms; they retai n  hydrau l ic connections with the soi l whi le us ing other 

trees as su pport structures . 

"Hemi-epiphytes a re defined by canopy to floor growth" (Fatland ,  1 996) .  After 

the seeds are deposited by birds or fly ing foxes in the forest canopy (fork and 

holes) and germination occurs, the figs send roots down to the forest floor and  

anchor i n  the soi ls .  After contact with the  new sources of  nutrients, the growth 

rate i ncreases qu ickly. The host tree becomes surrounded by fig roots which 

eventually block a majority of the l ight reach ing the host's crown . 

(4) F igs as a strangler: Corner, (1 978), said that strangl ing fig F. g/aberrima is  

puzzl i ng both i n  systematic position and geographica l  d istribution .  The host is 
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"strangled", d ies and decomposes, leaving the fig stand ing freely. Strangler fig 

can grow to be very large and some of the tal lest trees in the forest (Fatland ,  

1 996) .  Th is i nvasive nature worries many foresters if i t  is on ly the tree rema in ing 

as weed i n  future? However, with respect to renovating the degrad ing mou nta in  

ecosystem ,  strangl i ng fig has  been a boon and wi l l  remai n  so u nti l  better 

alternatives are found . 

2.1 1 .3 Species of Ficus 
Ficus: F ig ,  a genus of about 2000 species, i nclud i ng the wel l -known Banyan 

(Ficus benghalensis) and the ed ible fig Ficus carica (Porter, 1 966). Ficus is  a 

large genus with some 2,000 tropical and subtropical tree, shrub, and v ine 

species d istributed around the whole world (G iven ,  1 999). D istribution has no 

geographical l imit (Corner, 1 978). 

2.1 1 .4 Taxonomy 

Current name: Ficus glaberrima 

Authority: Blume 

Fami ly :  Moraceae 

Synonym(s) 

Ficus bistipulata 

Ficus fraterna 

Ficus suberosa 

Ficus thomsoni 

Urostigma glaberrimum ( ICRAF, 2004). It wi l l  avoid any confusion aris ing due 

many names. 

F. benjamina, F. bengalensis. F. religiosa and F. elastica are some relatives of 

F. glaberrima. F. glaberrima is identified as d rought resistant plant, commonly 

being grown on hi l l  tra i l  platforms (local ly known as "Chautari" in  Nepa l )  for 

taking rest i n  tree shade whi le carrying bag packs uph i l l .  

2.1 1 .5 Naturalisation of F. glaberrima 

While more evidence needs to be establ ished, based on geograph ica l  

d istinction , characterized by the abundance of F. glaberrima, its growth , vigour 

and natural ized establ ishment i n  western Pokhara Nepal , the H imalayan foothi l l  

represents the orig ina l  habitat. Corner ( 1 978) wrote that, "The strangl ing fig F. 

glaberrima is puzzl ing both i n  systematic posit ion and geograph ical d istribution . "  
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2 . 1 1 .6 Nutritional study of Ficus fodder 

Ru minant feed ing on F. glaberrima is a trad itional practice mai nly i n  Nepa l .  

However, Ficus species are d istributed a l l  over the world .  With respect to Ficus 

fodder, no data were avai lable on nutrient content. O n ly two stud ies i nvolving 

response to fodder trees of lactating buffaloes when fed with treated or 

u ntreated rice straw with Badhar (A. lakoocha) (Rana & Amatya , 2000), and 

with F. semicordata were found (Shrestha et al. , 1 992) .  But no such stud ies 

were done with F. benjamina and F. glaberrima. 

Nutrit ional ly, clear species differences and monthly variat ions were observed in 

tan n i n  activity (Wood et al. , 1 992) Also monthly levels of d ry matter (OM), ash , 

and crude protei n  (CP) were fairly stable except when there was new leaf 

growth ,  although year to year d ifferences in dry matter were found .  Trends i n  

prote in  precipitation activity (PPA) fluctuation were general ly s imi lar for trees 

located at s imi lar altitudes. Some of the fluctuations were d ue to changes i n  the 

extractab i l ity and quantity of condensed tan n ins which may affect the nutritive 

value of the fodders (Wood et al. , 1 994b) Variab i l ity i n  leaf PPA was significant 

(P<O .OS) with i n  trees, between trees and between bimonthly samples. 

S ign ificant (P<O.OS) with in-tree d ifferences were found in fresh leaf samples of 

Q. semecarpifolia and F. glaberrima. I ntraspecific d ifferences i n  chemical 

composition may compl icate the assessment of the nutritive value of tree leaf 

fodders (Wood et al. , 1 995) 

I n take of A. lakoocha increases mi lk  yield in buffaloes ( Rana & Amatya, 2000) .  

However , i t  i s  important to note that A. lakoocha is  a deciduous tree and 

possesses no leaves when they are most needed d ur ing the driest month of 

March to June .  I n  my  personal experience productive l i fe of A.  lakoocha is  

about 80 years compared to 1 00 years for F. glaberrima.  

2 .1 1 .7 Primary planting site 

Smal lholders have less than O .S  ha of degraded land avai lable at various 

degrees of slopes. Steep sloped land which is not good for other purposes can 

be used for growing mult ipurpose trees . Main ly because a l l  the smal l  farmers 

want that, d ifficult corners of their land should be p lanted with mu ltipurpose 

trees. This is partly because steep slopes wi l l  prevent an imal  access and thus 
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protect the trees from damage. To ease the lopping process, bamboo ladders 

are being used to get to the base of a tree and other ladders to cl imb the tree. 

Fodder trees can be grown effectively in any degree of slope provided 

temperature and moisture and nutritional condit ion are favourable (TLDP, 

200 1 ) .  

2.1 1 .8 Slope land utilisation 

For optimum uti l isation of ava i lable slope land and plant resources, it is 

important to find out the most productive eco-belt for specific plant species. 

Success of fod der production ,  soi l  conservation , and sustainable development 

programmes rel ies on the identification of the best adapted mult ipurpose tree 

species. Rapid d isappearance of fodder trees from natural forest and the 

widening gap between demand and supply of fodder (Ohakal & L i l leso , 2000) 

necessitate m itigation measures i nvolving selection  and planting of su itable 

mu lt ipurpose trees. 

2.1 1 .9 Existing variation permits selection 

I ntraspecific and interspecific d ifferences in tree fodder nutrient content were 

observed by (Wood et al. , 1 995). A laboratory analysis conducted to examine 

250 species of tree fodders from eastern region of Nepal  fou nd existence of 

d ifferences i n  nutrients and secondary com pounds in  them (Subba, 200 1 ) . 

However, Subba d id not include F. g/aberrima i n  his tree fodder l i st of 250 

species. This i nd icates that a particular fodder species , su itably adapted in one 

locat ion, may not be su itable for another. Therefore , an in situ experiment has 

been designed to exam ine and select the best fodder species for further 

planting, research and development (Kshatri ,  2001 ) .  

2.1 1 . 1 0  Altitude and fodder tree species 

A. /akoocha and F. g/aberrima are found growing well in a 1 000 m belt usual ly 

with in  60 to 1 500 masl . Th is belt is the densest habitat for humans and an imals 

in  Nepal . Although F. g/aberrima ma be lopped for 1 00 years or more after 

planting ,  they are never i rrigated and fert i l ised .  However, u nti l  their first harvest 

at the age of three to five years , the seed l i ngs are p rotected by planting either in  

the vertical c l iffs ,  beyond the reach of  an imals ,  or wrapped with some thorny 

bushes to avoid seedl ings loss due to browsing .  
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2.1 1 . 1 1  Source of planting materia l  for h i l l farmers 

Smal l  holders in  particu lar  have no rel iab le source of planting material of F. 

benjamina and F. g/aberrima. Seed l ing production from seeds is possible;  

however, the t iny s ize of seed and seedl ings at the beg inn ing ,  their slow 

development and estab l ishment need careful management. Propagation 

through air layering and branch cutt ings is also possible (Kayastha & Amatya ,  

2002) .  

2.1 1 . 1 2  Propagation of Ficus species 

Trad it ional ly the only propagation methods used by farmers from h i l ls are 

col lect ion of seed l ings from forest forks and holes where seeds from birds' 

droppings germinated . Air layering of branches measuring 1 0±5 cm diameter is 

another method h i l l  farmers can use. No data are ava i lable to suggest the 

success and fai lure of farmers' practices. In addit ion to cutt ings, grafting and 

seed l i ngs from nursery,  tissue culture methods can be used for mu lt iplying the 

sapl i ngs.  

The l im ited evidence on methods of fig propagation relevant to mounta in 

ecosystem ,  meagre and inconsistent information ava i lable is presented 

hereu nder. 

Vegetative methods of propagation  can be used for mu lt ip ly ing fodder tree 

species. The most common species are not usually the most valuable, but the 

most easily propagated (Hawkins & Mal la ,  1 983)) .  This was a result of 35 

households surveyed in each of three vi l lages in Western Nepal and d oes not 

say anyth ing about farmers' preferences on types of pro pagation .  Farmers 

prefer vegetative techn iques to ' improved' technologies because they are 

affordable,  effective and often qu icker to establ ish .  However, ind igenous 

practices are not avai lable for al l common species ; they can be wasteful of 

material and damag ing to the mother plants (Tiwari , 1 994).  Survival rates are 

g iven for the 6 most common species 8 and 30 months after planting:  8adahar, 

84 and 56%; bans, 54 a nd 32%; n i mmaro, 46 and 32%; rai khan im ,  71 and 

52%; ipi l  i p i l ,  75 and 70% ; and pakhuri , 57 and 26%. In  genera l ,  the earl ier i n  

the monsoon season that the seedl i ngs were planted ,  the better their surviva l .  
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The major cause of mortal ity was grazing by l ivestock (8alogun  & Harrison ,  

1 989). 

Seeds of F. g/aberrima were i ncluded to produce seed l i ngs as part of 

propagati ng framework trees i n  Tha i land .  Different species produce seeds at 

d ifferent t imes of the year and they have different growth rates, yet sap l i ngs 

must atta i n  a plantable size by the opti mum planting ti me i .e .  the start of the wet 

season .  Germination percentages ranged from 38 to 89%, and the time i n  the 

nursery to reach a p lantable s ize ranged from 1 1 9 days for Prunus cerasoides, 

when i t  had reached a mean height of 48.6 cm standard deviation (SO) =7 .9), to 

609 days for Lithocarpus craibianus, when it had reached mean height of 40 .5 

cm (SO= 1 0 .6 )  ( El l iott et al. , 2002) .  F. glaberrima has typical ly smal l  seeds .  I n  

many nurseries in  Nepal the same techniques that are used to germinate large 

seeds are also used , i nappropriately, for smal l ones. The ma in  result ing 

recommendation i s  to use seed trays (local ly and cheaply made from materia ls 

such as cook ing- and motor-oi l  t ins) ,  which can easi ly be carried to the soi l  shed 

or a house for shade and protection from rain ,  and which can be sub- irrigated 

(8urslem ,  1 989) .  

Tissue cu lture "sand rooting technique" was used for mass production of t issue 

cultu red trees in Nepal . Rooting is induced by i nserting  in vitro shoots d i rectly 

into non-steri le sand, thus e l iminating the in vitro rooting step (wh ich has been 

reported to account for 30-70% of total production cost) .  Trees tested included 

Artocarpus he terophyllus , A .  lakoocha, Bischofia javanica, Dalbergia sissoo, 

Eucalyptus camaldulensis, F. auriculata, F. carica, F. clavata, F. elastica, F. 

glaberrima, F. lacor, F. nemoralis, F. semicordata, L. esculenta and L. 

leucocephala (Rajbhandary, 1 992) .  

2.1 1 .1 3  Root Mechanism and soi l  conservation 

Roots not only provide structural support to the plant and absorb water a nd 

nutrient from soil but a lso re-enforce mounta in  soi l conservation systems.  

Anecdotal evidence shows that roots are the underground forest. 

U nderstand ing the root m orphology and growth ,  tree survival ,  root competen cy 

and role i n  control of soil erosion are very important. 
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The abil ity of Ficus abi l ity to mod ify its root system to meet the needs of the 

micro-cl imatic cond it ions can help establ ishment and i nvasion in some cases. 

2.1 1 . 14  Mini-nurseries in remote areas 

Methods of transportation  and transplantation have d irect effect on survival of 

the sapl i ngs .  I n  the areas far away from motor roads l i ke i n  the h i l l  farming 

system of Nepal, transportation is l im ited to carry ing smal l  number of sapl ings 

either by human or by pack animals .  Regard less of care and management 

dur ing transportation and planting, survival rate is often less than 50% (Author's 

experience). The maj or cause of sapl i ng death is excessive loss of water from 

the plant d uring transportation for several days u p  and down h i l ls .  Therefore, 

smal l  nurseries i n  the area of need wi l l  help improve rate of plant survival after 

tra nspla ntation . 

2.1 1 . 15  Biomass production 

Understand ing of p lant characteristics is important for selecti ng the best 

mu ltipurpose tree with i n  a mountain farming ecosystem .  This is ma in ly because 

d ifferent trees respond d ifferently in g iven cl imatic conditions. Data on the effect 

of fert i l izer appl ication ,  lopp ing management and qual ity and quantity of 

biomass production was not avai lable . With respect to F. glaberrima,  whatever 

data avai lable up to January 2004 are reviewed and presented.  

Table 2 .3 Result of Participatory Rural Appraisal (PRA) and measurement of 
ten fodder trees (F. g/aberrima) above the age of 50 years located at 
an elevation of 900mas in the mountain ecosystem of western 
Pokhara, Nepal (Kshatri , B. B., 2001 ) .  

S.o.  Parameters Average value Strategic Importance 

1 Height 1 8 .6  m Use of space above ground 

2 Diameter at breast Height 2 .80 m Good for pack-wood . 

3 Canopy diameter 1 4 .8  m Under uti l ized area.  

4 Canopy area 1 62 .4  m2 Grass and legume 

5 Vacant canopy height 2 - 6 m Bush fodder p roduction 

F. g/aberrima is a potential resource for supporting  l ivestock d ur ing the lean 

forage period (Rana and Amatya , 2000). Over the last five years ,  there have 

been sign ificant changes in certa in l ivel i hood strategies, i nclud ing an increase i n  

biogas and crop residues as a fuel source , a sh ift from open grazing to stal l-
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feed i ng and i ncreases i n  the use of fodder crops and crop residues as l ivestock 

feed and also a marked shortage of fuel-wood (Warner, et al. , 1 999). There is a 

heavy dependence on 2 or 3 species and the most common species are not 

usual ly the most valuable, but the most easi ly propagated .  Commonest species 

are Banjh (Quercus incana) ,  Bhyaul (Grewia optiva [obtiva)) ,  Pakhuri (F. 

glaberrima), Faledo (Erythrina arborescens), Dabdabe ( Garuga pinnata) a nd 

bamboos . The number of fodder trees is not adequate for l ivestock 

requ i rements and the period of fodder shortage extends from January to J u ne.  

Trees are rarely planted on i rrigated fields, and the abi l ity of the farmers to 

recogn ize va luable species is l im ited by their lack of experience. It is suggested 

that it should be possible to select species which can be lopped d uring the 

period of shortage and that regional ly organized seed col lection and species 

selection would promote the planting of valuable species (Hawkins & Ma l la ,  

1 983).  

Out of 33 common fodder trees under study as part of a national fodder survey, 

A. lakoocha and F. glaberrima were the most used species of fodder in the 

Jhapa and Sunsari d istrict of eastern Nepal (U pad hyay, 1 992) .  Native fod der 

tree species of Nepa l ,  if careful ly selected and planted on farmers' fie lds,  h ave 

the potential to improve the poor fodder stands commonly found throughout the 

Middle H il ls  (Karki & Gold , 1 992) .  I n  general , farmers preferred as fodder trees 

the species with high crude protei n  (CP) and organ ic matter (OM) contents both 

on their fie lds and in their forests (Karki & Gold ,  1 994). 

Species of a fodder tree is one of the several factors determ in ing the amount  of 

fodder produced in  g iven cond it ions .  One of the stud ies found that fod der 

production was very variable between trees of i nd ividual species (Amatya & 

Lindley, 1 992) .  Branches more than or equal to 1 cm d iameter were lopped 

from 10 trees of each species with trunk  d iameter more than or equal to 30 cm 

in November 1 990 and March 1 991 (Amatya , 1 992) .  This d iameter of trees is 

far less than 280 cm g i rth recorded for 50 years old F. g/aberrima (Kshatri , 

2001 ) . 
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2.1 1 . 1 6  Leaf morphology 

A study in  I nd ia  and Bhutan on the morpholog ical characters of 1 7  tree species 

revealed the h ighest variabi l ity for leaf dry matter and leaf area (46%) and  

lowest for leaf length, maximum width of  leaf and  perimeter (24%).  I n  genera l ,  

leaf dry matter and  maximum leaf width were the most dependable characters 

for estimation  of leaf area. Mult ip le regression equations i mproved the 

estimation of leaf area by 2-8% in B. hainla and F. glaberrima (Wood et al. , 

1 995) . 

A. lakoocha feed i ng trial was effectively postponed by one year d ue to lack of 

adequate i nformation on the time of fol iage ava i labi l ity . No l i teratu re ind icates 

that A. lakoocha is not ava i lable during d ry season i n  Nepal .  Based on the 

i nformation avai lable ,  a project was set to start and planned to run through the 

driest months of the year in Nepal , that is about second week of February u nt i l  

June.  The project was to compare the "effect of intake of A. lakoocha and F. 

glaberrima on m i l k  production of buffaloes. Because, A. lakoocha ran ked first as 

the best fodder tree in  Nepal , in terms of palatabi l ity, nutrition and  farmers'  

preference, F. glaberrima has never been considered for such evaluation i n  the 

past. The effect of feed ing A.  lakoocha was s ignificant on fat % (P< .0 1 ) and TS 

content of m i l k  (P<0 .05) (Rana & Amatya, 2000).  

As a source of dry season nutrition , part icularly in  Sunpadal i ,  Kal i ka-6, Kask i ,  

Pokhara Nepa l ,  (elevation 900 m) F. glaberrima i s  ava i lable 365 days i n  a year 

whereas A. lakoocha completes shedd ing its leaves general ly after the second 

week of February and is not avai lable when hardest dry season starts. The 

former i s  evergreen and the latter is  deciduous. Just for supplying fodder leaves 

d uring d ry seasons, deciduous trees can not be com pared with evergreen one.  

Therefore, both evergreen mult ipurpose trees; F. glaberrima and F. benjamina 

could be the most important of all fodder trees of the areas. Despite the above 

facts, we can see farmers and extension workers sti l l  making u n-practical 

comparisons between evergreen and deciduous fodder. 

2. 1 2  Summary and conclusions 

Overexploitation of natura l  pasture resources is seriously damaging slope land 

productivity, lead ing to serious lack of feed and thereby adversely affecting the 
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health and productivity of an imals ,  particularly d uring the dry period of 9 months 

from October to June in the h i l l  farming system of Nepal .  The mountain 

ecosystem that provides l iv ing for nearly half of 27. 1 mi l l ion total population of 

Nepal is no longer capable of supporting ever increasing human and an imal 

populations, and is said to be in the verge of col lapse. Planting hardy mu lti­

purpose fodder trees wi l l  help to conserve l ife and stabi l ise this ecosystem . This 

study wi l l  help select the best tree species su itable to supply dry season 

nutrit ion for stal l  feed animals .  

A. /akoocha is  an important fodder tree but has no leaves in the densely 

populated altitude of 1 000±500m masl in Nepal at the time of driest month from 

March to June.  

F. benjamina is an  i ndoor p lant avai lable a l l  over the world whereas F. 

g/aberrima is closely related fodder tree mai n ly from the Himalayan foothi l ls .  

Both are evergreen plants under Moraceae fa mi ly and are potential sources of 

ru mi nant nutrition for dry seasons.  This research focuses mainly on that fodder 

potential . 

The Mounta in  ecosystem is a complex and h ighly dynamic interaction among 

trees, grasses, animals and birds generating e nergy for people who are sharing 

a com mon piece of land.  Overal l  productivity now has a negative trend,  which is 

com mercial ly not viable and has fal len below subsistence . In the remote areas 

people are l iving on the marg in of their existence and are migrating to seek 

asylu m  even abroad in search of food , water and better job. Thus, there is a 

greater need for lands of renovation of mountai n  so that energy keeps 

generation to sustain l ife . 

Fig trees, once planted, provide nutritious fodder which can be harvested for up 

to 1 00 years .  Besides, the special ised attributes of figs, such as the strangl ing ,  

epiphytic, hemi-epiphytic, xerophytic and i nvasive characteristics of F. 

benjamina and F. g/aberrima ,  they are nutritiou s  and palatable to a l l  categories 

of an imals .  
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Final ly ,  figs have i mmense potential as fodder source for dry season n utrit ion ,  

soil and biodiversity conservation and  also ma inta i n  ecolog ical harmony. Thus, 

evergreen figs deserve more attention of researcher thus enhancing the status 

of mu lt ipurpose trees around the globe . 

Lack of ru minant feed is not only causing severe malnutrition but also caus ing a 

greater harmful effect on health and productivity than other an imal d iseases. 

The household and national economies are being adversely affected by such 

situations. 

The l iterature review provides i nformation on existing status and potent ial role of 

fodder use in h i l l  and mounta in farm ing ecosystem of Nepal .  In fact without 

mult ipurpose trees , the future of the whole agro-si lvo-pastural system wil l be i n  

question . During dry wi nters, when exist ing pastures becomes brown and 

barren due to over grazing and lack of soi l  moisture, trees are the ma in  source 

of energy and protei n  for an imals. Virtual ly tree fodder has no alternatives. 

Thus browse species are playing an i ntricate role of d ry season nutrition ,  soi l  

conservation ,  biod iversity conservation and are ult imately ma intain ing  

ecological harmony. Therefore , mult ipurpose trees must be given due research 

attention .  

D ifferent species of browse supply d ifferent q ual ity of leaves i n  different t imes of 

the year. However, rumi nants need green and fresh fodder throughout the year. 

The most important browse is therefore one which can supply leaves 365 days 

in a year. Of the 250 plus species being used i n  the hi l ls of Nepa l ,  F. g/aberrima 

and F. benjamina remai n green all year round . Therefore , those two Ficus 

species were selected for further evaluation as mu lt ipurpose fodder trees. Whi le 

focusing mainly on  propagation , nutrit ion and b iomass production of Ficus, data 

generated wi l l  be compared with that for other ava i lable tree fodder s pecies 

s ign ificant to mounta in  ecosystem. 

Data avai lable on browse species particu lar to hi l l  farming system of Nepal is 

meagre and also i nconsistent. This cou ld be d ue to extremes of variat ion in the 

elevations, seasons ,  cl imatic cond itions, aspects of mounta ins ,  morphological 

d ifferences and variation in the micro-cl imatic requ i rements of a particular plant 
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species. Natural factors i nclud ing ha i l-storm, severe d rought lead us to th ink  

twice about the highly s ign ificant variation with in  any research results, despite 

the use of proven management practice developed elsewhere. Del i neation of al l  

fodder trees particu lar to hi l l  farming system needs species and variety-specific 

in situ research . 

U nder existing h i l l  farming practice , a F. gfaberrima tree grows for over 1 00 

year. That means, once planted , n utrit ious fodder can be harvested for 1 00 

years . However, tradit ional management practices of planting ,  establ ishment, 

and lopping need improvement. Provision of data on efficient management of 

mult ipurpose trees, practical means of propagation ,  comparative chart of 

nutritive values and biomass yield i ng species wi l l  encourage farmers to grow 

more plants wh ich they need for their future generation .  Besides, natura l ly 

special ised attributes of figs,  such as the strangl ing nature, epiphytic, hemi­

epiphytic ,  xerophytic and i nvasive characterist ics of F. benjamina and F. 

glaberrima needs research . Different categories of b irds after devouring on 

small sycon ium fu ll of seeds can fly continent to continent in  course of migration 

which might spread the fig around the globe. This is how varieties of figs have 

no geograph ical l imits. 

Despite the great need to gain knowledge of mu lt ipurpose trees , none of the 

potential trees existing in H imalayan ecosystem have been studied extensively .  

The target species for this research are F. benjamina and F. glaberrima, which 

are prime i ndoor plant and fodder plant respectively. 

The genus Ficus has immense potential as fodder resources for d ry season 

n utrition , soil and biodiversity conservation and also maintains ecological 

harmony. F inal ly, evergreen fig deserves much needed attention of researcher 

for enhanci ng the status 0 multipurpose trees around the globe. 

Lack of rum inant feed is not only causing severe malnutrition but also casting a 

harmful effect on health and productivity. The household and national 

economies are being adversely affected by such situat ions. 
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The review provides i nformation on exist ing status and potential ro le of fodder 

use in  h i l l  and mounta in farming ecosystem of Nepal .  In  fact without 

multipurpose trees, the future of whole agro-si lvo-pastura l system wi l l  be i n  

question . During  dry winter, when existi ng pastures becomes brown and barren 

due to over grazing and lack of soil moisture , trees are the main source of 

energy and protein for an imals.  Virtual ly tree fodder has no alternatives. Thus 

browse species are playing essential ly i ntricate role of d ry season nutrition ,  soi l  

conservation ,  and b iod iversity conservation a nd ult imately mainta in ing 

ecological harmony. Therefore, mult ipurpose trees should be g iven due 

research attent ion. 

Different species of browse su pply d ifferent qual ity of leaves in  d ifferent t imes of 

the year. However, rum inants need green and fresh fodder through the year. 

Thus most important browse is one which can supply leaves 365 days in  a year. 

Of the 250 plus species being used in the hi l ls of Nepal ,  F. g/aberrima and F. 

benjamina remain green al l  year round .  Therefore ,  those two Ficus species 

were selected for further evaluation as mult ipurpose fodder trees . Whi le 

focusing main ly on propagation , nutrition and biomass production of Ficus, data 

generated wi l l  be compared with other ava ilable tree fodder species sig n ificant 

to mounta in  ecosystem .  

Data avai lable o n  browse species part icu lar to h i l l  farmi ng system of Nepal is 

meagre and also inconsistent. This could be due to extremes of variation i n  the 

elevations, seasons, c l imatic condit ions, aspects of mountains, morphologica l  

d ifferences and variat ion i n  the micro-cl imatic requ i rements of a particular plant 

species . Del ineation of a l l  fodder trees particu lar to h i l l  farming system needs 

species and variety-specific in situ research . 

To ach ieve the broader  objective, the fol lowing specific gaps i n  knowledge were 

identified on the basis of wh ich experiments were designed to acqu i re the 

knowledge to renovate the degraded h i l l s ,  supply nutrients to herbivores and 

help conserve b iodiversity i n  a sustainable way. 

The approach used here is to bring together new i nformation on :  

a )  Current use and management of alternative M FT i n  Nepal 
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b) M FT establ ishment and  biomass production potential main ly on farmed land 

and under glass house conditions. 

c) Generate knowledge on the nutritive value of M FT using lactating buffaloes 

and sheep ( large and small ruminants) .  

I ntegrated i nformation generated w i l l  provide a set of recommendations for 

improving the susta inabi l ity and productivity of MFT systems. 
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Chapter 3 Exp . 1  Research priorities set by focus group workshops 

CHAPTER 3 

Invasive tree Ficus g/aberrima characteri stics and 
fodder research priorities set by users'  partic ipatory 

worksh ops in N epal 

3.1 Introduction 

This Focus Group Workshop is a vital part of research for understand ing natural 

and farmed M FT and developing a new strategy to restore and manage h i l l  

farming ecosystems. 

Fodder trees are d isappeari ng rapid ly from the natural forest of the mid-h i l ls 

which was source of 35% of the an nual l ivestock feed . Estimated 5 - 6 mi l l ion 

tons of dry matter equivalent, are m et from forage com ing from natural forest 

(Dhakal & Li l leso, 2000). Farmers possess an extensive ecolog ical knowledge 

of tree crop interactions,  fodder qual ity evaluation and tree fodder management 

tech niques, wh ich they used i n  management of tree fodder on farmland and in  

formulating feeding strateg ies (Guru ng, 1 999). Varying degree of  access to  off­

farm fodder sources and the number of l ivestock kept by d ifferent households 

also seems to affect fodder management decisions (Vickers & Rekha, 2000). 

Farmers are planting an increasing number of F. g/aberrima trees as a cheap 

and s imple solution to counterbalance the decl in ing forest resources in  Nepal ; 

however, its usefulness has never been verified . Selection and planting of trees 

depends on what the farmers l ike (Bista , 2000). Thus, to start with the selection 

process using farmers '  ind igenous knowledge two focus group workshops were 

conducted in the field in western Pokhara ,  Nepal .  

Based on trad itional farmers '  practices , F. g/aberrima was classified on the 

basis of test (bitter and sweet) ,  th ickness of leaves (th ick and th i n )  and s ize of 

leaves (big or broad and small or narrow) and lustre of leaves (black or dark 

green or l ight wh ite) .  

The integration of trees with agronomic crops has been actively promoted 

throughout the world to increase biod iversity, to optimise production and 
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resource conservation , and to improve wi ld l ife habitat (Delate et al. , 2005; 

USDA, 2006). In Nepa l ,  increase in forage demand and decreasing trend of soil 
productivity in the hi l l farm ing system has led to i rrevers ib le damage to the local 

biod iversity and hence chronic lack of animal feed (Kshatri , 1 993; Rajbhandary 

& Shah,  1 98 1 ) .  To cope with the decl i n i ng forest resources smal l  farmers i n  the 

h i l ls  are planting increasing numbers of tree species on thei r  farmed land 

(Thapa, et  al. , 1 997). Trees , crops and an imal husbandry a re three main 

i nterdependent components generat ing l iv ing for 65 . 5% of 27 . 1  m i l l ion people i n  

Nepal (CBS, 2002; Pokhare l ,  2005) .  Livestock play a key role i n  provid i ng 

draught power for crop production ,  manure for mainta i n i ng cropland fert i l ity, 

farm income and protei n  for household nutrit ion (Sherchand ,  200 1 ; Tulachan ,  

1 998) .  One pre-cond ition for ra is ing l ivestock i s  fodder production which is 

severely lacking in the hi l ls of Nepal . Recently, there has been a decrease i n  

an imal numbers and  farm i ncome, with severe consequences for human 

nutrition (Thapa, et al. , 1 997a) .  Farmers depend on tree resources to mainta in  

l ivestock nu mbers particularly during the dry season when other feed is i n  

l im ited su pply more than 75% of  the fodder that i s  fed to l ivestock is used during 

the period from November to June (Panday & N osberger, 1 985) .  Fodder 

production is the main aim of growing trees, fol lowed by firewood , fence 

material and m i nor t imber use. 

Selecting and plant ing i nvasive but mu lt ipurpose trees could form the basis  for 

renewal of degrad ing h i l l  farms and provide durable ecological services (Kshatri , 

2003).  F. glaberrima (FG) is one of 5000 to 7000 plant species available in 

Nepal (Bajracharya, et al. , 1 988). Only 23 species of trees were found to be 

domesticated of which F. glaberrima and A. lakoocha are the most commonly 

used species i n  the research area . F. glaberrima provides supplementary 

nutrit ion to lactating an imals particu larly d uring the dry period from October to 

June .  Leaves of the local ly wel l-known,  palatable and nutritious fodder tree; A.  

lakoocha start shedd ing from February,  which makes i t  u nfit as  fodder source 

u nti l  Septem ber, whereas F. glaberrima is an evergreen mu lt ipurpose tree and 

avai lable for lopping throughout the year. About a m i l l ion households around 

western Nepal are usi ng both trees as fodder, firewood ,  fence materia l ,  m inor 

t imber and conservation purposes. However, their performance and useful ness 

has never been investigated . 

34 



Chapter 3 Exp . 1  Research priorities set by  focus group workshops 

3. 1 . 1 Background 

Nepal is a land locked cou ntry of 1 47 1 8 1  square km area and located at 26°.22" 

to 30° .27" N lat itude , and 800A" to 88° . 1 2"E longitude ,  ly ing on the H imalayan 

range between China in the north and I nd ia in  the south . E ight of 1 0  h ighest 

peaks of the world i nclud ing Mt Everest are i n  Nepal .  Also there are some 200 

peaks more than 6000 meters . The width of Nepal varies from 1 20 km to 240 

km. With in  one degree latitude (27° N)  there is a great variation in  altitude,  

where the lowest elevation is 60 m at 26° 22" latitude and h ighest is 8848 m Mt.  

Everest. Due to steep slopes and smal l  terraces, use of advanced technology is 

l im ited by poor access to roads, rugged terraces and h igh cost. H ig h  alt itudes 

also have i ts role to compl icate the crop production .  Based on altitude,  Nepal 

can be easi ly stratified i nto 88 bands of 1 00 metre elevation ,  where each 

stratu m forms a specific agroecosystem .  Aspects of h i l ls ,  elevations, d istance 

from the oceans and distance form the chi l l i ng H imalayas have a d i rect effect 

on primary production and dai ly chores on smal l  farmers,  thus it is re levant to 

describe the background of geo-cl imatic cond itions of the research a rea. The 

Research site is located at 84° to 85° longitudes, 27° -28° latitude and 700 -

1 500 m elevation (Gurung ,  2005) in  the central h i l l  farm ing system of western 

Nepa l .  It is about 1 0  km away from the 8 1 67 m high Annapurna range. 

A major methodolog ical advance in  rural development research in recent years 

has been the recogn ition that rural households are not necessari ly focused 

exclusively on increasing crop or l ivestock production ,  whether for subsistence 

farming or the market, but undertake a range of activities, both on- and off-farm , 

depend ing on the resources to which they have access and the l ivel ihood 

strategies they choose to pursue at any g iven time (Twomlow ,  et al. , 2002).  

3. 1 .2 Collapsing hi l l  farm ecosystem : A review 

Overexploitation of plant resources is causing severe damage to the h i l l  

pastures (Sharma & Kayastha ,  1 998) of  the Mt Everest cou ntry of  Nepal . The 

problem of an imal feed deficits and desertification was apparent by 1 950 when 

sheep herders started giv ing-u p the transhumance system of producing sheep 

(Kshatri , 1 993, 2003; Mishra ,  1 998; Pande, 1 997b). Forage deficits triggered 

the agreement to ban cross border grazing between Nepal and Tibet. When 

forest depletes ,  l ivestock suffer. When l ivestock suffer, cropland , i n  turn loses 
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and food security is threatened and u lt imately the economy suffers (Sherchand ,  

200 1 ) . Thus ,  by 1 956 The first five year p lan was started as a series of 

mitigation measures to overcome the crisis (Mishra , 1 998) .  Then,  to deta i l  the 

trends and projections of l ivestock production in the h i l ls ,  a special "seminar on 

Nepal 's experience in h i l l  agriculture development" was organ ised by the 

Min istry of Food and Agriculture, in cooperation with "The Agricultural 

Development Counci l ,  Nepal" (Rajbhandary & Shah, 1 98 1 ) .  Subsequently, 

several long term (20 years) sectoral master plans were formu lated:  Forest 

Master P lan ,  Agricu ltural perspective P lan (APP) ,  Livestock Master P lan ,  

I rrigation Master Plan ,  Horticu ltural Master Plan and  so on  (Sherchand ,  2001 ) .  

None of the projects was focused on  the i mportance of F. glaberrima, despite 

it's use by mi l l ions of smal l  farmers. 

3.1 .3 Evaluation of fodde r  trees by chemical means 

Selected trees need to be resi l ient to local factors i nfluencing plant production , 

l iked by farmers,  nutrit ious and palatable to an imals .  Evaluating fodder species 

using chemical methods is widely adopted (Subba, et al. , 1 994) .  I ntraspecific 

and i nter-specific d ifferences in leaf chemistry of the fodder trees from the h i l ls 

(Wood et al. , 1 995; Wood et al. , 1 994b) ,  makes the ava i lable knowledge far 

from conclusive and often contradictory between different laboratories (Mahato 

& Harrison ,  2005; Subba , 1 998; Thapa et al. , 1 997b) .  I n  some cases chemica l  

explanations are s im i lar to farmers preferences i n  other cases there is no 

explanation for them (Subba, et al. , 2002). Proximate analYSis and other 

methods of analysis are used i n  which d igestib i l ity, crude prote in ,  crude fibre , 

l ign in ,  cel lu lose and tann i n  content provide as i nd icator of fodder qua l i ty. Many 

stud ies carried out based on these i nd icators have produced widely d iffering 

results for the same species (Subba et al. , 1 994) .  Review of l iterature clearly 

ind icates that evaluating fodder trees by chemical means alone is not enough .  

There is a need for composite methods i nclud i ng a better u nderstand ing of  the 

factors i nfluencing fodder qual ity, farmer's preferences and conformation with 

chemical methods. 

3.1 .4 Role of forest resources and stal l  feeding animals in the h i l ls  

About 50 % of an imal feed comes from the forest. The forest resources i n  Nepal 

are not only important from the view point of conserv ing the natural 
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environment, particularly land degradation ,  loss of habitat or wi ld flora a nd 

fauna ,  ma inta i n i ng balance of hydrolog ical cycles and natural d isasters ,  but a lso 

as a major source of l ivel i hoods of the people (M ishra ,  1 998) . 

There is a general trend toward decl in ing cattle populations in  Ind ian 

H imalayas, Nepal and Bhutan .  This could be mainly because of decreasing 

feed resources and a decl i ne in areas for open grazing (Tulachan ,  2000). Major 

concern is the decl in ing soi l prod uctivity due to rampant erosion lead ing to 

desertification (M ishra , 1 998). As a result 99 % of h i l l  farmers lack an imal feed 

and are try ing hard to fi nd sustai nable solutions to feed their an imals in  

land locked mountain terrains. 

3.1 .5 Lack of feed and consequences at small farm level 

To overcome the constant lack of an imal  feed , the farmers themselves are 

making changes in the trad itional farm ing system wh ich i ncludes: 

( 1 ) Complete abandonment of the nomadic system of keeping sheep, i n  

response to  lack of grazing pasture 

(2) Migration of rural population to u rban areas and outside the country. 

(3) Change in  free-range system of keeping l ivestock during 1 940s to semi­

i ntensive system unt i l  1 980s and stal l-feedi ng from the year 2000. 

(4) A reduction to 2 to 4 an imals per house hold from 1 0-1 2 an imals during 

1 940s. 

(5) An increasing number of farmers are keeping buffaloes compared with 50 

years ago. 

(6) In  response to lack of meat, i ncreasi ng number of new generation H indus 

of occupational cast, are secretly eating beef, buffalo and pork, where 

slaughtering a cow is pun ishable both by rel igion a nd by law i n  Nepal . 

(7 ) Owing to decreasing carry ing capacity of land , over 2 .4 m i l l ion smal l  

farmers were d isplaced dur ing 1 99 1  to 2001 and they are the cheap 

source of unski l led labour for any country a round the world . The 

percentage of population dependent on agriculture dropped sharply from 

8 1  % to 65.6 % during 1 0  years period 1 995-2000 (Census, 2001 ) .  It is 

not because industries a re growing but because of lack of hope to make a 

l iv ing from small farm ing.  
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(8) During the past n inety years, the h uman population has g rown from 5 .6 

mi l l ion i n  1 9 1 1 to 27. 1 mi l l ion i n  2005 with a consequent populat ion 

density of 38.3 to 1 84 per square km respectively, whereas land areas 

rema in  constant and land productivity is decl i n i ng at the rate of 1 .25 % per 

year. Now small farmers real ise that any continuation of the generations 

old practice of making l iv ing by fel l i ng trees for fodder, fi rewood and t imber 

purposes wi l l  prove to be suic idal  and hence they need to th ink seriously 

about reclamation . 

3.1 .6 Farmers Participating Workshops 

The group approach to development was i nvented and adapted as a principle 

method for solv ing these common problems, where experienced farmers 

conduct a monthly participatory meet ing to decide the su itable course of action 

required for conservation ,  innovation and changes needed to sustai n  l ife in h i l l  

farms. Based on interest, socio-economics and geograph ical locations, a group 

is composed of 5 to 30 members (Kshatri 2000) .  Federation of commun ity forest 

user groups Nepal (FECOFUN)  recorded 1 3000 user groups i nvolving 35 % of 

the total population who are manag ing 1 . 1 mi l l ion hectare of forests (Pokhare l ,  

2005). However, such groups are lacki ng scientific  backup to enhance their 

efficiencies. Community forest refers to a part of national forest, which is 

handed over to forest user groups for i ts development, protection ,  management 

and uti l isation for col lective benefits to local ly selected comm u n it ies. I n  other 

words a group of people cal led a "Forest User Group (FUG)" is g iven rights by 

the Forest Department to manage, use and protect an area of forest land or an  

area of l and  for growing trees (Shrestha ,  2002). 

Obviously, lack of feed particularly d ur ing October to June is the major problem 

for small farmers l imit ing l ivestock health and productivity .  P lant ing a 

mult ipurpose tree is a solution for the renovation of h i l l  farms. F i nd i ng the best 

adapted multipurpose trees capable of producing a d iversified benefit for the 

poor i nhabita nts of rugged terra i n  is a chal lenging question .  Farmers' 

participatory workshops can form the basis for pool ing the i nd ige nous technical 

knowledge for plann ing ,  implementation ,  monitoring and evaluation of the 

components support ing their l iv ing in the local environment (Cramb,  et al. , 2004 ; 

Subba, et al. , 2002) .  Therefore, with the objective of selecting su itable 
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mult ipurpose species, two workshops of local farmers were conducted to 

d iscuss aspects of tree fodder production in the h i l l  farming system of Nepal .  

Specific objectives were to verify: 

• Key research questions: other species better than F. g/aberrima? 

• Participatory methods of selecting multipurpose trees. 

• Tree species prioritised for deta i led i nvestigations 

3.2 Methodology 

To conduct a focus group workshop successful ly ,  i t  is crucial  to decide the r ight 

date , day, ti me, venue and right duration for the resource-poor farmers to gather 

in workshops without compensation .  Any hol idays are su itable as ch i ldren wi l l  

be off school and ava i lable for household chores, whi le parents wi l l  be avai lable 

for the workshop. The i mportant job of m i l king needs to be done by adult 

members and completed by 7 am, therefore 7 - 1 1  am is found to be a suitable 

t ime and duration. A common gathering place such as schoo l ,  tea-shops or 

Chautaree (resting platform for trekkers) is a conven ient venue for the 

workshop . 

A proposal was developed to conduct prel imi nary research on F. g/aberrima i n  

complex smal l  farming systems in  the h i l ls of Nepal a n d  presented in  a series of 

sem inars for comments . The first presentation was done at the semi nar 

organ ised by the Institute of Natural Resources ( I N R) at  Massey University on 

14 August 2003. After incorporati ng the comments from scientists in I N R, the 

mod ified proposal was presented at the 5thNational Animal Science Convention 

on 1 5  - 1 6  October 2003 in Kathmandu,  organ ised by Nepal Animal Science 

Association (NASA).  This provided an opportu nity to incorporate any comments 

from Nepalese researchers .  

Lastly, two workshops were conducted with smal l  farmers at  the research site i n  

western Nepal . Workshop-1 was conducted o n  1 3th October 2004 at the 

beg inn ing of the on-farm research and workshop-2 was conducted five months 

later (on 1 2  March 2005). After vis it ing farmers' homes and d iscussing with 

farmers ,  a suitable com mon gathering place was fixed . A "Chautaree" with large 

F. benjamina tree adjo in ing the trekking road at Garkate of Sunpada l i  v i l lage, 
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Kal ika-6, Kask i ,  Pokhara Nepal was used as venue for both workshops . 

Chautaree is a platform for porters resting for short t ime, genera l ly p lanted with 

F. bengha/ensis , F. benjamina and F. re/igiosa trees for shade. 

To conduct the Focus G roup Workshop (F. g/aberrima) by creating respectful 

environment, among farmers' participants,  ensuring equal participation to 

capture d iverse views and consensus as appropriate, the fol lowing 

chronological steps were adapted before , d ur ing and after the workshops: 

Six months before the first workshop ( 1 9  Apri l 2004) ,  approval from Human 

Eth ics Committee , Massey U niversity ,  New Zealand was obtai ned to  conduct 

the focus group workshops i n  Nepal .  

One month before the workshops , door to door vis its were made to contact 

smal l  farmers to share thei r  views and ask if they were i nterested to participate 

in the workshop to evaluate the importance of fodder trees. A su itable t ime,  date 

and venue were decided and i nformed well i n  advance to all partic ipants . Venue 

was fixed to be an  open area su itable for gathering al l  participants. Twenty mats 

made of rice straw that are good for s itti ng 40 partici pants and stat ioneries for 

record ing outcome of the workshop were arranged . 

During the workshop users '  group members were welcomed ; seats were 

arranged in semi-circular manner so that each partic ipant wou ld  be able to 

contact eyes whi le sharing their experiences. Then ,  an i ntroduct ion outl i n i ng 

steps to be taken and the commun ity participatory rules appl icable d uring 

workshops. P urposes a nd the methods to be used during the workshops 

process were re iterated to the participants . The participating farmers were 

al lowed to share and express their views freely and get clarification of questions 

and options. The same farmers were regu larly i nteracted with for five months to 

share the research results for optimum partici pation .  Care was taken to avoid 

b iases and establ ish harmony with social environments.  Focus group 

Workshops lasted for 3 hours from 008-1 1 00 hours,  on both occasions. 
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3.4 Results 

3.4.1 Background 

The major land use problems identified by members of the Workshop are 

outl i ned in Table 3. 1 .  The three main determinants of the numbers and species 

of trees on farmed land were ; farmers' experience of the effects of trees on 

under - storey crops , the amount and qual ity of the tree fodder produced , and 

the ava i labi l ity of land .  

Table 3.1 Livelihood strategies of  small farmers : problems and consequences. 

S . N  Problems Consequences 

1 Long d rought period of n i ne Soi l  moistu re d rops below critical level and 

months (October to June)  trees start shedding leaves prematurely. 

prevents p rimary production.  Fodder crop that need frequent i rrigation 

can not be g rown .  Green and fresh fodder 

avai labi l ity is l imited to evergreen trees that 

are already lacking .  

2 Land productivity is d ecreasing Straw based , poor qual ity cereal by products 

and ranged from 1 .2 - 5 d ry is being supplemented with 2 - 1 0  kg per day 

matter per hectare for exist ing fresh fodder twigs for a buffalo maintenance 

g round cover and complete and production . Malnourished oxen are the 

reseeding management on ly source for field traction as use of tractors 

respectively (Rajbhandary and is  constra ined by lack of motor roads, narrow 

Shah , 1 98 1 ). terraces and h igh cost. 

3 Adverse effects of lack of soi l  Reduced quantity and the qual ity of ed ible 

moistu re on deciduous fodder biomass per tree and per hectare and hence 

tree causes lengthening of less feed is avai lable for an imals' 

period of dormancy whereas an  consumption .  Under feeding of  animals i s  the 

evergreen tree starts s ingle most serious cause for deterioration of 

senescence and abscissions health and productivity and thereby worsening 

prematurely.  economy of smal l  farmers in  Nepal .  

4 Ch i ldren spends more t ime to Sim ilar to their ancestors, h i l l  farmers in 2 1  

col lecting fodder from forest a n d  century N epal ,  tend t o  be of the same 

less t ime for school homework uneducated and trad itional type and hence 

and final ly dropout from school conti nue to farm in a vulnerable condit ion with 

before they develop ab i l ity to l imited hope for any improvement in their  

read and write standard of future l iv ing . 

4 1  



Chapter 3 Exp . 1  Research priorities set b y  focus group workshops 

5 livel ihoods strategies of hi l l  Vicious circle of poverty conti nued unti l  some 

farmers are complex, d iverse , 
. I specIa" (magical ,  or blissful )  changes takes 

doubtfu l and fragi le .  place . 

Note : Land hold ing 0 .54 ha per cap ita , two buffaloes, two cows and two goats 

and five members i n  the fami ly .  

3.4.2 Inventory of multipurpose fodder s pecies 

A total of 1 575 trees were found to be domesticated and used on the 30 smal l  

farms. I nventories of the number and species of forage trees per farm and of 

the host trees of F. glaberrima whi le i n  the epiphytic stage of development are 

shown i n  Tables 3.2  and 3 .3  respectively. Although 27 species were used as 

fodder trees the mean number of species per farm was relatively smal l ,  and 

only F. glaberrima exceeded mean num ber greater than 3.8 trees per farm 

(Table 3.2) .  

Table 3.2 Types and number of fodder trees per farm. 

Nepal i  Number Mean Std . Std . 

name of Val id M issing Error of Deviation  

Trees Mean 

Badhar 30 0 3 .76 .49 2 .71  

Bans 28 2 2 . 1 4  .23 1 .23 

Bar 6 24 1 .00 .00 .00 

Bedulo 29 1 3 .34 .28 1 . 5 1  

Chi laune 30 0 3 .43 .35 1 .94 

Chip leKaulo 9 2 1  1 . 55 .24 . 72 

Ch iuree 4 26 1 .25 .25 .500 

Chuletro 7 23 1 .28 . 1 8  .48 

Dabdabe 1 6  1 4  1 .43 . 1 2  . 5 1  

Gindari 27 3 2 .48 .20 1 .05 

I pH l pi l  6 24 2.83 .70 1 . 72 

Kathar 7 23 1 . 1 4  . 1 4  .37 

Katus 30 0 3.53 .27 1 .50 

Kavro 28 2 2 . 1 4  .20 1 .07 

Khanayo 28 2 3 . 1 7 . 34 1 .82 

Khari 20 1 0  2.20 .32 1 .43 

Khirrow 30 0 2 .76 .37 2.06 
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Range Sum 

1 1 .00 1 1 3 .00 

4.00 60.00 

.00 6 .00 

5.00 97.00 

8 .00 1 03 . 00 

2 .00 1 4 .00 

1 .00 5.00 

1 .00 9 .00 

1 .00 23 .00 

4.00 67.00 

5 .00 1 7 .00 

1 .00 8 .00 

5.00 1 06.00 

4 .00 60.00 

7 .00 89.00 

5 .00 44.00 

1 0 .00 83.00 
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Kimbu 20 1 0  2 . 1 0  .28 1 .25 5 .00 42.00 

Kutmiro 26 4 1 .80 . 1 5  .80 2 .00 47.00 

N imaro 1 1  1 9  1 .45 .24 .82 2 .00 1 6 .00 

Pakhuri 30 0 7.63 . 90 4 .97 1 9 .00 229 .00 

Peepal 9 2 1  1 . 00 .00 .00 .00 9.00 

Phaledo 25 5 2 .24 .25 1 .26 5 .00 56.00 

Sami 1 5  1 5  1 . 1 3  . 09 .35 1 .00 1 7 .00 

Sunta la 30 0 3 . 56 .40 2 .20 1 0 .00 1 07.00 

Tanki  27 3 2 .03 . 1 7  .89 4 .00 55 .00 

Thotne 27 3 3 .44 .28 1 .50 5 .00 93 .00 
. .  

Note: E= Evergreen;  Farmers ( N )  = total no of respondents participated In workshop;  

Min=min imum number of fodder trees; Max = Maximum n u m ber of fodder trees ,  SD= 

Standard deviat ion, Val id = number of farmers with respective tree species, M issing= 

number of farmers without  hav ing respective tree species 

Table 3.3 Host trees of F. g/aberrima in forest and farms while in epiphytic 
stage. 

Sn Local Botan ical name Advantages Deleterious characters 

name 

1 Khirrow or Sapium insigne Goat feed ,  mu lch , Some people are al lerg ic 

2 

3 

4 

Khirra kitchen cabinet, wood to mi lky sap .  

good for making 

musical i nstrument 

(Sarang i ,  

Madramootoo, & Cox) 

Pakhuri Ficus glaberrima Evergreen: g rows i n  Grows slowly on tree 

Kavro or Ficus loear 

Kauro 

Bedu lo or  Ficus subineisa 

Beru lo Syn: clavata 

poor management, forks as epiphytes . 

have sweet and bitter 

types with smal l ,  

medium and large 

leaves. Produce up  to 

800 kg biomass/years 

itree 

Deciduous fodder Avai lable only for a short 

avai lable during period of 3 months (Apr -

drought period Jun)  

Grows in poor  so i ls  and Smal l  tree of  4 m h igh . ,  

slopes. L iked by  produce about 50  kg 

43 



Chapter 3 Exp . 1  Research priorities set by focus group workshops 

animals fodder /tree/year 

5 N evaro or Ficus roxburghii F. g/aberrima can be Better in  north aspect of 

Nyaro Syn: a uricu/ata used as vegetable h i l ls  at 1 000 to 2000 m 

a lt itude. 

6 Thotne or Ficus hispada Bushy fodder, no need Rough broad leaves 

Tote for c l imbing 

7 Peepal Ficus religiosa Rel ig ious trees, F. New sources of fodder 

8 Bar Ficus g/aberrima al l  year 

bengha/ensis round 

9 Sami Ficus benjamina Evergreen trees 

1 0  Khanyuoo F. semicordata Med ium s ize tree Rough leaves, produce 

only about 1 00 kg fresh 

leaves. 

1 1  Ch iuree Bassia True multi purpose tree, Difficult to propagate by 

butyracea made butter oil out of vegetative means. 

seeds ,  fruits good for 

eating and making 

wine. Leaves are good 

fodder. 

1 2  Faledo Erythrina spp. Good fence for the 

farm. Easy to Upper trunk and 

propagate by cutti ngs branches have con ica l  

pole s ize up to 3 cm prickles . 

dia and 200 cm long . 

1 3  Suntala Citrus spp. Too many branches 

and forks to hold the Orange tree was 

Ficus seed and strangled with in 30 years 

moisture of Ficus g/aberrima 

g rowth. 

1 4  Katus Castonopsis Rough bark with L iked by goats. Buffaloes 

indica ridges. Leaves can be can eat when n oth ing 

eaten mainly by goats avai lable. 

1 5  Ch i laune Schima wallichii Rough bark with 

ridges. Leaves can be 

eaten mainly by goats 

1 6  Kutmi ro Litsea Good fodder tree Termite attacks the trun k  

monopeta/a which looks d ry. 
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1 7  Badhar Artocarpus The best tree fodder, in N eed h igher 

lakoocha terms of animals l ik ing management to get first 

and mi lk  production . harvest of leaves at 5 

About 20 m ta l l  tree. years of age. 

1 8  Khari Celtis australis Medium size tree 8 m Sensitive to drought 

high 

1 9  Tanki Bauhinia Medium size tree 1 2  m N ot competitive with other 

purpurea high .  trees 

20 Gidari or Premna barbata Medium size tree 1 2  m U npleasant odour 

Ganhaune Syn: P. high 

in tegra folia 

P. latifolia 

2 1  Ch iple- Machilus Medium size tree 1 2  m Less palatable 

Kaulo odoratissum high 

22 Kathar Artocarpus Medium to large tree Fruit tree, fodder is  

heterophilus available only when 

th inning is done. 

23 I pi l l p i l  Leucaena Nutritious and easy to N eed h igher 

leucocepha/a cut and carry management and 

irrigation 

24 Chu letro Brassiopsis Medium tree easy to Too much shade 

hainla clim b  u nderneath 

25 Dabdabe Garuga pinnata Medium tree Comparatively less 

fo l iage production 

26 Kimbu Morus alba Small to medium tree Pest problems and low 

easy to cl imb fol iage yie ld 

27 Bans Dendrocalamus About 1 0  metre ta l l  N oth ing g rows 

spp. column and palatable underneath 

leaves 

Note : Su ntala and Kathar are frU it trees and not fodder trees. Leaves, fru it peel 

and bark preferred by goats . 

The seasonal ity of avai lab i l ity of the 27 fodder species is shown i n  Table 3 .4 ,  

l isted under  the Nepalese calendar, and Table 3 .5  ind icates the relationsh ip  

between Nepalese and  E ngl ish calendars.  The year-round avai lab i l ity of  leaves 

from two Ficus species (F. benjamina and F. glaberrima) and two add it ional 

groups of species (Citrus and Dendrocalamus spp . )  i s  clearly seen .  
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A. /akoocha, A. heterophilus and F. semicordata are grown in commercia l  

nurseries from seed .  S.  insigne and E. arborescens are used as poles for 

fencing and become establ ished trees . F. g/aberrima and F. benjamina are 

col lected from the forest when sti l l i n  the ep iphytic stage. 

Farmers' experience of the effect of A. lakoocha intake in  i ncreasing mi lk yield 

of buffaloes was verified du ring the Workshop. 

F. glaberrima was further classified by farmers on the basis of taste (bitter and 

sweet) ,  thickness of leaves (thick and th i n ) , s ize of leaves ( large and broad , 

smal l  or narrow),  a nd leaf lustre (dark and l ig ht). Farmers' perception was that 

the smal ler and darker the leaves the more they were palatable. 

Table 3.4 Calendar of availabi l ity of tree leaves at Sunpadali ,  Kalika-6, Kaski, 
Nepal. 

Botanical name Nepal i  Nepal i  Months start ing A = Asoj ( 1 5  Sep- 1 6  Qct) 

name A K M P M F C B J A S V 

A .  heterophyl/us Kathar x x x x x x x x x 

A .  lakooeha Badhar x x x x x x x x x 

Bassis butyraeea Chiuree x x x x x x x 

Bauhinia purpurea Tanki x x x x x x x 

Brassiopsis hainla Chuletro x x x x x x x 

Castonopsis indiea Katus x x x x x x x x x 

Celtis austrles Khari x x x x x x x 

Citrus spp Sunta la x x x x x x x x x x x x 

Dendroealamus spp Bans x x x x x x x x x x x x 

Erythrina arboreseens Phaledo x x x x x x x 

F. bengha/ensis Bar x x x x x x x x 

F. benjamina (E) Somi x x x x x x x x x x x x 

F. g/aberrima (E) Pakhuri x x x x x x x x x x x x 

Fieus hispida Thotne x x x x x x 

F. /oear Kavro x x x x x x x 

F. re/igiosa Peepal x x x x x x x x 

F. roxburghaii Nemaro x x x x x x x 

F. semieordata Khanyo x x x x x 
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F. subincia Bedulo x x x x x x 

Garuga pinnata Dabdabe x x x x x x x 

L. leucocephala Ip i l  ip i l  x x x x x x x 

Litsea monopetala Kutmiro x x x x x x 

McChilus odoratissum Ch iple-kaulo x x x x x x x x 

Morus alba Kinbu x x x x x x x x 

Premna barbata Gindari x x x x x x 

Sapium inseeigne Khirrow x x x x x x x x 

Schiama wallichii Chi laune x x x x x x x x x 

Table 3.5 Linkage of Nepali  and Engl ish calendar in relation to fodder lopping 
cycle and months in dry seasons i n  the northern hemisphere, Nepal. 

Months Fodder supply period Equiva lent date i n  Engl ish 

A. lakoocha F. glaberrima Pastu re Calendar 

Baisakh x � x B = 1 3  Apri l to 1 3  May 

Jestha x � x J = 1 4  May - 1 2  June 

Asar x � ..j A = 1 5  June to 1 5  Ju ly 

Shrawn x x ..j S = 5July to 1 6  August 

Bhadau x x v B = 1 7  August to 1 6  September 

Aswin � ..j ..j A = 1 5  September to 1 6  October 

Kartik v v v K = 1 7  October to 1 5  November 

Mangsir � � � M= 1 6  November to 1 5  December 

Poush v v x P = 1 6  December to 1 3  January 

Magh x � x M = 1 4  January to 1 1  February 

Fagun  x � x F = 1 2  February to 1 3  March 

Chaitra x v x C = 14  March to 1 3  Apri l 

v = months of harvestin g A. lakoocha and F. 9 laberrima p asture in farmed land of mid h i l ls 

Nepal ;  x = months when fodder and pasture is not avai lable for cut and carry system 

Note: This information is appl icable to 600- 1 500 masl altitude i n  h i l l  farm ing 

system of Pokhara. 

3.4.3 Research recommendations 

Four forage tree species (A. lakoocha, F. benjamina, F. glaberrima,  B. 

butyracea) were selected for further study, with the expectation that other 

species cou ld be stud ied later depend ing on resource avai labi l i ty .  Table 3 .6  l ists 

the characteristics used in making this selection ,  and the species ranking in  

each category . S ix  tree species (F. glaberrima, A.  lakoocha, Citrus spp ,  
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Castonopsis, Schima wallichii and Sapum insigne) were grown by al l  farmers ,  

but  on ly  the first two species were considered for priority research as the other 

four  were not important as fodder for buffaloes . 

Table 3.6 Purposely selected multipurpose fodder tree species and criteria 
applied by farmers for selection. 

Desirable attributes Fodder tree species 

AI Fb  Fg  B b  

Year round fodder supply 3 1 1 4 

Soi l  conservation properties 4 2 1 3 

Propagation through seeds 1 4 2 3 

Propagation through cuttings 3 1 2 4 

B iomass (kg )/ year 3 2 1 4 

Preferred by farmers 1 4 3 2 

Liked by an imals 1 4 2 3 

Raise mi lk  yield in buffalo 1 4 3 2 

Ease of lopping 4 1 2 3 

Growth rate 1 4 3 2 

Hardy to adversities 4 2 1 3 

Overal l  score and Rank 26=B 29=C 2 1 =A 33=0 

Note: Rank by number: 1 =Best, 2=Better, 3=Good, 4=Falr 

AI = Artocarpus /akoocha; Fb = Ficus benjamina; F. g/aberrima = F. g/aberrima; Bb = 

Bassia butyracea 

3 .5  D iscussion 

3.5 .1  Use of forage trees by farmers 

Participatory workshops were i nstrumental for selecting  suitable m ultipurpose 

trees for future research and development. Farmers' perceptions were based on 

centuries old experience of using fodder trees and hence usefu l for evaluating 

the trees species in requ ired deta i l .  I t was concluded that palatable,  nutrit ious 

and d rought hardy evergreen fodder tree species wil l be helpful for the 

renovation of degrading hi l l farms. Before decid i ng to i nvest in  large scale 

planti ng,  it is important to prove comparative benefits of the d ifferent trees 

avai lable .  Farmers' methods of comparing the fodder trees are based on the 

effect of planted trees on understorey crops(Oouglas et al. , 2006), an imal i ntake 

of a particular fodder species and its effects on qual ity of health and 
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productivity. Qual ity factors known to farmers' were leaf age, season ,  texture , 

bitterness , toxici ties , values, tree-crop interaction and degree of management 

needed to grow a tree to its fu l l  maturity. I t  was also apparent that some species 

were preferred by small rum inants whi le others were preferred by large 

rum inants. Therefore, species of animal and stage of lactation were i mportant 

factors when decid ing which tree species were to be harvested for the day. For 

example Artocarpus lakoocha is  g iven only to lactating an imals whi le Sapium 

insigne is g iven only to goats. 

Price of browse is an important factor to be considered d uring the select ion 

process , though buying and sel l i ng of fodder is a new practice at the research 

site. B rowse is sold whi le  on the trees and general ly  it is the responsib i l ity of the 

buyer to cl imb the trees and cut and carry branches to requ i red desti nations 

where sta l l  feed ing is the main practice . Price is fixed by the number of Bhari 's 

(approximately 30 kg bundle) of browse produced last year as it i s  d ifficult to 

est imate just by looking at the trees . D istance from the tree to where it is being 

used , qual ity and approximate weight of leaves, lopping dates and how easy it 

is to cl imb the tree (tree arch itecture) are the factors associated that affect the 

fodder price . Trad itional practice of exchanging tree browse with 1 - 5 kg of 

ghee based on the size has now been replaced by sel l i ng in  cash .  U nt i l  1 990 

only A. lakoocha was in h igh demand but, it was revealed at the workshops that 

after 1 990 Ficus glaberrima also started fetch ing a commercial price . 

Managing fodder tree on the risers and bu nds of farmed land is compl icated by 

wide differences in tree-crop i nteractions as crops under some species of tree 

canopy wi l l  be reduced in qual ity and quantity. Also, not a l l  the domesticated 

trees have desirable attributes. Consideration of criteria in tree selection 

programmes based on farmers knowledge can be envisaged as resu lting in 

exp l icit selection of species and genotypes that may be com patible with 

requ i rements for incorporation of trees into local farming systems (Thapa et al. , 

1 997b). 

The great majority of tree species used by farmers are new to research and 

therefore , lacking i n  scientific data. Farmed land a lone i n  Kal ika-6, Sunpada l i ,  

Kask i ,  Pokhara recorded 27 species and the  vast majority of other species are 
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in the forest which is beyond the scope of this study .  G iven the resource 

constraints , it was agreed by the workshop participants it is practical to select 

the top four  species that have requ i red characteristics for further research and 

development. By way of "learn ing by doing" ,  more species cou ld  be tested and 

promoted to establ ish trees in risers, bunds and degraded h i l ls .  H igh potential 

for further selection research is ind icated by the existing biodiversity in the h i l ls .  

For selection and priorit isation of mu lti-use trees, most of the ind icators of 

fodder qual ity were based on the appl ied environmental p hysiology of trees. 

These i nd icators were easily observed by farmers in  the context of their 

experience, cl imatic stress and extreme environmental cond it ions .  Some fodder 

qual ity characteristics defined by farmers can be easi ly inferred (for example 

coarse leaves and fodder palatabi l i ty) , whi le others could not (for example leaf 

bitterness and m i lk  and/ or ghee production) .  F. glaberrima alone was classified 

by farmers on the basis of taste (b itter and sweet) ,  thickness of leaves (th ick 

and thin )  and size of leaves (big or broad and small or narrow) and lustre of 

leaves (dark and l ight) .  Farmers' perception was that smal ler and darker leaves 

were the most palatable.  This suggests a h igh degree of empi ric ism in farmers 

knowledge and that the i nd icators of tree fodder that they use may not be 

capable of d ifferentiati ng new types of tree fodder or how to use existing types 

in d ifferent ways, therefore there is a need for alternative methods of evaluation 

involving use of an imals for select ing the fodder and advanced chemica l  

analysis to enhance the qual ity of selection (Thapa et al. , 1 997b) .  

Mu ltiuse is the main reason for preferring F. glaberrima. Over one mi l l ion small 

farm fami l ies (Tota l :  4.98 mi l l ion people) located main ly around western 

Pokhara Nepal a re using F. glaberrima trees as fodder, firewood , fence 

materia l ,  fibre, furnitu re ,  m inor t imber, erosion control and conservation of soi l 

nutrients . Thus, farmers started plant ing F. glaberrima to compensate for the 

fad ing forest resources and to renovate the degrad ing h i l l  farming system.  

Tradit ional ly, bigger s ize poles of  F. g/aberrima col lected from tree forks i n  the 

forest whi le in the epiphytic stage of growth or rooted by layering (Tiwari , 1 994) 

were planted along with fencing poles for lasting resu lts. 
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Aiming to reduce the effects of land sl ides with in  the farm terraces in the h i l ls ,  F. 

g/aberrima is also planted on the risers and bunds. Land wh ich is the neglected 

part of farm and general ly not fit for repeated cultivation and other purposes is 

being used for planting F. g/aberrima. Planting is com mon on areas that a re 

steep and narrow and where it is d ifficult to make terraces using two bu l locks 

harnessed with a wooden plough (Kshatri , 2003) .  Another reason for planting 

trees on steep land is to avoid fencing practices as the slope is too steep for 

large an imals to reach. 

During the 1 970s al l  fodder tree plants were sourced from natural ly grown 

seed l ings from the forest. With decl i n ing forest and increasing demand for 

seed l ings ,  some farmers have started nursery busi nesses. 

Farmers have certain preferences regard ing the fodder trees based on 

avai labi l ity and qual i ty of fodder during the dry season ( Khare l ,  et al. , 2000). F. 

g/aberrima seed l ings grown on a fork or holes of A. /akoocha (AI) and the F. 

glaberrima itself were uprooted and replanted . A t iny seed of F. g/aberrima 

germ inates on the fork of any tree and starts its l ife as an epiphyte (Kew, 2003) 

and establ ishes natural ly after strangl i ng the host trees. Host tree can be a 

common fodder tree or other species (Table 3 .3) .  F. g/aberrima is such an 

expertly epiphytic tree that it is selected by nature and thriving well i n  H ima layan 

footh i l ls .  So far no research has been done on any aspects of F. g/aberrima a nd 

hence this is a pi lot project to explore and describe the potential of F. 

g/aberrima and open the door for further research on its mult ipurpose uses. The 

ult imate aim is to find  ways and means of ra ising the primary production in h i l l  

farms. 

3.5.2 Relevance of invasive species in restoring productivity of degraded 
hi l l  farms 

Some trees are better than others in terms of adapting to adverse cl i matic 

conditions and their mult ipurpose uses in resource poor areas of Africa and 

Asia. F. glaberrima i s  one such promis ing tree contribut ing to the household 

economy of smal l  farmers.  With respect to surviving and establ ish i ng by itself in 

adverse cond itions, F. glaberrima clearly demonstrates its abi l ity as the "F ittest 

tree in the poorest terrain" .  However, F. g/aberrima is said to be a n  invasive tree 
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with in the forest. Those trees that a re able to survive reproduce and spread 

una ided ,  and sometimes at alarming rates , across the landscape are said to be 

invasive (van Wilgen et al. , 2001 ) . However, in Nepal farmers are getting more 

benefit than harm from epiphytic or i nvasive attributes of F. glaberrima.  This 

study aims to evaluate and prioritise those trees that are commonly avai lable in 

smal l  farms, easy to grow and establ ish and are good for fodder, firewood , and 

natural conservation particu larly in the harsh h i l l  farms of Nepal . 

Resu lts clearly ind icate that 1 00% of the focus group workshop participants 

represent ing resource poor small farmers from the h i l l  farming system of Nepal 

are growing several kinds of trees for fodder, firewood , fencing material and 

minor timber purposes i n  their farmed land . It is obvious that without trees they 

cannot cook food and they cannot feed thei r  stal l  confined animal as there is no 

alternative source avai lable. Stal l feed ing has been the only option to keep 

animals i n  the h i l ls  of Nepal for the past three decades. 

F. glaberrima is a "double standard tree" because it is a multipurpose tree for 

mi l l ions of farmers in  Nepal ( Kshatri , 200 1 ) ,  whereas for western ecologists, it 

is an invas ive and strangl ing Ficus species (Corner, 1 978) .  I nvasive species 

and the ensu ing homogenization of the world's biota , form a global problem with 

consequences ranging from the decl ine and extirpation of native species to 

threats to human health (Puth & David , 2005). However, as real ised by the h i l l  

farmers in  Nepal , it does not say anyth ing about l ife saving properties of F. 

glaberrima.  Thus it is hard to recognize and understand the d ifferences 

between an invasive F. glaberrima tree becoming a multipurpose one.  

Advocating promotion of i nvasive F. glaberrima tree helps su pport the cause of 

generating  l ivel ihood in degraded h i l l  farms. Therefore, this study focused 

main ly on comparisons of beneficial aspects of F. glaberrima with other fodder 

trees. 

Establ ishing mu ltipurpose trees is a low cost answer to the problems of 

degrading h i l l  pasture that is leading to a chron ic lack of a nimal feed.  To provide 

lasting ecological services , users' involvement is v ital at  al l  steps of restoring 

productivity of degraded h i l l  farms 
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Despite its mu lti-use, F. glaberrima potential for fodders has never been 

investigated; as a resu lt no basis is available for com pari ng and priorit ising the 

usefu lness and research need of d ifferent trees being domesticated.  Thus,  

knowledge gaps sti l l  remai n  as to what to plant, how to plant, where to plant a nd 

for whom to plant. These need to be solved before decid ing further investment 

on large scale planting . Animals are u lt imate users of selected tree fodder and 

poorly preferred species could decrease an imal performance (McKinnon, et al. , 

2000) .  Therefore , this research is a p i lot project a im ing to answer those primary 

questions during PhD study and open the door for further research on the 

usefu lness of F. glaberrima and its role for revital iz ing the col lapsing hi l ls and 

mounta in  ecosystem. 

Animals, particu larly buffalo in this case , are the end users of trees being 

selected . As a result sustainable production of mi lk ,  meat, d raught-power for 

field traction and manure for ferti l is ing the h i l l  terraces is maintained . Thus ,  a 

buffalo is  the most precious m ultipurpose animal i n  Nepalese households. The 

number of buffa loes owned by a farmer is ind icative of h is socio-economic 

status in  the commun ity. 

Among several fodder trees natural ly being grown in Sunpada l i  vi l lage of Kal i ka-

6, Pokhara Nepal, a s ingle tree of F. glaberrima can produce 800 kg fresh 

edible b iomass per year inclus ive of branches , twigs and leaves and continue to 

produce for over a 1 00 years . It takes 5 to 1 0  years before farmers can get 

thei r  first lopping from a tree . Starting from a tiny seed in the nursery planti ng,  

protect ing the seedl ings, transplanting management and final establ ishment of 

an evergreen fodder tree takes time and money. A transect walk showed that 

about 50% F. glaberrima trees in Kal ika-6 , Su npadal i ,  Pokhara ,  Nepal were 

growing and establ ish ing una ided . Also, farmers are actively partic ipating in  

select ion of  su itable trees for reclamations of  eroded land . At th is  point a s im ple 

mod ification of the tradit ional practice of growing F. glaberrima will hasten the 

efficiency of ecosystem reconstruction .  

Based on farmers classifications and visual observations of clear d ifferences in  

growth of  new leaves in  a particular date three d istinct varieties of  F. glaberrima 

were identified.  These Ficus varieties imply that they can be lopped at d ifferent 
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dates supplying relatively balanced qua l ity of leaves in terms of leaf age over a 

longer period of dry seasons. 

3.5.3 Farmers views on time of lopping.  

Workshop d iscussions on the time of lopping of  tree fodder is as fol lows: 

Table 3.7 Farmers perception of the time of lopping with in a day and qual ity of 
fodder. 

Farmers usual ly found to be lopping their fodder trees between 5am in the morn ing to 

7pm in the even ing .  B ut there is no fixed t ime for lopping . 

During the d ry season when d ry winds dehydrate tree leaves, t ime of lopping with in a 

day has its role on health of standing tree and qua l ity of browse lopped . 

Farmers select a su itab le time for lopping b ranches based on several factors which 

have d i rect effect on dai ly chores, such as cook ing ,  sending chi ldren to school ,  fetch ing 

water and col lect ing firewood etc. 

Browse lopped before noon (05 to 1 200 h rs )  lose considerable leaf moistu re by 

evening which may change palatabil ity , i ntake and possibly nutrients . If branches are 

lopped 5 am and given to buffaloes at 7pm,  it exposes the leaves to dehydration for 1 4  

hours making leaves very d ry. Covering branches with straw mats soaked i n  water and 

a lso spraying water on fodder leaves wi l l  p revent s uch d rying to some extent. 

Afternoon ( 1 200 to 1 900 hrs )  lopping redu ces the leaf water loss by reducing exposure 

to the dry air. 

I n  most cases freshly lopped branches are palatable and preferred over d ried ones, 

whereas in cases of Machilus odoretissima (Kaulo) wilted leaves were p referred over 

fresh ones. It ind icates that some species a re p referred by rum inant an imals  after a 

period of wilt ing or  seasoning .  

To avoid the da i ly  r isk  of  cl imbing trees for lopp ing ,  Artocarpus lakoocha branches can 

be lopped once a week and continue to feed for 7 days to lactating buffaloes. However, 

browse needs to be stored in a relatively cold and p rotected area beyond the reach of 

d ry wind and d i rect sun l ight. Spraying of water on leaves and than covered with wet 

straw mat or g u nny bags wil l  prevent moisture loss from browse. 
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3 .6  Conclusions 

Focus group workshops were helpfu l to use farmers' ind igenous knowledge for 

select ion , identification and priorit isation of multipurpose fodder tree for further 

research and planting to provide lasting ecological services to them.  The 

research recommendations based on the outcomes of the workshop 

d iscussions are summarised in Table 3.8. 

Table 3.  8 Practical research ideas identified during farmers participatory 
workshops for evaluation of fodder trees. 

Method 

Evaluations based on users 

participations (Chapter 3 )  

Focus group workshops; Participatory Rura l  Appraisal 

(PRA) Farmers experience on mult ipurpose role of 

Ficus browse, its n utrit ion, biomass p roduction and 

ease of propagation were d iscussed recorded . 

Method 2 B iomass production :  A comparison between 

Evaluation based on adoption Artocarpus /akoocha and Ficus g/aberrima biomass in 

to local environment the h i l l  fa rming system around Pokhara Nepal .  3 

(Chapter 4)  elevations x 2 species x 5 tree as repl ication . 

Method 3 Low cost rooting media for propagation : coarse sand , 

Evaluation based on cheap commercia l  media and 50% by volume mixed sand 

and s imple media for and commercial media = 9 treatment combinations. 

propagations (Chapter 5 )  3x3 factorial RCBD.  Effect of  rooti ng media on  rooting 

of F. benjamina cutt ings and b iomass production of 

two year old trees. 

Method 4 S heep as ult imate users of browse selecting their best 

Eva luation using small feed . 

ruminants' sheep (Chapter 5 )  F. benjamina, Poplar, and Wi l low as  supplementary 

n utrition d u ring d rought .  3 species x 4 time offered 

u nbalanced Latin square design . 

Method 5 

Evaluation using 

ruminants (Chapter 6 )  

Leaf age and  senescence of  F. benjamina wi l l  be 

analysed against rooting media  used for propagation 

Effects of F. g/aberrima i ntake on mi lk  qual ity of 

large buffa lo. 

Six lactat ing buffaloes wil l be fed on 3 treatment d iets 

i nvolving ad l ib  amount of F. g/aberrima (T1 ) adl ib 
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amount of A. lakoocha (T2) and 3kgDM F. g laberrima 

+ rice straw up  to appetite (T3) ,  wi l l  be a lternatively 

for three periods of 1 0  days with 1 0  days adoption for 

a total period of 60 days. Concentrate @ 1 .5 kg/day 

wi l l  be g iven to al l .  Research Design: 2 (3x3)  Latin 

square for m i lk  yield comparison .  

Most of the indicators of fodder qual ity were based on appl ied environmental 

physiology of trees wh ich were easi ly observed by farmers dur ing generations 

of practice in  the context of their experience,  cl imatic stress and extreme 

environmental cond it ions . P lant hard i ness , ab i l ity of plants to produce h igher 

biomass during the dry season ,  ease of propagation (epiphytic types) and effect 

of i ntake on qual i ty of l ivestock product were basic ind icators with a h ig h  degree 

of empiricism based on practice . 

I n  conclusion ,  the top four fodder tree species prioritised for deta i led study 

were : F. glaberrima (Fg) ,  A. lakoocha (AI ) ,  F. benjamina (Fb) and Bassia 

butyracea (Bb). Research can be focused on  the deta i led study of these 

selected species so that m i l l ions of farmers practicing stal l  feeding with a cut 

and carry system wi l l  benefit. 
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CHAPTER 4 

Eva l u ating fodder trees in  Nepal  after five decades 

of loppi ng 

4. 1 Introduction 

This chapter is based on the users' participatory workshops and evaluation of 

nutritious fodder species described previously (Chapter 3), where the 

commun ity need for select ing and prioritis ing the adapted mult ipurpose trees 

was h igh l ighted . This study verified the farmers experience and evaluation of A. 

lakoocha and F. glaberrima by empirica l  means. Overexploitation of natural 

forest is creating havoc in the hil l farming ecosystem in Nepal (Rajbhandary & 

Shah,  1 981 ) .  Degrading land productivity has resu lted in  a severe lack of an imal  

feed that has led l ivestock and forest researchers to search for and develop 

new methods of reviving the productivity of existing land (Banstola,  et al. , 2003; 

Kshatri , 2003). Among 27 species found planted sparsely in the farmed land,  

the top two species selected for th is study were, A. lakoocha and F. glaberrima 

as they are grown by a lmost 1 00% of small farmers in  western hi l ls (Chapter 3) .  

To make sure that a tree can be lopped for 1 00 years , trees already lopped for 

the last 50 years or more and expected to l ive as many years more were 

evaluated using farmers workshops (chapter 3) .  

Therefore , th is study wi l l  provide information to farmers , planners and decision 

makers that wi l l  assist i n  the judgment of the value of d ifferent fodder tree 

species. It wi l l  also identify the key factors on which decisions can be based to 

qual ify tree species su itable for planting in the specific locations and quantify 

the proportion of species to be planted for reconstruction of the h i l l  farm ing 

ecosystem .  The aim here is to document the effects of altitude on d iameter at 

breast height (DBH),  canopy d iameter (diameter = rad ius  x 2) ,  height of the tree 

and the edible biomass production and crude protei n  production per tree per 

year of establ ished F. glaberrima and A. lakoocha trees aged 50 years and 

older in  mountain ecosystems of Nepal . The result can be used to compare 

values of F. glaberrima and A. /akoocha and other fodder tree species avai lable 

in  the farmed land. 
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Specific objective : Comparisons of ed ible biomass production potential of F. 

giaberrima and A. lakoocha at d ifferent alt itudes i n  Pokhara Nepai .  Th is 

objective wi l l  be used to answer the fol lowing questions:  

Are there any d ifferences between two species in terms of qual ity, quantity and 

period of fresh biomass produced at d ifferent alt itudes around Pokhara, Nepal? 

Does F. glaberrima produce sign ificantly h igher ed ible biomass and crude 

protei n  i n  comparisons to A. lakoocha particularly during the d riest months of 

March to June? 

4.1 . 1 Reasoning for the selection of fodder tree species 

The need for natura l  resource management and the chal lenge to feed the 

increasing popu lation brings forward fodder trees as nature's sustainable 

alternative to l ivestock feeding (Kaphle & Devkota , 2000) .  In the farmland of 

eastern plain area of J hapa and Sunsary d istrict of Nepa l ,  A. lakoocha ,  

Dendrocalamus spp and  F. glaberrima were among the top three preferred 

species (Upadhyay, 1 992) .  Four reasons g iven for selection of F. glaberrima are 

; 1 )  its abundance i n  the h i l l  farms from t ime i mmemoria l ,  2) h ighest biomass 

production among fodder trees 3) relatively unaided spread ing of species and 4 )  

resistant to cont inuous lopping for five o r  ten decades. The reason for selecting  

A. lakoocha as  the most preferred fodder species (Upadhyay, 1 992) was i ts 

abi l ity to increase m i l k  yield when fed to lactating buffaloes (Personal 

commun ication with workshop farmers on 1 2  March 2005).  Plant ing a tree has a 

l ife long beneficial  effect i n  the household economy of farmers.  Thus, it is better 

to make informed decisions and plant the right species than to regret i t  later. 

The meagre i nformation available on tree fodder is not adequate to make 

informed decisions and farmers are planting d ifferent types of fodder trees on  

their farmed land  (Kshatri , 2003) without knowing their qual ity. This chapter 

expla ins the physical ind icators such as tree trun k  d iameter at breast height 

(DBH) ,  canopy diameter, tree height a nd ed ible biomass production per tree. I n  

add it ion , there is a brief qual i tative explanation o n  the effects of canopy on  

u nderstorey forage production,  which helps value  judgement between A.  

lakoocha and F. glaberrima i n  the h i l l  farming ecosystem of  Nepal and  decide 

farmers to suitable species to plant i n  thei r  farms .  
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4. 1 .2 Location 

The research site was located 21 0 km west of Kathmandu,  about an hours walk 

from the gravel road.  The precise address is Sunpada l i ,  Kal ika-6, Kaski 

Pokhara Nepal . Elevations covered by this research were 800 to 1 440 masl 

( 1 000 ± 500m) .  This m idh i l ls area has a concentrated popu lation of humans and 

an imals ( Rajbhandary & Shah ,  1 98 1 ) .  Trad it ional manual cultivation is a 

common practice and there is no mechanisation of a ny kind at the research site .  

Plate 4.1 

4.1 .3 Soils 

Research site, Sunpadali vi l lage in Kal ika-6, Pokhara,  Nepal located 
at 800 to 900 masl.  Sparsely planted fodder trees can be seen in  
terraced farm. 

The surface soil and subsoi l  is red greyish-brown fi ne sandy loam but compact. 

Organic matter is low and fert i l ity is low. The soil is main ly acid ic and pH is less 

than 5 in  most areas. Rainwater run-off is a problem ,  which does not a l low ti me 

to percolate water to root zones. Erosion is a serious hazard . 

4.1 .4 Cl imate 

Average annual precip itation in Pokhara Nepal is based on t ime of arrival of 

monsoon and varies with months (see Map 2 in  Appendix 2) .  I n  the years 2000 
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to 2003, most ra i n  was fou nd concentrated i n  six month from May to October. 

H ighest ra infal l  of 89 cm was received in  August and lowest of 1 7  cm was 

received in October. Pokhara receives the h ighest annual ra i nfal l  i n  Nepal .  The 

average annual ra infall is about 3 ,580 mm and it occurs main ly from May to 

September (Bogati , 2006). L ikewise lowest and h ighest yearly average 

temperature varied between 3 to 37° C in Pokhara .  The experimental area 

receives some frost each year. Temperature in land locked mounta in  terra i n  is a 

determinant of biomass p roduction (see Map 5 i n  Appendix 2 0) .  A d ifference of 

1 00 m i n  altitude yields ±0.5° C d ifference in  environmental temperature . Winter 

is cold and dry and su m mer is hot and wet. 

4.2 Methods 

4.2 . 1  Altitude stratifications 

Three altitude strata were identified i n  the h i l l  farming system each strata havi ng 

200 masl d ifferences (see Map 2 i n  Append ix 2) .  The h ighest and the lowest 

altitude where both species of trees were found were 1 440 m and 800m ,  

respectively. Thus the experiment was scattered over 640 m altitude i n  the h i l l  

farm i ng ecosystem of Pokhara. Altitude strata were d ivided as fol lows with 

h ighest strata hav ing 240 m compared to 200 m for med ium and lower strata 

(Table 4 . 1 ) .  

Low a ltitude below 800 to 1 000m 

Med ium altitude 1 000 to 1 200 m 

H igh altitude 1 200 to 1 440 m .  
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Plate 4.2 Silvipastoral system facing Southeast in western h i l ls  of Arba-6, 
Amalachaur, Kaski ,  Pokhara Nepal . 

4.2.2 Survey in  Pokhara Nepal 

Survey area selected was ward no-6 of Kal ika, Vi l lage Development Committee 

(VDC) . Midh i l l  farms represent the common h i l l  v i l lage condit ions typical to h i l l  

farming system of Nepal  (Pariyar, 2006) .  Average population and area of Kal i ka 

VDC is 4428 and 24.7 square km (Bogati , 2006), respectively. The d ifference i n  

elevat ion from Garkate , Bijayapur Khola (800m) Kal i ka-6 to the top of Ka l i ka-Kot 

( 1 440m) was 640m.  To stratify the altitude in to three belts , with equal number of 

F. glaberrima and A.  lakoocha, a survey was conducted by trekking and visits to 

farmers' homes from al l  strata of the h i l l  farmi ng ecosystem .  The vis its were 

continued unti l  27 trees of F. glaberrima and 27 trees of A. lakoocha were 

identified and procured for the experiment. 

A total of 54 trees (9 trees x 3 altitudes x 2 species of fodder trees) were 

procured.  All trees identified were above the age of 50 years in the mounta in  

ecosystem of Pokhara Nepal . Tree fodder selection criteria associated with year 

rou nd supply of fodder, h igher DM production per tree per year and ease of 

lopping were h ighl ighted in chapter 3. Tree age was determined by the farmers' 

d iscussion in workshops. 
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4.2.3 Experimental design 

Table 4.1 Trial arrangement in  split plots with three blocks (altitudes) for 
evaluation of edible biomass production from 50 years old trees 
growing in 300 _ 700 slope land between 800 - 1 440 m (metre above 
sea level = m) in  the hi l l  farming system of Nepal .  

Altitudes Trees Block-A Block-B Block-C 

A. lakoocha (AI) AI 1 ,AI2,AI3 Fg 1 , Fg2 ,Fg3  AI 1 ,AI2,AI3 

1 200 to 1 440 F. glaberrima (Fg)  Fg 1 , Fg2 , Fg3 AI 1 ,A12,AI3 Fg 1 ,Fg2, Fg3 

A. lakoocha (AI) Fg 1 , Fg2,Fg3 AI 1 ,AI2,AI3 Fg1 ,Fg2 , Fg3 

1 000 to 1 200 F. glaberrima (Fg)  AI 1 ,A12 ,AI3 Fg 1 ,Fg2 ,Fg3  AI 1 ,A12,AI3 

800 to 1 000 
A. lakoocha (AI ) AI 1 ,AI2,AI3 Fg 1 , Fg2 ,Fg3  AI 1 ,AI2,AI3 

F. glaberrima (Fg)  Fg1 , Fg2 ,Fg3 AI 1 ,AI2,A13 Fg 1 , Fg2, Fg3 

Note: A11 , A12,  AI3 and Fg1 ,  Fg2, Fg3 i nd icates three trees I n  each plot 

4.2.4 Data ana lysis 

The data col lected were analysed by s imple spl it-plot analysis of variance 

(ANOVA) using RCBD with fixed blocks in the General L inear Model (GLM) 

procedure of the Statistical Analys is System (SAS, 200 1 ) . A spl i t  p lot design, 

with three repl icate b locks; compris ing altitude as main plot and species as 

subplot was used to analyze the effect of a ltitude on tree d iameter at breast 

height, canopy rad ius  (diameter = rad ius x 2) ,  tree height ,  y ield of edible 

biomass and crude prote in per tree . Separation of means was based on altitude 

and species and subjected to test at 5 % level us ing least s ign ificance 

d ifference (LSD)  technique. Also, Microsoft Office Excel was used to prepare 

and manage the data before analysis using SAS . A total of 54 sample 

observations that including 27 each for A. lakoocha and F. glaberrima were 

taken for analysis. 

4.2.5 Lopping period 

General ly, lopping of trees for fodder purpose is a year round activity of rural 

farmers in Nepal with low frequency during summer when grass is abundant 

(Chapter 3). The main lopping period starts from 30 September ( 1 5th Asoj = 

Nepal i  month) this is when monsoon ra in  stops and d ry and cold winter starts . 

Pastures and farms i n  the h i l ls become brown and dry and hence noth ing green 

is left on the ground for grazing animals .  Farmers need to manage an imal feed 

resources based on what is avai lable.  Then farmers start lopping deciduous 
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fodder tree first, saving the evergreen tree as a future security to be used duri ng 

the d riest months of March to June in the fol lowing year. 

Since the feeding value (Chapter 6) of evergreen F. glaberrima is  being 

compared with deciduous A. lakoocha,  this experi ment had to be completed 

before February. After February leaves of the deciduous browse species A. 

lakoocha wi l l  not be ava i lable. Therefore ,  lopping period for A. lakoocha i s  

l im ited to 6 months between September to February, whereas F. glaberrima can 

be avai lable for rest of the dry period . 

4.2.6 Quantification of edible fodder biomass per tree 

Quantification of browse prod uced by each fodder tree was by weigh ing the 

fodder lopped for stal l  feed ing an imals. In case of A.  lakoocha, leaves d ropped 

wh i le lopping were col lected in a gunny bag and recorded as part of edible 

biomass produced per tree. There was no problem of col lecting d ropped leaves 

in evergreen F. glaberrima. 

In th is experiment the lopping of A. lakoocha was started on 23 November 2004 

(08 Mangsir) and continued for 1 1 0 d ays u nt i l  1 2th March 2005 (29 Phagun )  

beyond which the nutritional qua l ity of leaves wi l l  b e  i nferior as they mature . 

Normally shedd ing of A. lakoocha leaves is completed by the end of March. For 

efficient ut i l isation of leaves , farmers fin ish lopping and feedi ng one month 

before 1 2th March (29 Falgun) .  

4.2 .7 Identifying the age of the trees for research 

Age of the tree was identified based on  owners report and those farmers older 

than 60 years of age as witnesses ; no records were avai lable as to when the 

trees were planted . 

4.2.8 Measurements of tree components 

Five main com ponents of tree architecture were measured :  tru nk  d iameter at 

breast height (DBH) ,  branch extension (canopy radius) ,  tree height, edible 

biomass and crude protei n  production per tree per year were measured . 

Edible biomass of the tree mainly includes smal l  twigs with leaves, figs and bark 

on them . Large ru minants such as lactating buffaloes can eat thick d iameter 
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twigs .  Length and d iameter of twigs considered edib le in th is case vary from 30 

to 1 00 cm in length and 0 .2 to 1 .9 cm in d iameter, respectively. As per 

preva i l ing common practice in  the mid h i l ls of Nepal , lopp ing percent varies with 

species where 1 00% twigs of A.  lakoocha and 80 to 90% twigs of F. glaberrima 

wil l  be lopped. A fodder tree could be lopped over a day or  i t  may take a couple 

of weeks or a month depending upon the s ize of fodder tree and the number of 

an imals to feed on the browse . Diameter at breast he ight (DBH)  was measured 

at 4.5 ft ( 1 .37 m)  above g round level . Special ly cal ibrated tape cal led a d iameter 

tape suppl ied by G lobal Supply Ud ; Germany was used . 

4.2.8.1  Branch extension 

Extension of tree fodder branches was measured as a rad ia l  d istance from the 

base of the tree to the perimeter of the canopy. Measuring tape ( 1 00 m 

capacity) was used for th is purpose. "Canopy d iameter" and "diameter = rad ius 

x 2" were used to express the horizontal g rowth of  branches. 

4.2.8.2 Height of the fodder tree 

Slope/height of the tree was measured using a cl i nometer (SUU NTO Tandem 

combination com pass/cl i nometers) .  U pper and lower angles observed on top 

and base of the tree were recorded . Also d istance between  centre of the base 

of tree trun k  and feet of the observer was taken .  Then the heights (H) of the tree 

were calculated using Pythagoras formu lae (F igure 4 . 1  ) .  
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Figure 4.1  Measurement of tree height and formu lae used. 
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4.2.8.3 Edible biomass production per tree 

Weight was taken using a spring balance with capacity to weigh up to 1 00 kg . 

Fifteen samples from each species were oven dried and weighed for O M  

analysis ( ISO-6496, 1 999). Total browse that included leaves a n d  edible smal l  

branches and figs produced by each tree were lopped , weighed and recorded 

before feed ing to buffa loes. 

4.2.8.4 Crude protein (CP) production per tree 

Fodder samples were col lected from 1 5  trees each from A. lakoocha and F. 

glaberrima species and analysed using Kjeldahl methods ( ISO-8968- 1 ,  200 1 ) . 

Means of 1 5  observations were used to convert the O M  of 27 trees into CP 

production kg/tree. 
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4.2.9 Manpower for lopping 

Cut and carry and stal l-feed ing is the current system for keeping anima ls and 

needs a considerable number of ski l led farmers for lopping. Lopping is  a day-to­

day chore of h i l l  farmers in Nepal . For many generations u nt i l  today, manual 

lopping is done by cl imbing the tree .  General ly, cl i mb ing a tree is a job of a 

young and ski l led man,  because, women ,+  chi ldren and elderly farmers can not 

cl imb the trees . I n  absence of lopping manpower, fodder i n  the trees becomes 

useless. Use of harness for safety reasons in  not known in the area.  In many 

cases a s ingle pole of bamboo used as a ladder to cl imb the first three to six 

meters of the tree which is d ifficult part of tree to cl imb .  A tree growing i n  the hi l l  

slope needs special ised ski l ls ,  for c l imbing and lopping safely.  An experienced 

farmer takes e ight hours to lop a 50 years old tree. 

4.2 . 10  Transporting the browse by farme rs 

Transport ing browse from trees to the animal shed was done by carrying on the 

back of the farmers .  Edible portion of fodder branches with leaves were bund led 

into 20 to 60 kg packs based on the i nterest and the carrying capacity of a 

person and put on the back with a support ing flat rope (Namlo) on the head 

(Plate 4. 3) . D istance between trees to the shed varied from 2 to 20 km both 

ways wal king general ly up and down h i l ls .  Women and men are i nvolved in the 

transportation .  

Only a few fodder trees were located n ear the shed . Most of them were 

scattered over farms. Typical ly ,  farmers hold ing a hectare land may have his 

land scattered over 1 0  d ifferent areas with a 1 000 square meter land in  each 

place .  Hold ing scattered pieces of land is a tradit ional common practice in  the 

h i l l  farming ecosystem .  
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Plate 4.3 Carrying A. lakoocha fodder from tree to buffalo shed. 

4.3 Results 

Table 4.2 Diameter at breast h eight (DB H) of A. lakoocha and F. glaberrima at 
different altitudes in a h i l l  farming ecosystem of Nepal .  

Tree Species Altitude ( masl) Mean DBH (cm) 

Artocarpus 1 200 - 1 440 52.6 

Artocarpus 1 000 - 1 200 46 . 5  

Artocarpus 0800 - 1 000 43 .3  

Ficus 1 200 - 1 440 73 .3 

Ficus 1 000 - 1 200 73 .2 

Ficus 0800 - 1 000 94 . 9  

S E M  ( Species x altitude) 5.4 

Probabi l ity 

Species 0.000 1 

Altitude 0 .231  

Species x a ltitude 0.0 1 68 

SEM:  standard error of the least square means 
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4.3.1 Diameter at breast height (DB H) + Carrying diameter 

There was a significant i nteraction between species and altitude on DBH of the 

fodder trees (P=O.0 1 6B) .  F. glaberrima at lower a ltitude had a s ignificantly 

h igher DBH (n = 9) than the DBH of A. /akoocha (Table 4 .2) .  

There was a sign ificant (P=O.0001 ) effect of  species on DBH with a mean DBH 

of BO .5  cm for F. g/aberrima compared to  DBH of  47 .5  cm for A.  lakoocha. 

There was no sign ificant effect of altitude on DBH g rowth of fodder trees. The 

main effect is species related . 

Table 4.3 Canopy radius of A. lakoocha and F. glaberrima. 

Tree Species Altitude (masl ) Canopy rad ius ( Mean B ranch Ext. (m)) 

Artocarpus 1 200 - 1 440 3 .8  

Artocarpus 1 000 - 1 200 4 . 1  

Artocarpus 0800 - 1 000 3 .5  

Ficus 1 200 - 1 440 4 .7  

Ficus 1 000 - 1 200 5 .7  

Ficus 0800 - 1 000 7 .2  

SEM ( Species x altitude) 0 .5  

Probabi l ity 

Species 0 .000 1 

Altitude 0 . 1 275 

Species x altitude 0 .0327 

SEM: standard error of the least square means 

There was a significant i nteraction (P=O.0327, Table 4.3) between species and 

altitude on the canopy rad ius of trees during the survey period . S ignificantly, a 

wider canopy diameter was found for F. g/aberrima trees at low a ltitude 

whereas simi lar canopy d iameter was found for A. /akoocha trees at mid and 

high a ltitudes. 

There was a Significant effect of species on branch extension (diameter = rad i us 

x 2 )  of tree species (P=0 .0001 ) . The mean canopy rad ius (n=27) of Ficus was 

5.9 m compared to 3.B m for Artocarpus. 
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There was no significant effect of altitude on canopy growth of species of fodder 

trees (P=0 . 1 275). 

Table 4.4 Tree height of A. lakoocha and F. glaberrima. 

Tree Species Altitude (masl)  Fodder tree height (m) 

Artocarpus 1 200 - 1 440 1 6 . 7  

Artocarpus 1 000 - 1 200 1 7 .9  

Artocarpus 0800 - 1 000 1 7  

Ficus 1 200 - 1 440 1 3 .4 

Ficus 1 000 - 1 200 1 6 .5  

Ficus 0800 - 1 000 1 6  

SEM ( Species x altitude) 0 .8  

Probabi l ity 

Species 0.0094 

Altitude 0 .0422 

Species x a lt itude 0 .381 8 

4.3.2 Height of the tree 

No sign ificant interaction effect between a ltitude and species was found (Table 

4.4) on the height of the tree d uri ng the survey conducted within September 

2004 to March 2005 . 

There was a significant effect of species on height of the fodder trees 

(P=0.0094 ). For example, A. lakoocha was sign ificantly ta l ler than F. glaberrima 

trees with a mean tree height of 1 7 .2  m and 1 5 .3  m respectively (LSD = 1 .3 m, 

and , n=27) .  

Altitude had a significant effect on tree height (P= 0 .0422) .  M id  and low altitud es 

had tal ler trees compared to h igh altitude ( 1 7 .2= 1 6 .5  > 1 5.0 m ,  (n= 1 8) 

respectively. 
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Table 4.5 Edible biomass production of fodder trees (OM kg/trees). 

Tree Species Altitude (masl) Mean Biomass (OMkg/tree) 

Artocarpus 1 200 - 1440 84.9 

Artocarpus 1 000 - 1200 86.3 

Artocarpus 0800 - 1 000 90 .8  

Ficus 1 200 - 1440 84 .4 

Ficus 1 000 - 1 200 1 06.6 

Ficus 0800 - 1000 1 54.4 

SEM ( Species x a ltitude) 1 4 .3  

Probabi l ity 

Species 0 .0225 

Altitude 0 .0347 

Species x altitude 0 .0864 

4.3.3 Biomass production (Dry matter (OM) kg/tree) 

There was no s ign ificant interaction effect between altitude and species on the 

fodder biomass production (P=O .0864 , Table 4 .5) .  

There was a s ignificant d ifference in  biomass production between tree species. 

F. g/aberrima produced significantly more (P=O.0225) biomass than A. /akoocha 

(Table 5) .  Overal l  mean (n=27) fodder b iomass per tree per year from F. 

g/aberrima was 1 1 5 kg compared to 87 kg for AI (LSD = 1 2 . 1 3  kg) .  

Table 4.6 Crude protein (CP) production kg/tree/year. 

Tree Species Altitude (masl)  Mean ep (kg/tree) 

Artocarpus 1 200 - 1 440 1 0 .9  

Artocarpus 1 000 - 1 200 1 1 . 1 

Artocarpus 0800 - 1 000 1 1 .6 

Ficus 1 200 - 1 440 8 . 1  

Ficus 1 000 - 1 200 1 0 .3  

Ficus 0800 - 1 000 1 4 .9  

SEM (Species x a ltitude)  1 . 5 

Probab i l ity 

S pecies 0 .9549 

Altitude 0 .0545 

Species x altitude 0 . 1 499 
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Altitude had a sign ificant effect on b iomass produ ction of fodder trees. Low 

alt itude produced s ignificantly h igher overal l  mean compared to h igh a ltitude 

( 1 22.6>84.7 OM kg/tree/year). OM production of 96.4 kg per tree per year at 

mid altitude was statistically s im i lar to OM production at low and h igh altitude 

(n= 1 8  and LSD = 27.79) .  

4.3.4 Crude protein (CP) production per tree 

There was no significant interaction between altitude and species on CP 

production (Table 4 .6 )  by the fod der trees (CP kg/tree) .  

There were no sign ificant d ifferences i n  the amount of  C P  produced by a tree of 

A. lakoocha ( 1 1 .23 kg C P  per tree/year) and F. glaberima ( 1 1 . 1 5  kg CP per 

tree/year). There was a s ign ificant d ifference in the CP production (kg/tree/year) 

between low and high altitudes. However, CP production was statistical ly s im i lar 

for low and mid altitudes (Table 4.6) .  

Contrasts i n  species and a ltitude explained from 29% (CP production) to 68% 

(DBH)  of the observed variation in tree characteristics (Table 4 .7 . )  

Table 4.7 Dependent variables, means, R-square values and coefficient of 
variance calculated by SAS GLM procedure (n=S4) using 
independent variable altitude and species (altitude = h igh, mid and 
low and species = Artocarpus and Ficus). 

Dependent variables Mean Standard r value (*) Coefficients 

deviation of variance 

DBH (cm) 63.9 23 .9 0 .68 25 

Canopy rad ius (m) 4.8 1 .9 0 . 54 32 

Tree height (m) 1 6 .3  2 .6  0 .38 1 5  

Edible biomass (OM kg/tree) 1 0 1 .2 45.0 0 .38 42 

Crude protein (CP kg/tree) 1 1 .2 4 .5  0 .29 4 1  

* Proportion of total variation  explained by species and altitude contrast . 

Table 4 .8 summarises the species and altitude contrasts in  canopy area per 

tree, together with calcu lations of the potential number of trees per hectare for 

each species / altitude comb ination assuming com plete canopy cover. 
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Table 4.8 Canopy radius, tree/ha, perimeter, canopy area, and kg OM/tree of A. 
lakoocha and F. glaberrima in the hill farming ecosystem of Nepal 

Species A lt itude tree/ha C-Area 

Artocarpus 1 200- 1 440 222 45 

Artocarpus 1 000-1 200 1 89 53 

Artocarpus 0800-1 000 263 38 

Ficus 1 200-1 440 1 45 69 

Ficus 1 000-1 200 98 1 02 

Ficus 0800-1 000 6 1  1 63 

C-Rad ius  = Canopy rad ius ,  C-Area = Canopy a rea i n  square meter (see map 3 & 4 i n  

Appendix 2 ) .  

4.4 Discussion 

Edible biomass productions reported i n  th is study are based on kg OM/tree 

because there is less than 0 .5  ha per capita and trees sparsely planted i n  

farmed land i n  the h i l ls of Nepal . Review shows that 250 species (0 .  Subba,  

2001 ) of fodder tree were used in Nepal  fol lowed by 84 species in  I nd ia  (M isri , 

1 998) ,  and 28 species i n  Bhutan (Roder, et al. , 1 998) .  I n  Greece, the species 

studied i ncluded six shrubs:  Amorpha fruticosa L . ,  Garpinus orientalis Mi l l ,  

Golutea arborescens L. , Gorylus avellana L . ,  Fraxinus omus L.  and Ostrya 

carpinifolia Scop . ;  and four  trees : Pirus amygdaliformis Vii I . ,  Ouercus 

pubescens Wild . ,  Ouercus sessiliflora Sal ish .  and Robinia pseudoacacia 

(Papanastasis ,  et al. , 1 997). Total edible b iomass was about 50% and 

decreased as  the age of  plants increased .  Repeated annual  cutting resu lted in  

significant reduction of both height and total b iomass by 5 1  % and 88%, 

respectively, as compared with uncut plants at the end of  the eighth year, and 

hence cutting or  grazing should not start earl ier than the third year after 

establ ishment (Papanastasis, et al. , 1 998). I n  New Zealand browse blocks are 

created by planting poplar and wi l low resu lt ing i n  double storey fodder 

produ ction systems involving u nderstorey pastures and u pper storey browse 

trees (Sula iman ,  2006). 

Planting trees in farmed land creates a new set of ecosystem services for stal l  

feeding animals and generates jobs of ski lfu l cl imbing and lopping i n  a way that 

a tree keeps producing edible biomass for longer than 1 00 years. Anecdotal 

evidence, existing farmers practices and author's 30 years experiences in h i l l  
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farming system of Nepal suggest that F. glaberrima and A. lakoocha can 

sustain  the first lopping when tree gets about 3 to 5 m height at 3 to 1 0  years of 

age. Age d ifference at first loppi ng depends on the plant species and soil 

resources avai lable to a newly planted sapl ing .  Lopping 50% to 1 00% crown 

height of three year old F. semicordata, Litsea monopeta/a, F. auriculata and A. 

lakoocha d id  not effect the total fodder and wood production (Karki & Gold , 

1 994) .  This i nd icates that three years is old enough to sustain  lopping. The 

purpose of the first lopping is to provide the desired shape and also to induce 

fol iage growth and lateral branching (Karki , 1 994) .  Tree research particularly i n  

the d iverse cond itions of Nepal is  complex, t ime consuming,  expensive and 

general ly comes with a h igh degree of variation that d iscourages researchers 

and hence no information is avai lable to compare ed ible b iomass yield of trees 

older than 50 years . Coefficient of variation (CV % )  in this study varies from 1 5  

to 42 % (Table 4.7) for tree height and ed ib le biomass production, respectively. 

Another b iomass yield study of F. glaberrima, F. semicordata and Gauzu ma 

u lm ifol ia  found that the CV varies from 33.8 to 85.5 % (Amatya, 1 992) .  

Reports avai lable i n  Nepal use fresh matter (kg/tree/year) instead of  dry matter 

(OM) without specifying the age and the size of the trees. Some reports do not 

even specify the fresh or d ry matter produced by a tree species. For example,  

leaf biomass yield of 50-90 kg per tree per year with Ficus locar producing 

considerably more ( 1 50 kg/tree/year). In this thesis biomass production is 

reported on a dry matter basis. 

I n  Bhutan F. auriculata fodder y ield increased with age and at four years it 

produced 25 kg fodder/tree whereas at 25 years of age fodder and fuel wood 

production was 2 1 0  kg and 1 45 kg fresh weight/tree/year found respectively 

(Pariyar, 2006). Simi larly, average annual fresh yield per tree was reported as 

200, 1 20,  1 1 2 ,  1 08 ,  1 08 and 96 kg for F. a uriculata, A .  lakoocha ,  Gmelina 

arborea, F. cunia, Litsea monopeta/a and Stereospermum suaveolens, 

respectively (Roder, et al. , 2003). These resu lts are not rel iable for comparison 

to the resu lts presented here because Roder et  al. , . ,  (2003) ignored DM, ed ib le 

twigs and age of the trees whi le quantifying the tree fodder production .  
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Regarding the g rowth rate , the earl iest e mpirical accounts of ten commonly 

grown fodder tree species in Nepal that  inciudes A. lakoocha and F. glaberrima 

are those g iven by Karki and Gold ( 1 992) for three year old trees . Results from 

Karmaiya, Hetauda, Rampur, Pokhara 1 and Pokhara2 suggest that A. lakoocha 

and F. glaberrima rank 9th and 1 0th out of ten species tested main ly for their 

growth, b iomass, height and d iameter. F. semicordata (FS) was tal lest with 4 .8  

m fol lowed by Leucaena leucocephala (LL)  4 .5  m ,  Bauhinia varigata (BV) 3 .6  m ,  

Morus alba (MA) 2.9 m ,  Bauhinia purpuria (BP) 2 .9  m ,  Litsea monopetala (LM)  

2 .3  m ,  F. auriculata (FA) 2 .3  m ,  Premna integrifolia (P I )  1 .8 m ,  A. lakoocha (AL)  

1 .8 m and  F. glaberrima (GG)  1 .8 m (Karki & Gold ,  1 992) .  For F. glaberrima 

tree height growth of 1 .77 m at the age of 1 7  month was ach ieved i n  Thai land 

(E l l iott et al. , 2003), whereas, i n  four years F. glaberrima grew more than 2 m 

h igh in  Adhabar Bara d istrict, Nepal (Amatya, 1 992) .  

Edib le fodder biomass production of trees is a new concept in  Nepal and 

e lsewhere . Fol iage biomass of 0 .4 kg and 0.6 kg and wood weight of 0.7 kg and  

1 .0 kg  for F. glaberrima and A .  /akoocha,  respectively, and the h ighest fol iage 

weight of 4 .9 kg and wood weight of 9.9 kg for F. semicordata was reported 

(Karki & Gold ,  1 992). A study conducted in Montreal Botan ical  Garden to study 

the biomass production of Salix species fou nd that, trees harvested two years 

after planting produced about twice the total biomass of trees harvested twice, 

that is ,  at the end of each growing season ,  suggesti ng that a two-year cycle is  

more productive than a one-year cycle (Labrecque ,  et al. , 1 993). Common 

farmer practice i n  Nepal is one cut per tree per year for both . F. glaberima, an  

evergreen tree lopped as and  when needed , and A.  lakoocha, not avai lable 

d uring the deciduous period that i ncludes dry months of March to June .  

Farmers with lactating buffalo lop the A. lakoocha tree first as  i t  is considered to 

be more nutritious and to raise the mi lk  yield ,  particularly when there is no green 

grass avai lable . 

Farmers without a lactating buffalo wi l l  sel l the A. lakoocha tree to a farmer who 

has lactating buffalo. Farmers decide date of early and late loppi ng of A .  

lakoocha based o n  (a) having and not having a lactating buffalo ( b )  date of 

calving of buffalo  (c) avai labi l ity of farmers interested to buy fodder. Farmers 
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consider A. lakoocha as nutritional ly superior fodder for lactat ing animals and 

hence rarely feed i t  to sheep, goat, d ry cows and buffaloes. 

A. lakoocha (AI )  and F. glaberrima (Fg) trees lopped for 50 years and expected 

to last for another 50 years were evaluated in this study. Analysis of five 

dependent variables, DBH ,  branch extension (canopy d iameter = rad ius x 2) ,  

total biomass production  per year per tree, and crude protein (GP) production 

kg per tree clearly showed that F. glaberrima was superior in  terms of greater 

OBH (P=0.0001 ) , canopy extension (P=0.000 1 )  and biomass production 

(P=0.00 1 4) to A. lakoocha across the three altitudes under study. 

The OBH of F. glaberrima was nearly double that of A. lakoocha across the h i l l  

farming ecosystem. With in species, the OBH of F. glaberrima was h ighest at  

lower elevation but was not s ignificantly d ifferent at  mid and h igh altitude 800 

and 1 440 masl .  Contrastingly, the OBH of A. lakoocha at h igher altitude was 

significantly greater whereas there was no d ifference in OBH of A. lakoocha at 

mid and low altitude. Th is is a pioneeri ng study and no l iterature was avai lable 

to compare these results. The shapes of tree trunk at breast height were 

cyl indrical and regular for A. lakoocha, whereas for F. glaberrima the trun ks 

were mostly i rregular in  shape which may result i n  an over est imation of OBH.  

Those F. glaberrima trees , which establ ished as  an  invasive epiphyte , in  

particular, have irregu lar l imbs as contributed by aerial roots that develop i nto 

trunks over a period of five or more decades . 

Nu mber and length (canopy) of branches contributed positively to a significantly 

higher OM content but a s im i lar amount of GP prod uction per tree in F. 

glaberrima than A. lakoocha. I ntraspecific and i nterspecific d ifferences in  G P  

and other nutrients in  fodder trees have been reported (Tiwari, 1 994 ; Wood et 

al. , 1 995; Wood et al. , 1 994). During the d ry months of Ghaitra and Baisakh C P  

was 1 0% and 8% in  F. glaberrima, whereas n o  GP was avai lable from A. 

lakoocha due to its deciduous character (Kaphle & Oevkota , 2000). Visual 

observation suggested that the number of branches in  F. glaberrima was 

considerably greater than that on the A. lakoocha. 
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Fodder trees lopped over 50 years have nearly s imi lar  features. The shape , size 

and longevity of farmed fodder trees depends partly u pon  the position of roots , 

d istance from moisture, frequency and quantity of b iomass removed by lopping 

each year from a tree and the qual ity of lopper used duri ng past 50 years.  A 

b lunt sickle used for lopping is l i kely to cause more damage to the trees than a 

s harp lopper. 

I n  this experiment the lopping of A. lakoocha and F. glaberrima was started on  

23 November 2004 (1 0 Poush) and  continued for 1 1 0 days until 1 ih March 

2005 (29 Falgun) .  For efficient uti l isation of leaves before the start of 

senescence , farmers fin ish lopping and feed ing of A. lakoocha one month 

before 1 2th March. Orig inal  farmer's practice was to fi n ish A.  lakoocha loppi ng 

before 1 2  February (with i n  Nepal i  month of Mag h ) ,  after that considerable 

num ber of leaves wi l l  fal l  off due to the impact of strik ing whi le cutting branches 

using a sickle for lopping. The whole tree wil l  be shake n  to some degree d uring 

cutting .  Main causes of losing leaves from branches being cut  off are ,  1 )  I m pact 

of sickle and branches whi le lopping , and 2)  impact of fal l i ng on the ground from 

fodder tree u p  to 1 5  or 20 meter h igh above ground level and the 3) impact of 

cut off branches hitti ng understorey branches on the trees. 

Late lopping of A. lakoocha needs extra labour to col lect dropped leaves and 

hence the lopping is  more cost effective , i f  done before the second week of 

February in western Pokhara Nepal ,  which stops furthe r  l ign ification and leaf 

d rop .  

Plate 4.4 Rice growing u n der canopy of F. glaberrima, Kalika-6, Sunpadali ,  
Kaski, Pokhara Nepal .  
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4.5 Conclusions 

The result of  th is  study clearly demonstrated that F. glaberrima has sign ificantly 

h igher OBH,  CR and OM production than A. lakoocha. However, Artocarpus 

produced sign ificantly ta l ler trees than Ficus. I n  contrast to previous 

assumptions of farmers and researchers in  Nepal , A. lakoocha was inferior to 

F. glaberrima i n  terms of total amount of edible OM and CP production per tree 

per year. These resu lts wi l l  serve as a standard decision tool for examin ing 

whether a tree species is better than A. lakoocha and F. glaberrima. To produce 

sign ificantly higher amount of OM and equ ivalent amount of CP as that of A. 

lakoocha per tree per year, it is recommended that more F. glaberrima trees are 

planted at altitudes in the region of 1 000 masl . 

Considering the current importance of F. glaberrima, it is imperative to carry out 

research exploring its potential in evolving production systems and to q uantify 

the opportu nities for improving its nutrit ional qual ity and productivity through 

selection and research .  
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CHAPTER 5 

Sheep p referen ces for Ficus benjamina, Poplar and 
Wil low 

5 .1  Introduction 

Lack of green fodder for l ivestock particularly during dry periods is a global 

problem (Roder et al. , 2003). Fodder trees are an integral part of the farm ing 

system that forms the low cost protei n  and energy sources of ru minants in the 

h i l ls  of Nepal (Subba, 200 1 ) . Many species of trees are used as fodder in the 

tropics, especia l ly in the d ry season ,  when there is always a scarcity of grass 

and herbaceous legume forage (Bamikole, et al. , 2004) .  I n  Nepal 20 to 40 % of 

the feed requ i rement is met by tree fodder (Amatya , 1 990; Kshatri , 2003; 

Pariyar, 2006). In Bhutan the contribution of tree fodder to the total ru minant 

feed req u irement is 20% (Roder et al. , 1 998) .  In  the middle H imalayan h i l ls of 

I nd ia ,  fodder trees and shrubs contribute green forage to the extent of 1 0 - 1 5% 

during monsoon ;  80% during winter and 60% in summer (Misri ,  1 998) .  Fodder 

trees have potential to remain green and so form a good source of d ry-season 

feed for an imals .  (Bamikole, et ai, (2004) noted that the inherent va lue of 

browse trees l ies i n  the provision of protein ,  vitamins ,  and frequently also the 

mineral elements that are lacking in  grassland pasture duri ng d ry season .  

Wil low and poplar were superior to d rought pasture d iet, with a h igher N 

content, OMD and M E  (McWil l iam et al. , 2005). H owever, such basic 

information is lacking for the 250 d ifferent tree species being fed to rum inants in 

Nepal (Subba et  al. , 2002) .  

F. glaberrima is not ava i lable in  New Zealand,  but F. benjamina is readi ly 

avai lable as i t  is used as a household plant .  Wil low and poplar were compared 

to F. benjamina as they have been wel l  researched in NZ and are known to be 

trees with h igh feed qual ity . 

F. benjamina is used by locals in  some areas of Nepal and g rows better on 

eroded areas . I t  has potential as a multipurpose fodder tree (M FT) in the tropics 

and is easy to propagate and use in  cut and carry systems i n  Nepal  where 
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Leucaena, Gliricidia, Mucuna and Desmodium are performing poorly (Personal 

experience; also see Chapter 4) .  

To establ ish the su itabi l ity of F. benjamina as fodder and create basic 

information on the fodder value of F. benjamina,  an experi ment was conducted 

to examine the relative preference (palatabi l ity and acceptabi l ity) of F. 

benjamina, poplar, and wi l low as fodder. This was based on dry matter (OM)  

intake over four days and rate of i ntake over time with in  a day by sheep, the 

force appl ied by sheep to tear the browse species, and crude protein and 

neutral detergent fibre (NDF) content. 

5.2 M aterial and methods 

Three d ifferent species of trees growing with i n  the farm and P lant Growth U nit 

(PGU)  glasshouses of Massey Un iversity, Palmerston North were used for this 

study. The three tree species studied were F. benjamina, (variety benjamina)  

poplar (Populus deltoides x nigra , Veronese) and wi l low ( Sa/ix matsudana 

Koidz. X alba L, Tangoio) .  F. benjamina was grown inside a glasshouse at 

PGU in conta iners as outside temperatures were not favourable for year rou nd 

growth . Wil low and poplar browse were harvested from trees growing on the 

Pasture and Crop Research Unit (PCRU) ,  Massey U n iversity, New Zealand.  

5.2.1 Forage preference 

Study on the relative preference of browse was carried out in the I ntensive 

Animal Research U n it of Massey U n iversity Palmerston North . Table 5 . 1  

represents the dai ly timetable for the sheep preference trial conducted for 1 8  

days at Massey University New Zealand duri ng 22 November to 9 December 

2005. 
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Table 5 . 1  Ficus, Poplar and Wil low trees required for tria l .  

Oays Activities Oays Oate No of Number of branches 

Sheep Ficus Poplar Wil low 

1 Adaptation Tuesday 22-Nov-05 24 Chaff Chaff Chaff 

2 period Wednesday 23-Nov-05 24 Chaff Chaff Chaff 

3 Thursday 24-Nov-05 24 Chaff Chaff Chaff 

4 Pre- Friday 25-Nov-05 1 6  1 6  1 6  1 6  

5 experimental Saturday 26-Nov-05 1 6  1 6  1 6  1 6  

6 training for Sunday 27-Nov-05 1 6  1 6  1 6  1 6  

7 sheep Monday 28-Nov-05 1 6  1 6  1 6  1 6  

8 Tuesday 29-Nov-05 1 6  1 6  1 6  1 6  

9 Wednesday 30-Nov-05 1 6  1 6  1 6  1 6  

1 0  Thursday 1 -0ec-05 1 6  1 6  1 6  1 6  

1 1  Friday 2-0ec-05 1 6  1 6  1 6  1 6  

1 2  Saturday 3-0ec-05 1 6  1 6  1 6  1 6  

1 3  Sunday 4-0ec-05 1 6  1 6  1 6  1 6  

1 4  Period of Monday 5-0ec-05 1 6  1 6  1 6  1 6  

1 5  true Tuesday 6-0ec-05 1 6  1 6  1 6  1 6  

1 6  experiment Wednesday 7-0ec-05 1 6  1 6  1 6  1 6  

1 7  Thursday 8-0ec-05 1 6  1 6  1 6  1 6  

1 8  Ficus only Friday 9-0ec-05 4 1 2  1 6  1 6  

Tota l 228 236 240 240 

Total 

Chaff 

Chaff 

Chaff 

64 

64 

64 

64 

64 

64 

64 

64 

64 

64 

64 

64 

64 

64 

48 

944 

Note: Chaff: Ad libitum lucerne chaff and clean water provided at a l l  t imes except 

two hours before the start of experimental feed ing.  

The first three days were used for the adaptation of sheep to the experimental 

environment such as mutual understanding between researcher and sheep. It is 

a lso important to habituate the sheep which were coming d i rectly from open 

pasture conditions to a total ly confined housing environment. Simi larly, a 

second period of 1 0  days was used for tra in ing the sheep to eat the new food of 

F. benjamina as a choice among wi l low and poplar. L ikewise, a th ird period of 4 

days was used for col lecting data for analysis .  Duri ng the final period of one 

day ,  sheep were given only F. benjamina browse without choice (Table 5 . 1 ) .  

S ixteen female adult Romney sheep were used. Average age and body weight 

of sheep used was 45 months and 55 - 60 kg , respectively. Ewes were housed 
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i nside a 1 0 .6 m x 1 0 .4 m x 3 m shed , i n  a bu i ld ing special ly designed for smal l  

ruminant experiments with good venti lation and appropriate supply of water. 

There were eight pens measuring 2 .5  m x 2 . 1  m x 1 m .  To ease the 

measurement of i ntake only four pens were used at one time whi le the other 

four  pens were used for sheep to be put in before the next hour's tria l .  The floor 

of the house was made of concrete to al low easy clean ing using a water jet that 

prevented bu i ld-u p of ammonia .  

Throughout the experiment, dust free lucerne chaff suppl ied by  Lucerne Product 

Ltd . ,  Harris Road , Putaru ru ,  was provided in  a feeder measuring 48 cm x 48 cm 

x 48 cm [(for ease of eati ng the height of the feeder was 1 6  cm shorter (48-32 = 

1 6  cm] near the an imal) .  Ad l ib clean water was provided at al l  times. However, 

lucerne chaff was temporari ly  removed for two hours before experimental 

feed ing each day. The browsing experiment lasted for an hour per sheep/day, 

which included three successive instances of 1 5  m inutes browsing and three 

intervals of five m inutes for successive measurement of intake by d ifference. 

Plate 5.1 Sheep No 1 5  is browsing Wil low with Ficus and Poplar within 70 cm 
and the sheep has easy access to all three species of browse in trial .  

During each period of 1 5  minutes single sheep were al lowed to browse on the 

same three fresh branches of Ficus, Poplar and Wil low conta in ing moisture of 

6 1 .8% 67.7% and 66.6%, respectively. To mimic the poplar and wi l low pasture 

browse b locks currently being developed in  New Zealand (Su la iman , 2006) 
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branches were erected vertical ly on three clamps and positioned triangularly i n  

the centre of  the pens 70 cm equid istance from the wal l  of  the pen (Plate 5 . 1  ) . 

Equal d istance between the branches and the wal l  of the pens permitted equal 

opportun i ty to browse any species of browse that sheep preferred.  Al l  1 6  sheep 

were exposed randomly to treatment browse species for a total of 45 m inutes 

per day and intake was recorded as OM g/sheep/day. 

The position i ng of the browse species i n  the pen was rotated every 1 5  minutes 

to prevent bias by the an imals preferring a particular part of a pen (Bamikole et 

al. , 2004). Relative preference (palatabi l ity or acceptabi l i ty) was determined by 

comparing total amount of OM intake (OM g/sheep/day) over four  days . 

On the fifth day of the tria l ,  four  sheep selected randomly were offered F. 

benjamina only for two consecutive periods of 45 minutes to measure i ntake 

where there was no choice .  

To identify the fodder species with h ighest i ntake , i nd ivid ual observations for the 

first , second and third 1 5  m inutes intake-data were pooled to make 64 

cumu lative data per species (64 cu mulative data x 3 species = 1 92 data) and 

were analysed for reporting .  

5.2.2 Rate of intake 

The O M  i ntake over t ime is a means to quantify the preference of a particular 

browse species. In this experiment both the amount of browse offered and the 

time al lowed to browse on it was l imited to maxim ise the avai lable resources . 

The average starting weight (Appendix 1 ,  n = 576 = 64 branches x 3 t ime 

offered x 3 species) of the branches of F. benjamina, Poplar and Wil low offered 

to sheep varied from 479-430 g ,  922-593 g ,  to 839-553 g respectively. During 

the first 1 5  minutes of the trial  the in itial weight of the poplar branch offered to 

sheep no 1 3  on 8th December 2005 was 834 g and when weighing the same 

branch after subsequent browsing for second,  third and forth times the weight of 

branch was reduced to 597 g, 454 g, and 347 g, respectively .  An electronic 
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balance "Mettler PE22" (max = 24 kg , precision = 0 . 1  g) was used to record the 

i n itial fresh weight and subsequent weights (Plate 5 .2) .  

To determine the rate of intake of a preferred browse species, 1 5  m inute 

browsing events were repeated 576 times over 4 days using three browse 

species (64 branches/species x 3 species x 3 times = 576) and 1 6  sheep. To 

verify the palatable species identified by cu mu lative data analysis, the rate of 

i ntake per species was calculated using those 576 orig inal  observat ions. The 

h igher the rate of OM intake, the higher is the total i ntake therefore the 

p resumed palatabi l ity of the species. 

Plate 5.2 Weighing F. benjamina branch using electronic balance ("Mettler 
PE22" (max = 24 kg, precision = 0.1 g). 

5.2.3 Tensile strength of leaves 

Plant species and the environment in which they were grown have a d i rect 

i nfluence on browsing behaviour and amount intake of an an imal .  The value of 

an intake study can be greatly enhanced by associated measurements on  

vegetation characteristics and manageme nt factors which themselves i nfluence 

foraging behaviours and nutrient intake (Greenhalgh ,  1 982 ; Hodgson ,  2004). 
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U ltimate browsing force u sed by sheep to detach the fresh leaves of F. 

benjamina, poplar and wil low from the trees were determined using TA.xT Plus,  

Texture analyser stable micro system (Plate 5.3) fol lowing the Standard Test 

Method prescribed in its manual .  The tests were carried out at room 

temperature (20 ± 2 QC) where relative humid ity was 50 ± 5 % using facil it ies 

avai lable at the I nstitute of Food , Nutrition and Human Health , Massey 

U niversity, New Zea land .  A Pu l l ing rate of 600 m m/min was employed . The fu l l  

scale load is 500 Newton (N)  (50 Kg) .  Leaf clamp d istance was set 30 mm a part 

to fit the size of the leaves. Leaves were cut into 1 0  m m  x 40 mm size with m id­

rib i ntact to fit the clamp d istance .  The tensile testing was continued u nti l  five 

s imi lar leaves gave a reproducible read ing . 

Plate 5.3 F. benjamina leaves being tested using TA.XT Plus, Texture analyser 
stable micro system at Institute of Food, Nutrition and Human 
Health, Massey University, New Zealand. 

5.2.4 C hemical  analysis 

Chemical analysis of fodder plant sam ples were carried out using facil ities 

avai lable at the I nstitute of Food , N utrition and Human Health, Massey 

Un iversity, New Zealand based on the Association of Official Analytical Chemist 

(AOAC) methods. Dai ly sub-samples of 200 g fresh leaves from each browse 

species were taken and stored i n  fridge. On completion of the four days tria l ,  the 

sub-sam ples were bulked together, mixed wel l ,  and a final  sample of 200 g 

each of F. benjamina, Poplar and Willow was separated for freeze drying and 

chemical analysis. The samples were ground to pass through 1 m m  sieve and 
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were analysed for neutral detergent fibre (NOF) ,  (van Goest et aI, 1 99 1 ) organ ic 

matter d igestib i l ity (OM O)  (Roughan and Hol land,  1 997) and crude prote in  (CP) 

and ash .  For CP,  (C P =N 6·25) total n itrogen (N) was determined by 

combustion ("0umas") procedure (AOAC 2000b) us ing a LECO n itrogen 

analyzer (LECO Corporation ,  St. Joseph,  M I ,  USA). For OM,  convection oven 

was used (AOAC 2000a),  In vitro OMO,  in vitro OOMO and in vitro OMO were 

calculated on O M  basis using forage tree in vivo standards .  I n  vitro gas 

production techn ique used was cal ibrated with standards obtained in  vivo 

(McWil l iam,  2005). 

5.2.5 Statistical analysis 

The data were analysed in a factorial experiment (spl it plot) using General 

Linear Model (GLM) procedure (SAS , 200 1 ) . The analysis of variance (ANOVA) 

was conducted and mean intake of d ifferent fodder species were compared 

using least significant d ifference (LSO). The fol lowing statistical models were 

used to analyse the data : 

( 1 ) Tensi le strength of leaves (Table 5 .5) ;  

Proc g lm; 

Class treatment repl icates; 

Model Force_N = treatment repl ication/ss 1 ; 

Means treatment repl icates/lsd ; 

Lsmeans treatment / stderr td iff; 

Run ;  

(2 ) Preferential browse intake (g OM/sheep/day = Table 5 .2)  

Proc g lm;  

Class species sheep days; 

Model I ntake = species sheep days species*sheep species*days 

sheep*days/ss1 ; 

Means species sheep days species*sheep species*days sheep*days/lsd ; 

Lsmeans species sheep days I stderr tdiff; 

Run ;  

(3) I ntake of Ficus alone (Table 5 .3)  

Proc g lm;  

Class treatment rep ;  
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Model I ntake = treatment Iss 1 ; 

Means treatment rep Ilsd ; 

Ru n ;  

(Note : rep= sheep i n  case of  no 3)  

(4)  Rate of browse i ntake (Table 5.4) 

Proc g lm ;  

Class species t ime days ;  

Model I ntake = species t ime days species*time Iss1 ; 

Means species time days species*time Ilsd ; 

Lsmeans species time species*t ime/stderr tdiff; 

Ru n ;  

5.2.6 Tensile strength (Newton/leaf) 

Fifteen raw data for tensi le strength ( Plate 5 .3 )  were plotted against 1 5  means 

pooled from 1 92 observations of sheep i ntake raw data . To match the equal 

number of data for regression analysis ,  intake of Ficus (n=64) poplar (n=64) and 

wi l low (n=64) recorded over 4 days using 1 6  sheep were pooled to 1 5  sets of 

data which is equal number of data recorded for tensi le strength of five leaves 

from the same species (3 species x 5 leaves as repl icates each species) .  Whi le 

poo l ing 1 92 observation into 1 5  sets; there were 1 3  data in each mean and the 

last mean had only 1 0  data ( 1 82 observations were pooled into 1 4  means = 1 3  

x 1 4  and the 1 5th or the last mean was made u p  of only 1 0  observations). 

5.3 Resu lts 

5.3.1  Intake 

Table 5 .2 represents the total dai ly intake of three-fodder species F. benjamina,  

Poplar and Wil low. There was a sign ificant interaction on intake of browse 

between days and species (P=0.0206). S imi larly, there was a s ign ificant 

interaction between sheep and days (P = 0 .0093). I ntake of Poplar and Wil low 

was significantly higher than Ficus (P=0.000 1 ) .  
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Table 5.2 Preferential intake of fodder (gOM/sheep/45 mins). 

Days Ficus Poplar Wi l low 

1 27 1 07 9 1  

2 1 5  1 02 79 

3 1 6  92 92 

4 1 5  1 22 1 1 7 

Mean 1 8  1 06 95 

SEM ± 3. 1 9  

Significance Probabi l ity 

Days 0 .00 1 0  

Species <0.0001 

Species*days 0. 0206 

Sheep*days 0 .0093 

Total 

226 

1 97 

200 

255 

220 

Table 5 .3  presents the i ntake of Ficus only and clearly demonstrates that g iven 

no choice sheep wil l  eat F. benjamina i n  reasonable amounts. There was no 

significant effect between the two 45 m inute treatments. When g iven no choice, 

i ntake of F. benjamina was 89 g/sheep compared to an average of 1 8 . 56 

g/sheep (range 1 5 . 1 3  g to 27. 1 7  g/sheep) when offered with Poplar and Wi l low 

(Table 5 .3) .  

Table 5.3 Intake of  Ficus alone (gDM/sheep± SEM) 

g OM/sheep (± SEM) 

F i rst 45 minute 89± 22. 98 

Second 45 minutes 64 ± 7 .2 

LSD 77.9 

Sign ificance Probabi l ity 

Treatment 0.3875 

Replicates 0.5227 

5.3.2 Rate of intake 

I ntake rate had a s ign ificant i nteraction (Table 5 .4)  between time and species (P  

= <0 .000 1 ) . Rate of  i ntake of Poplar and  Wil low species was s ignificantly h igher 

(P  = <0.000 1 ) than Ficus. The rate of i n take was h igher for the first 1 5  m inutes 

and decreased s ignificantly (P == <0.000 1 )  over the second and th ird 1 5  m inute 

periods for Poplar and Wi l low i nd icating that successive un its of fodder provide 

less and less satisfaction to an an imal ,  g iven that the previous un its a lready 

have been consumed . 
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Table 5.4 Rate of browse intake in 1 5  x 3 minutes. 

Time in m inutes Ficus Poplar 

F i rst- 1 5  5 .5 72. 1 

Second- 1 5  7.3 20.2 

Third- 1 5  5 .7  1 3 .9 

SEM 

Sign ificance 

Time 

Species 

Species* t ime 

Wil low 

60 . 9  

23.2 

1 0 .9  

2 .2  

Probabi l ity 

<0.000 1 

<0. 000 1 

<0.000 1  

Table 5 .5  represents the tensi le force (Newton/leaf) that i s  used by  sheep to 

tear the leaves from F. benjamina, poplar and wi l low. Resu lts clearly 

demonstrated that the fodder tree species requ i ring m in imum force to browse 

(Wil low) showed h igher rate of in take as com pared to species (Ficus) that 

requ i re a h igher force to tear. 

Table 5.5 Tensile strength (Newtonlleaf) required for breaking leaves. 

Tensi le strength Ficus Poplar Wil low 

N ewton/leaf 2 1  1 4 . 7  1 4 .6 

SEM 0.84 

Sign ificance Probab i l ity 

Treatment <0. 000 1 

Note: Flcus: randomly selected leaves from a 25 month old glasshouse tree 

tested on 29 March 2006 

• 
Poplar 

• Ficus • Willow 

.5 
140 E Y = -10 .037x + 241 .54 
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:::E 40 c 
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Figure 5.1 Relationship between tensile strength (Newtonlleaf) and dry matter 

intake (OM g/sheep/45 min) .  
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There was a strong negative correlation (r  ::::: 0 .73)  between the leaf strength 

(measured in Newton) with OM intake by sheep .  The stronger the leaves 

(h igher tensi le strength requ i red) the less wi l l  be the OM i ntake . The relationsh ip  

between leaf strength and O M  intake was l inear (F igure 5 . 1 ) .  The leaves of 

Ficus species requ i red the greatest force (2 1 .0 ± 1 .20 Newton)  to tear 

compared to poplar and wi l low, 14 .6  ± 0 .54 and 1 4 . 7  ± 0 . 73 respectively. 

5.3.3 Nutritive values 

Table 5.6 Approximate values of browse used in the experiment. 

Fresh basis 

% Dry matter Ash g/kg Protei n  g/kg 

Ficus 38. 1 3  42 .9  4 1 . 1  

Poplar 32.28 24.8  40.4 

Wil low 33 .31  22.6 50 .0 

OM basis 

Ficus Protein  g/kg NOF g/kg 

1 07 .8 407 

Poplar 1 25 . 1  323 . 1  

Wi l low 1 50.2 291 . 5  

OM basis 

I n  vitro DOMD % I n  vitro OMD % 

Ficus 59.07 66.64 

Poplar 65.86 7 1 .65 

Wil low 71 .04 76.2 

NDF g/kg 

1 55 .2 

1 04 .3 

97. 1  

Note: I n  vitro d igestib i l ity was calcu lated us ing forage tree i n  vivo standards .  

OM = Dry matter; DOMD = Digestible organic matter in  the OM;  OMD = Organic matter 

digestibility; NDF = Neutral detergent fibre 

Table 5 .6 presents the nutritive value of fodder leaves on fresh and d ry matter 

basis. The OM results clearly i ndicate that Ficus has the h ighest N O F  and ash 

and lowest CP compared to poplar and wi l low. Wi l low was found to have the 

h ighest CP, and the lowest N O F  and ash.  L ikewise ,  N O F ,  CP and ash of Poplar 

was between Ficus and Wi l low (Table 5.6) .  Wi l low was the most h igh ly 

d igestible fol lowed by Poplar and Ficus. These resu lts clearly i nd icated that 

Ficus was the least d igestible fodder in the treatment .  
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5.4 D iscussion 

I n  th is experiment, poplar was the most preferred fodder tree of the three 

species, fol lowed by wi l low (second) and F. benjamina (th i rd ) ,  respectively. 

Preference ranking was determined by relative i ntake i n  a free-choice tria ls 

using methods described by H odgson ( 1 979), where preference is a general 

term used for the d iscrim i nation exerted by an imals between species offered 

(Table 5 .2) .  A simi lar method of d i rect feed ing observation was also used by 

Sale m et al. , ( 1 994) .  Selection happens when a food item is examined by the 

herbivore and is i ngested or rejected (Wright & Can non,  200 1 ; Wright & 

Westoby, 2003). Preferences are i nfluenced by physica l  and chemical 

properties of the fodder species and the age of both plant and animal (Tr ibe, 

1 950) .  There is a del iberate preference for feeds which can be eaten faster 

(Kenney & Black, 1 984) .  

Regard ing the stepwise procedure to exami ne an imal preferences on browse 

species, there is no fixed agreement among appl ied research scientists on the 

time al located for sheep intake record ing .  D ifferent d urations have been 

reported;  some tria ls have been l im ited to 1 -m i n  periods (Kenney & Black ,  

1 984) ,  1 5  m inutes (Karda ,  et al. , 1 998) s imi lar to  this experi ment ,  30 m inutes 

(Smith, et al. , 1 997) , 2 hours (Pande, et al. , 2002 ) ,  and one day after the start 

of the i ntake tria l  (M i l l ,  et aI, 1 988). An experiment lasting months and seasons 

was also reported from Northern Kenya (Lusig i ,  et al. , 1 986). S imi larly, the 

number of sheep used to examine the rate of intake varies from four  

(Colebrook, et al. , 1 985;  Salem et  al. , 1 994) ,  s i x  (Kenney & Black, 1 984), e ight 

(Bamikole et al. , 2004) ,  1 2  (Morand-Fehr, et al. , 2006) and 20 (Adjorlolo ,  et al. , 

2004) ,  whereas 1 6  mature Romney sheep were used i n  th is  tria l .  

The amount and the rate of DM i ntake of F. benjamina (g/sheep/day) was found 

to be sign ificantly lower than those of Wil low and Poplar s pecies (Table 5 .2 and 

5 .3) .  Bamikole,  et  al. , .  (2004) examined the five species of  Ficus i n  N igeria and  

found that F. benjamina was the most preferred tree fod der species and  the 

order of preference was F. benjamina, F. thonningii, F. mucoso, F. religiosa, F. 

pofita. This contrasts with other authors' assu mptions of s im i larity i n  the amount 

of i ntake between the species in th is experiment. Average dai ly DM i ntake was 
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220 g/sheep (dai ly refers to 45 minutes only) ,  which i ncluded 48% Poplar, 43% 

Wil low, and only 8% F. benjamina, ind icating F. benjamina was not a good 

choice for Romney sheep of New Zealand,  wh ich were lacking previous 

experience on browsing hardy fodder trees species of Africa and Asia .  

H owever, O M  i ntake of F. benjamina alone was 89 g and 64 g/sheep for the 

same period of t ime (first and second instances of 45 m i nutes) as against only 

1 8  g/sheep when offered in cafeteria style .  Given no choice, the amount of OM 

i ntake of F. benjamina alone was 4 .9 times (89 g) and  3 .5  t imes (64 g)  h igher 

than in comb ination with other tree fodder ind icat ing F. benjamina can be a 

good feed resource for d ry and lean periods, but is  un l i kely to be the best 

choice for the glut period . 

The rate of OM intake between species was analysed and  least squared means  

were compared to fi nd the relative rate of  i ntake by  sheep to verify the palatable 

species identified by the g ross intake above . The faster the rate of i ntake the 

h igher wi l l  be the i ntake per un it t ime ind icating d ifference between palatable 

and non-palatable fodder tree species. Palatabi l ity of d iets can i nfluence the 

rate of i ntake very strongly (Morand-Fehr et al. , 2006) .  

Among the factors contribut ing to low i ntake of Ficus, the strong force requ i red 

to detach the leaves from the tree was the most i mportant. The peak force 

requ i red to break and detach the m id-rib of the leaves was recorded , analysed 

and  compared . The harder and drier the browse the greater the force requ i red 

to tear  and hence the lower the intake. Fodder species requ i ring comparatively 

less energy for the detachment of leaves by browsing an imals a re l ikely to be 

preferred over tree species with leaves that requ ire g reater force to detach . 
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F. benjamina Poplar Wil low 

Plate 5.4 Easily d istinguishable size of fodder tree leaves of F. benjamina, 
Poplar and Wil low fresh branches ready for intake trial. 

Ficus was the toughest browse species . There was a negative l inear 

relationshi p  ( R2 = 0 .73)  between O M I  and the force appl ied to tear a leaf (y:::-

1 0 .043x + 24 1 .62). Each un it change in  tensi le strength of leaf (Newton)  causes 

1 0.043 gram change i n  i ntake . Leaves of Ficus have nearly double the time for 

l ign ification compared to Poplar and Wil low leaves , both of which are deciduous 

and do not have leaves older than n ine months. The com mon practice of 

lopping fodder tree once a year leads to a predominant use of one year old 

leaves of evergreen Ficus. 

Mean OM i ntake per 45 m in  feed ing period was greatest for Poplar and Wi l low, 

followed by Ficus (Table 5 .2) .  In contrast, i ntake of Poplar was sign ificantly 

h igher than Wi l low, which could be related to its larger  leaves (Plate 5.4) and 

possibly lower tann i n  content (Kemp et al. , 2003) .  Est imates of tann i n  content 

are not ava i lable from this study, but the results ind icate that the low preference 

rating of Ficus reflected the relatively h igh structural strength of this species 

i rrespective of any b iochemical l imitations. The d ifferences were consistent over 
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fou r  days. Based on comparative i ntakes, Poplar and Wil low were the most 

palatable species, and Ficus was of substant ial ly lower paiatabi l i ty ( table 5 .2)  

The most important fi nd ing of this work is the l inearity between browsing in take 

(OM g/sheep/day) and equivalent breaking force appl ied by sheep to detach the 

leaves from a particular browse tree species. This fi nd ing is supported by the 

fact that ,  the h igher the NOF value of a browse species the lower wi l l  be the 

protei n  content and conversely ,  the lower the NOF value  the h igher the OM 

protei n  content (Table 5 .6) .  As NOF percentage increases, d ry matter in take 

general ly decreases (Schroeder, 2006) .  The NOF value comprises the total cell 

wal l ,  which is composed of the acid detergent fibre (AOF)  fraction plus 

hemicellu loses (Schroeder, 2006), cel lu lose, l ign in  and neutral detergent­

i nsoluble n itrogen (bound prote in) .  That reflects the amount of forage the animal  

can consu me (Ha l l ,  2006). F. benjamina had a higher NOF than for Poplar and 

Wil low. Scientists from Nepal Agricultura l  Research Counci l ( NARC) found no 

specific trend of d istribution of l ign i n  i n  tree fodder leaves ava i lable in the 

eastern h i l ls of Nepal (Khanal  & Subba, 2001 ) .  Resu lts of this experiment 

suggest that sheep preferred to browse young and succu lent leaves of Poplar 

and Wil low compared to hardy leaves with low moisture content of Ficus for 

which sheep need to struggle for browsing .  The lower the force requ i red to 

break the leaves of a fodder species, the easier it would be for the an imal and 

better the plant species as fod der (Table 5.5) However, there was no previous 

work to compare with the break ing force . 

5.4.1 Digestib i l ity comparisons 

Laboratory analys is clearly ind icated that Wil low leaves were the most 

d igestible fol lowed by leaves from Poplar and F. benjamina (Table 5 .6) .  Wil low 

was h ighest with in vitro OMO fol lowed by Poplar  and Ficus respectively .  I n  

contrast, intake of Poplar was Sign ificantly h igher than wi l low which cou ld be 

related to the relatively h igher percentage of moisture, low content of 

condensed tann i n  and bigger leaf size of Poplar (Plate 5 .4) .  Wi l low (5 .2%) has a 

h igher condensed tann i n  concentration (0 .7 % :  Kemp,  et al. , 2003) than Poplar 

(Bamikole et al. , 2004) .  Tan n ins a re known anorexic compounds in fodder 

p lants. Estimation of tann in  concentration are not avai lable from th is study, but 

the results ind icate that the low preference rating of Ficus reflected the relatively 
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h igh structural strength of leaves of th is species irrespective of any biological 

l imitations.  

The d igestib i l ity values were with in  pre l im inary criteria requ i red for a tree or 

shrub species to be recommended for further research and development (Kemp 

et al. , 2003) .  Lefroy (2002) suggested that species only be considered where 

pre l iminary evidence is presented to demonstrate that they are capable of 

meeting the basic requirements of cultivated forage species (accessible, 

acceptable, sufficiently high in  energy, prote in ,  m inerals and non-toxic in 

nature) ,  and, more specifical ly ,  ed ible d ry matter p roduction is in excess of 

1 t1ha/yr under cu ltivation with in  vivo OMO greater than  55% . 

Species are commonly advocated on the basis that they are observed to be 

browsed by stock, or are regarded as valuable sources of feed duri ng d rought 

(Lefroy, 2002) .  The results presented here su pport the ca l l  by Lefroy (2002) for 

detection of browse species using specific criteria rather than anecdotal 

observations. 

5.5 Concl usions 

The results based on the total i ntake,  rate of intake , leaf strength and the OMO 

of leaves clearly demonstrated that poplar was the most p referred 

supplementary fodder tree species for Romney ewes fol lowed by wi l low and F. 

benjamina. One un it i ncrease i n  Newton decreased voluntary feed intake by 1 0  

g OM/sheep .  F. benjamina is an evergreen tropical tree and is not suitable to 

grow outside i n  temperate New Zealand .  However, the i n  vivo OMO of F. 

benjamina was 65% , which was above the 55% DMO requ i rement for a species 

to be recommended for further i nvestigation . Resu lts obta ined and methods 

used in th is study suggest that F. benjamina is sufficiently palatable and 

d igestible for use as supplementary fodder but that it is l ikely to offer lower feed 

qual ity than the deciduous tree species evaluated .  
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CHAPTER 6 

Evaluation of m u ltip u rpose tree fodder; m i l k  pro d u ctio n  
of water buffaloes (Bubalus buba/is) eati n g  m ixed diets 

of F. glaberrima, A. lakoocha and rice straw (Oryza 
savita) in  the mountai n  ecosystem of Nepal  

6 . 1  Introduction 

In South Asia i nclud ing Nepal , Pakistan and I ndia ,  landless farmers often keep 

one or a few buffaloes , cows or goats (APN ,  2005). The future of h i l l  farm ing 

l ies in  the on-farm plantation (Ohakal  & L i l leso, 2000) and its scientific 

management. Planting Ficus trees cou ld  provide a sustainable supplement to 

chronic lack of feed , producing up to 1 54.4 kg OM/tree/year (Chapter 4) which is 

the h ighest ed ible b iomass produced by a single fodder tree species in Nepal 

particu larly du ring the most crit ical fodder scarcity months of March to Apri l 

(Rana & Amatya , 2000) when deciduous Artocarpus have no leaves on them 

Ficus are a preferred species for thei r  qual i ty ,  yield and avai lab i l ity of fresh a nd 

green feed du ring the dry season (Oorj i  & Gyaltsen ,  1 998) ,  but the potential 

feed ing value of F. glaberrima is unknown . Therefore, the objective in this study 

was to compare feed ing va lue of Ficus with Artocarpus before the latter 

completes its senescence, and to create a standard database as a decision tool 

for the select ion of mu ltipurpose trees (MFT) for mass scale p lanting a nd 

renovation of degraded hi l ls ( Kshatri , 200 1 ) . 

6.2 Methods 

The experiment was run for three periods of 20 days when 3-diets us ing a 

mixture of straw and b rowse were fed to 6 an imals i n  a repl icated 3 x 3 Latin 

square design .  To avoid the carry-over effect of the previous d iet, whi le 

estimating O M I  and M E I ,  faecal output and mi lk production ,  data were only 

col lected for the last four consecutive days of each period and treatment. 

Management procedures are detai led below: 
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A 60 day tria l  started on 25 December 2004 examined the d igestive and 

lactation  response and dry matter i ntake (DMI )  of three mixed d iets by "Lime" 

dominant i ntermed iate type h i l l  buffalo breed orig inated from wi ld Arna ,  (B. 

arnii) .  Three d iets stud ied were ( 1 ) A.  /akoocha, the best M FT of the area but 

not avai lable after February due to its deciduous nature (2) rice straw, which is 

a com mon basal d iet on wh ich most ru minants survive particularly during the 

d ry season ,  supplemented with F. g/aberrima and (3) F. g/aberrima, a potential 

supplement available throughout the year, described hereafter as "Artocarpus", 

"straw" and "Ficus" respectively. Energy balances i n  buffalo were compared by 

d ifference in metabol isable energy (ME)  i ntake and ME output as total sol ids 

(TS = % fat + % SNF)  in  m i lk  produced da i ly  by s ix lactating buffaloes. 

6.2.1 Location 

The research was conducted on-farm at Su npadal i  vi l lage of Kal i ka-6 , Kaski , 

Pokhara Nepal ,  located at Latitude: 28 1 0' N to 28 1 6' N ,  and alt itude 900 m that 

represents typ ical  habitat for smal lholders i n  Nepal .  The s ite was nearly at the 

mid-altitude  of the 1 000 ± 500-metre range where Artocarpus and Ficus thrive 

wel l .  Sunpadal i vi l lage elevation is from 700 m at B ijayapur stream to 1 500 m 

on  "Kal ikakot" h i l ltop of the vi l lage. D ifferent species of fodder trees are 

avai lable with i n  this range. 

6.2.2 Collection of fodder tree fol iage 

The feed ing trial started on  25 December 2004. Late in December, the d ry 

period begins and h i l l  farms become brown .  Farmers start lopping their 

deciduous fodder trees first, saving the evergreen trees for the fol lowing driest 

months of March to June .  To avoid the scarcity of Artocarpus due to 

senescence, the tria l  was ended on 22 February 2005 when nearly 30% leaves 

were d ropped and another 50% were turn ing yellow and ready to d rop dur ing 

lopp ing .  Dropped leaves were col lected in a jute bag . About 90% of Artocarpus 

lopping occurs from November to January (Chapter 3) .  
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A. Ficus tw igs se parati ng after lopping. B .  Artocarpus l eaves col l ected i n  a bag . 

C. Artocarpus ca rrying to buffalo shed. D. Spring balance i n  use (capacity 1 00 kg). 
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Table 6.1 Daily timetable during experiment with lactating  buffaloes in on-farm 
cond itions (Clean water was available to al l  buffaloes at a l l  times). 

Time Activities Descript ions (M i lk  and dung data recorded 

s imultaneously) 

0500 Dung collection Dung excreted in past 24 hours collected in a gunny-bag 

and put in a safe place for weigh ing after clean ing ,  

mi lk ing and feeding  is  over. 

0530 Refusal col lection Residual browse twigs and straw col lected separately for 

weigh ing after dung .  

0600 Straw feeding (a) straw offer 0.98 kg - 1 . 25 kg per day depending on 

BW, to four  buffa loes. 

(b)  Offer 2 kg straw to 2 buffalo on straw d iet 

0630 Feeding Offer 1/2 of 0 .382 % body weight (BW) concentrate feed 

Concentrate (0 .55 kg) g ive as s lurry in 5 l itre of water. 

0700 Wash ing udder Mi lk  letdown takes 5 - 30 m inutes depending upon 

and hand mi lk ing individua l buffa lo .  M ilk ing is  convenient d u ring eating 

concentrates. 

0800 Feeding 2 buffaloes = D iet 1 = 1 0  kg Artocarpus 

treatment d iet 2 buffaloes = Diet 2 = 1 0kg Ficus 

offer 1 of 3 2 buffaloes = D iet 3 = 5 kg Ficus + 2 kg straw offered 

separately to each buffa lo in individual feeding box made 

of bamboo (Tab le 6 .4) .  Diets were continuously avai lab le .  

1 000 Weighing Left over twigs and straw weighed 

1 1 00 Planning for Store and record checking to make sure that requ i red 

tomorrow amount of Artocarpus, Ficus, Straw and concentrate is in  

store and labour ,  fodder trees and equipment are in  place 

for use as and when needed 

1 400 Feeding Repeat p rocess mentioned at 0800 hours 

treatment d iet 

offer 2 of 3 .  

1 600 M ilking Second m ilk ing of the day, whi le feeding 0 .55 kg 

concentrate. 

2200 Feed ing 

treatment d iet Repeat process mentioned at 0800 hours 

offer 3 of 3 .  
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Branches were harvested on a weekly basis from trees located across about 25 

square km area around the Sunpada l i  trial s ite . A total of 30 trees were boug ht 

from 1 5  farmers . Lopped branches were approximately 1 - 2 . 5  m long with 

basal d iameter of less than 30 m m .  

To avoid da i ly the chore of carrying u n-necessary woody materials, at the site of 

harvest the branches were further cut into ed ible size of less than 20 mm 

d iameter and about 1 00 cm long twigs with leaves and figs on them, and carried 

to the tria l  site on the backs of people.  Some trees were avai lable as far as 1 0  

km from the trial buffalo shed . Weekly lopp ing eases the preparatory work 

i nvolving find ing daily labour for lopping,  carrying , weigh ing and the rest of the 

trial management with six lactating  buffaloes. The twigs were weighed and 

col lected into 5 kg bundles for Ficus to supplement with rice straw, one bundle 

each for morn ing and even ing feed ing .  Artocarpus was prepared in to 1 0  kg 

bundles and both species were stored in a relatively cool and shady place to be 

fed with i n  7 - 1 0  days. 

Current farmers' practices for manag ing local buffalo were used in this tria l .  

Deta i ls of  the d iets used i n  the trial are reported i n  table 6 . 1 .  There are three 

types of feeds avai lable during d ry seasons in the Nepalese h i l l  farms. R ice 

straw is the most abu ndant fol lowed by tree browse, and concentrate is the 

most l i mited feed for an imals. Concentrate is expensive and competes with 

human food.  Forage was offered at 0600 , 0800 , 1 400 and 2200 hours da i ly 

whereas concentrate was offered twice dai ly about 1 0  m inutes before mi lk i ng .  

Whi le sets of  two buffaloes were eating Artocarpus only, Ficus only and straw 

only, it comes to a m ixture over a period of 24 hours ,  when treatment d iets were 

supplemented with 0 .382 % of l ive weight of concentrate and 0 .382 % of l ive 

weight of straw. Thus i nd iv idual  feeds i n  the m ixed d iets were offered 

separately ,  and not as any type of a mixture (Table 6 . 1 ) .  This procedure served 

to l im it the i nfluence of selective behaviour on d iet composition ,  and was based 

on experience during pre-treatment observation of buffalo's behaviour. The 

dai ly work schedule fol lowed for the management of the experi ment is 

presented in Table 6 . 1 .  
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6.2.3 Experimental an imals and management 

All six buffaloes were calved for their first lactation aged 45 - 55 months with i n  

4 5  days of each other with first and last calv ing on 1 6  September 2004 a n d  2 

November 2004, respectively (Table 6 .2) .  When 60 days experiment ended on 

22 February 2005,  they were with in  1 45 days of their standard 305 days 

lactation period . The standard 305 day lactation yield of Lime breed of buffalo is 

962 l itre , varying from 300 to 2300 l itre (Shrestha, 2003) .  The age at first 

calving , calving interval and calving to mating i nterval in L ime buffalo was 4. 56 

yrs , 600 days and 1 98 days, respectively, based on extensive survey of 1 1 836 

households with buffaloes in  the Pokhara area (Shrestha 2003). This survey 

also found an actual lactation length of 276 days as opposed to orig inal  305 

days standard lactation length . 

Table 6.2 Date of calving and purchasing the mi lking buffaloes and mi lk  yield 
(L/buffalo) on the day of arrival at the site of experiment. 

Name of Buffalos' Date of Date of M i lk  yield Walking 

farmers from identification ca lving purchase on the fi rst d istance from 

whom trial ( I D )  a n d  arrival day of buffalo owner's 

buffalo were at arrival (L ) home to 

bought research research site 

s ite 

Dan Bahadur Db 1 6-Sep-04 8-0ct-04 1 . 50 1 km up h i l l  

Vishnu Va 1 7-Sep-04 5-Nov-04 0 . 30 3 km down h i l l  

Khum Bahadur  Kb 1 9-0ct-04 1 9-0ct-04 1 .00 0 .5  km 

Rishi Ram Rr 25-0ct-04 1 2-Nov-04 1 .00 4 km down h i l l  

Kamala Ka 26-0ct-04 9-Nov-04 1 . 50 0 .5  km up h i l ls  

DataRam Or 2-Nov-04 1 2-Nov-04 N i l  5 km down and  

u p  h i l l s ,  calf 

suckle unti l  

2pm 

Mi lk  and faecal samples were tested for the most com mon a i lments of the area, 

l iver flu ke and mastit is, on 1 8  November 2004. Three out of s ix buffa loes were 

d iagnosed as i nfected with l iver flu ke and all tested negative for mastit is, 

(Veterinary hospital in Pokhara Nepal ) .  They were d renched aga inst l iver fluke 

and buffalo stomach worms and vaccinated against haemorrhagic septicaemia 

(HS) ,  which is a common a i lment during the d ry seasons when an imals are 
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malnourished. Buffalo were housed in an ord inary 2 .5  x 2 .5  m ground floor shed 

tethered by the neck with ind ividual  access to feed ing and watering troughs. 

Arrangements were made to protect animals from hai lstorms and extremes of 

cold weather. 

6.2.4 Components of concentrate ration 

The concentrate used in this tria l  was a m ixture and was made up of particles of 

60 % crushed maize ,  20% ground soybeans, 1 5% wheat bran and 5% mineral 

and was bought from the government's Livestock Development Farm, 

Lampatan Pokhara , Nepal . Crude protei n  in  the concentrate was 1 5.26%. The 

contribution of concentrate to total DMI ( kg OM / buffalo/day) was 1 3  %, 1 5  % 

and 1 7  % respectively for Artocarpus, straw and Ficus diets 

6.2.5 Khole (Buffalo porridge) 

"Khole" or Kundo ( Subba et al. , 1 994) is the local name g iven to a slurry type 

of watery mixture constituti ng about 90 % water and only 1 0% concentrate and 

table salt .  Concentrate i n  the local farmers' situations could be only rice b ran,  

wheat bran or maize flour or cake of any o i l  seeds which conta ins relatively 

h igher energy per un it weight com pared to roughage. 

6.2.6 Feeding of Artocarpus and Ficus 
I n  this tria l ,  s imi lar to that of local farmers practice , whole branches of about 1 00 

cm long and 20 mm diameter were provided to tria l  buffaloes, and amounts 

offered and refused were recorded for analysis. Actual twig d iameters of 20 

samples per species were 6 .4 ±0 .35 and 8 .8±0 .46 m m  for Ficus and Artocarpus 

respectively. Length of u ntreated straw offered was about 1 00 cm and d iameter 

about 3 m m .  

There were no references avai lable to justify the choice of level of feed i ngs; 

however, the choice of treatment d iet was based on the 30 days pre l im inary 

feed ing trial with the same buffalo before the actual tria l .  The d iets were typ ical 

of the procedures on local farms .  Add it ionally choice of d iet is also based on 

local conditions and d ry periods (personal experience) .  The amount of straw 

offered (0 .98 kg - 1 .25 kg per day depend ing on BW) was based on the 

assumption that, if buffaloes d id  not have a continuous habit of eating straw, it 

would be hard for buffalo to adapt to an ad l ib d iet of straw after 20 days 
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continuously eat ing a fresh and green d iet of Artocarpus or Ficus. Thus,  straw 

was offered to remind buffalo continuously that straw is an i nescapable part of 

thei r  d iets . Simi larly, concentrate feed was offered at the rate of 0 . 382 % l ive 

weight was based on the trad itional system to supplement the poor qua l ity straw 

typical ly fed to lactating an imals.  

Table 6.3 Experi mental diet eaten by lactat ing buffaloes. 

N umber Treatment d iet Form Proportion 

1 A.  lakoocha Mixture Ad l ib  Artocarpus + straw 0 .98 kg - 1 .25  kg per 

(90: 1 0 )  day depending on BW and 0 .382 % l ive weight 

concentrate 

2 R ice Straw Mixture Ad l ib  Rice straw + 0 .382 % l ive weight of 

(53:47) concentrate and fixed 3 .38 kg OM, (47% of d iet) 

of F. g/aberrima / buffa lo/day d ivided for 

morn ing and evening 

3 F. g/aberrima Mixture Ad l ib  F. g/aberrima straw 0.98 kg - 1 .25 kg per 

(90: 1 0) day depending on BW and 0 .382 % l ive weight 

concentrate 

6.2.7 Dung collection 

Gunny-bags were spread on the floor to p revent d ung contamination with soi ls ,  

urine ,  mud and rainwater and other unwanted materials. It a lso prevented the 

buffalo itself resting on d ung,  stepping on it , and kicking i nto p ieces. 

Dung was col lected manual ly within five m inutes of excretion and kept in a 

polythene bag to protect against moisture loss u nti l  0600 hrs next morn i ng when 

dung passed during last 24 hours was weighed and recorded (Lapitan et  al. , 

2004) .  

As there was no effect of heat dur ing the n ight and an imals were resting ,  dung 

excreted d uring dark hours of 2200 to 0600 was col lected at once i n  the 

morn ing .  This process was repeated for fou r  days d uring 1 7th to 20th day of 
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treatment. Dung col lected over this period was m ixed for each an imal  and 0 . 5  

k g  d u ng w a s  separated for dry matter esti matio n  to determ i ne in vivo DMD.  

Plate 6.  1 G u n ny-bags a re hardly visible at the hind-quarters of resti ng 
buffaloes after feeding and morn i n g  milking.  

Plate 6.2 Buffaloes arranged to face away from the gutter for easy 
observation and col lection of d u n g .  
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Table 6.4 Order and combination of three diets and periods to for lactating 
buffaloes. 

Three sets Period 

of two 
, 1 1  " '  

buffaloes 
25 December 2004 to 1 4  J anuary 2005 to 3 February 2005 to 

1 3  January 2005 2 February 2005 22 February 2005 

Kb + Rr A.  lakoocha Rice straw F. glaberrima 

Kb + Rr Kb + Rr Kb + Rr 

1 2 3 

Va + Ka F. glaberrima A. lakoocha Rice straw 

Va + Ka Va + Ka Va + Ka 

3 1 2 

Db + Or Rice straw F. glaberrima A. lakoocha 

Db + Or Db + Or Db + Or 

2 3 1 

6.2.8 Body weight of lactating buffaloes 

The weigh-band made by Henley-on-Thames, Oxon ,  World Concessionaires 

Dalton Suppl ies Ltd , Telephone (0491 )  4 1 9000 , England,  was used to estimate 

the l ive body weight of buffaloes at the beg inn ing and end of the experiment 

us ing the fol lowing formula ( Shrestha ,  2003) .  

B d 
. 

h 
(k ) Bodyweight(cm)  x Chestgirth(cm )  x Chestgirth(cm)  

o ywelg t g = _�_:::""-�� __ -=-_-'-----=---__ =-----'--c" 
1 0500 

Resulted change i n  body weight is  for over a l l  d iet and periods. 

6.2.9 Chemical analysis 

Leaves, edib le twigs a nd figs were collected covering the whole area and 

a ltitudes duri ng January and February 2005, when they were important fodder 

for ru minants. One kg samples collected from ind ividua l  trees (top,  bottom ,  

i nside and outside) i n  the canopy were bulked and representative samples of 

0 .5  kg were put in a polythene bag a nd with i n  the same day samples were 

transported to the laboratory. Dry matter was determi ned by drying the sample 

at 60±3 QC to constant weight (AOAC, 2000b) .  
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Dried sample was ground to pass a 1 m m  diameter s ieve and total n itrogen (N )  

concentration was determined by  us ing Du mas method (Leco Corporation , USA 

1 994) and organ ic matter (OM) by ashing samples for 1 6  h at  550 QC. Neutral 

detergent fibre (NDF) was determined by the detergent procedure of van Soest 

et al. , ( 1 99 1 ) .  I n  vitro OM d igestib i l i ty (OM D)  was determined by the enzymatic 

method (Roughan & Hol land , 1 977),  using separate standard curve prepared 

from in vitro values for forage and wil low fed to sheep .  Metabol isable energy 

(ME)  in the d iet was calculated as 1 6.3  x d igestib le organic matter/ 1 00 g OM 

(DOMD) (Drew & Fennessy, 1 980) 

Detai ls of proxi mate components analysed are reported in sections (A), (8) and 

(C) of Table 6 .5 .  The seven components of treatment d iets and correspondi ng 

numbers of samples analysed were ; Artocarpus leaves 23, Ficus leaves 1 7, 

Artocarpus twigs 4, Ficus twigs 2, Ficus buds 1 ,  Ficus figs 1 ,  and rice straw 3 

samples. Despite l imited sam ples, twigs of Artocarpus and the twigs ,  buds and 

the figs of Ficus (Table 6.5)  represent p ioneer data of th is  k ind;  however their 

contribution to overal l  d iet was not the objective of the present study. 

Dry matter (OM) varied from a max imum of 905 ± 8 .6  g/kg to a min imum of 285 

g/kg DM (n= 1 ) for straw and Ficus buds respectively. Only one sample each of 

the buds and figs of Ficus was a nalysed , so the results are ind icative only .  

However, these values were comparable to the fodder tree OM presented by 

previous researchers i n  Nepal (Khanal & Subba , 200 1 ) . 

6.2. 1 0  Mi lk  sampling and analysis 

To estimate total sol ids (TS) in mi lk ,  a 1 00 ml  m i lk  sample was taken from each 

buffalo da i ly during the last four days of each 20 day period and fat % and 

sol ids not fat (TS % = S N F  + fat) was determined . Fat % was determined us ing 

Gerber butyrometers ( ISO-488, 1 983) and SNF % was determined using a 

corrected lactometer (Lc) read ing as  fol lows . 

TS = Lc 4 + ( 1 .22 x fat % )  + 0 .72 

S N F  = TS - fat % 

or = Lc 4 + (0 .22 x fat % )  + 0 .72 
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It should be noted that the relationsh ip  between Lc and TS varies from country 

to country depending on m i lk  composition .  The above formu lae are called the 

Richmond formu lae and were calcu lated for Great Brita in  (O'Con nor, 1 995) and 

are commonly u sed i n  Nepal as wel l .  

The total sol ids content of  m i l k  i s  the total amount of material d ispersed i n  the 

aqueous phase, i . e. S N F  = TS - % fat. The only accurate way to determine TS 

is by evaporat ing the water from an accurately weighed sample. However, TS 

can be estimated from the corrected lactometer read ing .  The resu lts are not 

l i kely to be very accurate because specific  gravity is  due to water, materia l  less 

dense than water (fat) and material denser than water (SNF) .  Therefore , m i l k  

with h igh  fat and  SNF contents could have the same specific gravity as  m i l k  with 

low fat and low SNF contents (Hemme, et a/. , 2003) .  

6.2. 1 1 Nutritional value of d iets 

Estimate of M E  and CP requirement and intake requ ired some extrapolation 

beyond normal ranges of d iet and milk composition ,  and some assu mption 

about body weight changes (see section 6 .2 . 1 1 ) . However, the consistency of 

estimates across d iets and periods provides a reasonable basis for confidence 

the outcomes of an experi ment carried out in  d ifficult cond itions .  

Using the d i rect method , the apparent digestib i l ity of each d iet was estimated . 

The d ifference between the amounts of OM ingested and excreted , expressed 

as a proportion of OM i ngested, was est imated and the ME content of each 

d iets was calcu lated as fol lows; 

% Dry matter d igestib i l ity ( DMD) = FoodDM - FaecesDM 
xl OO 

FoodDM 

% Digestib i l ity of the organ ic matter (OMD) 

(Food OM - Faeces OM ) 
= x 1 00 

Food OM 

% Digestible organic matter i n  dry matter (DOMD) 

= 
OMD%(l OO - Ash)) 

1 00 

DOMD % = 0 .98 DMD % - 4.8  

Metabol isable energy i n  Food (MEF)  = 0 . 1 6  DOMD % 

OM = Organic m atter (MAFF , 1 975) .  
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In vivo d igestib i l ity of DM ,  OM, d igestible organic matter in the dry matter and 

ME concentration were calculated .  ME kg_1 was estimated as DOMD (kg DOM 

kg DM _1 ) mu lt ipl ied by x 1 6 .3 (Drew & Fennessy, 1 980) 

Estimates of the ME requ i rements of the buffalo for maintenance and lactat ion 

were derived from Holmes et al. , (2002) assuming zero body weight changes, 

(See section 6 .3 .6) These values were used to calculate the balance between 

metabol i sable energy i ntake and requ i rement (Bau mgard et al. , 2006; MAFF,  

1 975) for i nd ividual an imals and periods .  

Crude protein  (CP) requ i rements for maintenance were calculated as fol lows; 

Body maintenance, CP = 5 .43g/kgWo.75 

CP requ irement for 1 kg fat corrected m i lk (FCM) mi lk  production=90 . 3  

g/kgW0 75 (Paul ,  et al. , 2002) 

FCM = (mi lk  produced x 0 . 1 5) + (mi lk  produced x 0.6)(Rice, et al. , 1 970) 

6.2. 1 2  Statistical analysis 

A mixed "repeated measure" model was used to test the effect of treatment on 

experi mental results (mi lk sol ids production by lactating buffaloes as response 

to d iet i n  th is case) measured repeatedly over t ime (Kaps & Lamberson ,  2004) .  

Analysis was via maxim izing l ikel ihood of observed values rather than ANOVA's 

approach of m in im izing error variance .  Mixed = fixed + random variation 

(Hopkins, 2003). Orig inal ly data were col lected us ing 3 treatments x 3 periods 

of 20 days, with sampl ing and measurement taken over the last 4 days of each 

period in  a lati n square design (Table 6 .4)  with two repl icates of an imals per 

square .  H owever, results were analyzed us ing a mixed procedure. 

The statistical analytical system (SAS) model used for analysis was :  

Proc m ixed data=reps; 

Class period buff treatment; 

Model T8 = period treatment; 

Repeated Itype=cs sub=buff (treatment); 

LSMEANS period treatmenUdiff; 

Run;  
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The "class" statement defines categorical variables. The "model" statement 

defines the dependent variable (e. g :  TS ; total sol ids i n  mi lk) ,  and independent 

variables period and treatment. The "repeated" statement defi nes the variab le 

structure or repeated measurements. The subject (sub=buff) defines the 

variable on which repeated measurements were taken .  The type of variance­

covariance structure is called compound symmetry (type=cs) ,  because it is 

d iagonal ly symmetric and it is a compound of two variances. The LSMEANS 

statement calcu lates the treatment means (Kaps & Lamberson , 2004) .  

None of the period and d iet interactions i n  these ana lyses were s ignificant, so 

results are reported as main effects of period and d iet. 

6.2.1 3 Offered and refused d iet 

Figure 6 . 1  represents the actual amount of fresh straw + Ficus eaten by a 

buffalo (Va) during period I l l .  Ficus and straw refusal was 23 ± 3% and 3 1  ± 2 % 

(SE) ,  respectively, on a fresh matter basis ind icat ing greater than 69% of the 

offered feed d iet was consumed . (Note = Mean OMI as percent of LW was 1 .94 

kg OM (n=20) (range = 1 .5 - 2 .27 % of the LW) per day,  OM I  value greater than 

2% of LW was recorded during 8 out of 20 days period for this particular buffalo 

with straw d iet} . 

1 2.00 

I-+- Ficus Offered _ Ficus Refused -&- Straw Offered - Straw Refused I 

� 1 0 .00 • • • • • • • • • • • • • • • • • • • • 
'tJ (; 8.00 

� 6.00 

:::l 
.c 4.00 -
Cl � 2.00 

0.00 �t::-�����-.---,-��::;=-���:'---;-�,---�����:':::;::::z-, 

One of three periods of 20 days 

Figure 6.1 An example of offered and refused diet by one of two buffaloes 

under straw d iet receiving  (constant fresh twigs of Ficus = 10 kg dai ly) 47% OM 

of d iet + 53 % straw. 
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6.3 Results 

6.3 . 1  N utritive values 

The nutrit ional components of a l l  d iets (g/kg OM) (Table 6.5) were analysed at 

Lumle Agricu ltural Centre Pokhara Nepal and were used to calculate nutr ient 

digestib i l ity, metabol ic energy of feed and energy balance in lactating buffaloes 

in the experiment. 

Table 6.5 Chemical composition of diet components (g/km OM). 

Chemical composition (g/kg DM) 

g/kg fresh wt. g/kg DM N C D  
Ash C F  NDF A D F  ADL 

(A) Descriptions DM CP # 

( 1 ) Artocarpus leaves 

Mean (n= 23) 367 1 52 2 1 2  1 25 439 380 2 1 0  525 

Standard Error ( ±) 7 7 8 3 8 1 1  8 1 2  

(3) Ficus leaves 

Mean (n = 1 7) 341 1 34 226 97 432 372 224 505 

Standa rd Error ( ±) 8 7 9 2 5 6 5 1 3  

(4) Artocarpus twigs 

Mean (n = 4) 333 1 32 249 68 486 440 266 472 

Standard Error ( ±) 32 24 20 2 6 4 1 0  28 

(5)  Ficus twigs 

Mean ( n = 2 )  387 1 1 2 3 1 4  56 532 435 262 379 

Standard Erro r  ( ±) 1 2  1 7  8 1 1 3  2 1  9 1 1  

Ficus ( n  = 1 )  

Edible buds 285 74 1 5 1 66 339 286 209 6 1 2  

E dible figs 350 89 356 69 539 445 271  320 

(8) Rice straw 

Mean (n= 3 ) 905 1 28 397 37 623 480 59 262 

Standard Error ( ±) 8 1 6  7 2 1 7  2 1  9 1 0  

( C )  Concentrate 895 1 02 82 1 52 NA N A  N A  NA 

# = Neutral Cel lu lose Digestib i l ity (NCO) values presented in Table 6.5 were 

taken from Subba 1 998. 

Dry m atter (OM), crude protein  (CP) and ash content of experimental d iets 

i ncluding (Table 6.5)  fodder tree leaves ranged from 385 and 905, 37 to 1 52 ,  74 
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to 1 52 g/kg O M ,  respectively. Acid detergent fib re was 286 to 480 g/kg OM and 

l ign in 69 to 266 g/kg OM.  Neutral cel lu lase d igestib i l ity (NCO) of the leaves 

varied greatly among the diets and ranges between 262 to 6 1 2  g/kg OM.  Ash 

contents ranged from a h igh of 1 52 .7  ± 7 .8  g/kg OM to a low of 74 g/kg OM 

(Table 6 .5)  respectively for leaves of Artocarpus and Ficus buds.  

6.3.2 Live weight changes 

The body condition of the s ix trial buffaloes was normal when measured finally 

on 1 4  March 2005. Body weight measurement was taken twice during the 80 

days period that i ncludes the 20 day pre-experimental period . I n it ial 

measurement was taken on 22 December 2004 with result ing body weight 

ranges from 279 to 375 kg , whereas the final body weight range was 268 to 372 

kg with a mean of 3 1 9  ±1 6 and 31 4 ±1 6 kg respectively, i nd icating only a m inor 

decl ine i n  LW during the tria l .  

6.3.3 Voluntary Intake of dry matter 

The OMI  and faecal OM output (kg OM/buffalo/day), and OMO percent are 

presented in Table 6 .6 .  O M I  differed s ignificantly between  d iets (P=0.0001 ), 

being h ighest for the Artocarpus and lowest for the Ficus d iet, both in  absolute 

terms and as a percentage of body weight. OMO was not s ignificantly d ifferent 

between d iets (P= 0.32) and periods (P= 0 .49). 

Table 6.6 Dry matter intake (OMI), faecal dry matter (FOM) and dry matter 
digestibil ity percentage. 

Treatments OMI  (kg) OMI  (% of SW) FOM (kg) OMO % M E  MJ/kg OM 

Period 1 7 .47 2 .35 2 .83 60 .52 8 .72 

Period 2 7.4 2 .30 2 .6 1  64 .56 9.35 

Period 3 7 .09 2 .24 2 .59 62 .46 9 .02 

Treatment 
Artocarpus 8.42 2 .66 3 .07 62.92 9.09 
Straw 7. 1 7  2 .27 2.49 64.92 9 .41  
Ficus 6.39 2 .02 2 .48 59. 7 1  8 .59 

S E  0.23 0 . 1 064 0 . 1 6  2 .35 0 .36 

Significance 

Period 0 .4833 0 . 6631 0. 5537 0 .4968 0 .4978 

Treatment 0 .000 1 0 .0032 0 .044 0. 3 1 8 1  0 .3 1 68 
BW= body weight for each animals at the start of the experiment. 
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6.3.4 Mi lk  yield and composition 

Fat % i ncreased progressively from period 1 to period 3 (P=0 .0097). M i l k  yield 

and composition did not d iffer between d iets (Table 6 .7 ). 

Table 6.7 Mi lk  yield, percentage of fat, solids not fat (SNF), total solids (TS), 
mi lk  gravity and production of total mi lk  solids (kg/buffalo/day) 

Mi lk  composition 

Treatments Mi lk  yield Fat % SNF% TS% Mi lk TS 

Ltr/buff/day gravity (kg/buffa lo/day) 

Period 1 2 . 3  7.48 9 . 1 8  1 6 .67 1 .027 0 .383 

Period 2 2 .2 8 .23 9 .36 1 7 .6 1 . 027 0 .378 

Period 3 1 . 9 8.64 9.44 1 8 .09 1 .027 0 .34 1  

Treatment 

Artocarpus 2 .54 7 .84 9.4 1 7 .25 1 .027 0 .437 

Rice straw 1 .92 8.07 9.39 1 7 .46 1 .026 0 .332 

Ficus 1 . 88 8.45 9 .2 1 7 .65 1 .027 0 .332 

SE 0 .25 0.22 0 . 1 1 1  0 .284 0.0004 47.890 

Sign ificance 

Period 0 . 5 1  0 .0097 0 .284 0 .0 1 1 4  0 .9968 0 . 7988 

Treatment 0 . 1 4  0 .2022 0 .3888 0 .6 145 0.0963 0 .2558 

6.3.5 Metabol isable energy balance 

Metabol isable e nergy intake (ME I )  and balances i n  trial buffalo are presented i n  

Table 6 .8 .  Requ irements of M E  ranged from 67.82 - 74.93 MJ / buffalo /day 

and were not significantly different between period and d iets. ME I  was not 

d ifferent between periods, but was d ifferent between d iets (P= <0.000 1 ) . ME I  of 

the Ficus d iet was on ly 72% and 81 % that of Artocarpus and straw diet 

respectively .  
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Table 6.8 Metabolisable Energy (MJ ME/buffalo/day) balance in lactating 
buffaloes. 

Treatments Energy requ i rement and mi lk  sol ids production i n  lactating buffaloes 

based on body weight (MJ M E/buff/day). 

Maintenance Production Total Total intake Energy 

requirement (MEI )  Balance 

Period 1 45.22 26.05 7 1 .28 67 .74 -3 .54 

Period 2 45.20 25.7 70 .90 67 .01  -3.89 

Period 3 45 .22 23. 1 9  68 .41  67 . 1 7  -4 .24 

Treatment 

Artocarpus 45 .20 29.73 74 .93 76 .53 1 .60 

Straw 45.22 22.62 67.82 67 .48 -0.34 

Ficus 45.22 22.6 67.85 54.90 - 1 2 . 94 

SE 1 .79 2.78 4 .38 2 . 1 0  3 . 70 

Significance 

Period 0 .9999 0 .7359 0 .8822 0 .499 1 0 .99 1 2 

Treatment 0 .9999 0 . 1 534 0.4402 <0 .0001 0 .03 1 8  

The M E  balance was greater for the Artocarpus than the Ficus d iet ( +  1 .6 vs -

1 2 .9 ± 3 .77 MJ M E/buffa lo/day, P=O.03 1 8) but d id not d iffer between Artocarpus 

and the combined straw/Ficus d iets (+1 .6  vs -O .34±3 .7 MJ  M E ) . M E  balance d id  

not d i ffer between periods.  

6.3.6 Crude protein balance 

Table 6 .9  shows GP requirement, i ntake and balance. The GP balance was 

positive for the Artocarpus d iet, but negative for the other two d iets and in all the 

periods .  

1 1 4 



Chapter 6 Exp. 4 Evaluation of multipurpose tree fodder for lactating water buffaloes 

Table 6.9 C rude protein (CP) requ irement, (g/kg) intake and balance 
(g/buffalo/day). 

GP balance in lactating buffaloes 

Treatment Maintainance 6% Requ i red Total GP GP 

FGM for mi lk  requ i rement I ntake 

kg production 

Period 1 407 .00 3.95 356.69 763 .69 651 . 1 5  

Period 2 406 .00 3.92 353.98 759 .98 651 . 1 5  

Period 3 407 .00 3 .57 322.37 729 .37 651 . 1 5  

Artocarpus 406.00 4 .5 1  407.25 81 3 .25 1 059.49 

Straw 407.00 3.42 308.83 71 5 .83 269.88 

Ficus 407 .00 3 .52 3 1 7 .86 724 .86 624.09 

SE 

Period 1 6 . 1 9  0.42 - - -

Treatment 1 6 . 1 9  0.42 -

Sign ificance 

Period 0 .99 0.7862 - - -

Treatment 0 .99 0 . 1 773 - - -

NA = Not analysed due to i nfin ite l i ke l i hoods 

6.4 D iscussion 

GP 

balance 

- 1 1 2 .54 

- 1 08.83 

-78 .22 

246.24 

-445.95 

- 1 00.77 

The d iets used i n  this experiment were designed to take account of the l imited 

forage resources avai lable to farmers in  Nepal .  The first section of this 

d iscussion (section 6.4. 1 ) deals with some of the potentia l  issues unsolved , i n  

order to provide a context for evaluation of the experimental resu lts wh ich are 

dealt with in  the fol lowing sections. 

6.4. 1 Feeding Practices in Nepal 

The fodder tree evaluation trial using six lactating buffalo started on 25 

December 2004 and ended on 22 February 2005 i n  an on-farm stal l -feed ing 

management system .  The objective of selecting these d ates was to use the 

latest period of avai labi l ity of deciduous Artocarpus before its senescence, and 

to compare its feeding value with evergreen Ficus and rice straw. The d iets 

used were representative of the d iets used by local farmers.  Hand mi lking was 

done i n  th is tria l , as it is sole mi lk ing practice all over Nepa l .  
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Whole branches of Artocarpus and Ficus that were less than 20 mm in d iameter 

and about 1 00 cm in length were offered to lactating buffaloes as is the usual 

practice of the area and these branches were composed of leaves, buds/figs, 

bark, hardwood and soft wood of u nknown proportio ns. About 1 00 cm long rice 

straws were offered whole without cutt ing into pieces. Evaluation of al l  these 

components was beyond the scope of this study, however, efforts were made to 

generate maximum possible i nformation about the lactating buffalo's energy 

and protein  balance uti l is ing l imited resou rces in  the com plex subsistence h i l l  

farms .  

On 25 December 2004 when the feed i ng trial started , the Artocarpus was 

already in the process of senescence . Farmers who have Artocarpus tree and 

lactating buffaloes try to prolong the period of avai labi l ity of leaves to susta in  

m i lk  production but, when they sell the trees to  other farmers ,  they want their 

trees to be lopped first, so that they wi l l  get a good crop of leaves n ext year. 

The orig inal  objective was to compare the DMI  (kg/buffalo/day) of d iets with 

corresponding mi lk  yield (Litre/buffalo/day) to select the best M FT. Later on the 

proposal was u pgraded to col lect data for a nalysing energy balance in lactati ng 

buffaloes to select the best MFT for renovation of degraded h i l ls .  D M I  and DMD 

did not change over periods, suggesti ng that browse changes over the time of 

the trial  were not large. Artocarpus leaves seen on the trees on 25 December 

2004 were denser and greener compared to only about 50% leaves i ntact on 

trees that also turned yel lowish in colour and were ready to drop with in  a week 

on 22 February 2005. Simi larly, leaves of Ficus might have developed i nto more 

fibrous and less d igestible form with age but this was not i nvestigated due to the 

l im ited resources of this study. The author has noted a number of buffaloes 

browsing and waiting under Ficus trees to eat any d ropped leaves. No matter 

how hard the leaves may be, they wi l l  be eaten up i mmediately after d ropping 

by waiting  ruminants and wil l not be wasted.  Duri ng the d ry season , grazed 

pasture becomes a lo itering place ( Rajbhandary & Shah,  1 98 1 ) and the only 

th ing rum inants may find to eat is a few d ropped leaves under the canopy of the 

M FT. 
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The buffaloes remained healthy with normal levels of production throughout the 

60-days of the tria l ,  and al l  six buffaloes were served natural ly using buffalo bu l l  

as  a preparation  for their second lactat ion. On ly  one buffalo d id not conceive 

even after th ird consecutive mating fol lowing 21 days cycle. As of 9 January 

2007 , four out of six buffaloes were sti l l  producing mi lk  for the ir third lactation ;  

however, two buffaloes were sold for meat purpose , indicati ng 66% trial 

buffa loes are sti l l  producing economic benefit to local farmers (Personal  

commun ication ) .  Of the various reasons for inferti l ity of buffaloes i n  the a rea 

2 .53 to 3.90 %, was contributed by chromosomal abnormal i ty (Shrestha ,  2003) .  

6.4.2 Feeding period effects 

Mi lk  fat content i ncreased s ign ificantly over the course of the experiment (Table 

6 .7) ,  presumably reflecting the normal i ncrease i n  mi lk  fat content during the 

course of lactation (Holmes et al. , . ,  2002) ,  but no other parameters of d iet, 

nutrient i ntake or mi lk  production differed across periods. This is surpris ing 

g iven the expectation that forage qual ity would decl i ne with time,  particularly i n  

the Artocarpus d iet (see chapter 2 and section 6 .2 . 1 1 ) . 

6.4.3 Diet contrasts 

Farmers are real ising that feeds ava i lable are not adequate in nutrients and 

hence the practice of supplementing concentrate is fol lowed . A dai ly al lowance 

of about 1 ± 0.5 kg mixture of maize ,  soybean or rice-bran or on ly one of them is 

being used as concentrate. Compared to fodder leaves, concentrate feed is rich 

in m ineral nutrients as it is incorporated with 5% minera l  supplement. However, 

most of the fodder tree leaves had higher calcium contents , more than 1 % on 

OM basis with values as high as 5 .72% in  Brassaiopsis hainla. Artocarpus and 

Ficus have a calc ium content of  1 .38+-0 .2 1  and 0 .39 +-0 .06 % of OM 

respectively which is higher than the normal requ i rement (Khanal & Subba, 

200 1 ) . The concentrate d iet is used main ly after boi l i ng and cool ing to 20 to 30° 

centigrade, because local farmers bel ieve that boi l i ng wi l l  increase its nutrit ive 

value.  However, in th is trial boi l ing was not practiced to save the fi rewood , 

labour, t ime and also to demonstrate to local farmers that buffalo keep 

producing m i l k  even if the concentrate is not boiled . The practice of boi l ing 

concentrate feed in h i l l  farms needs to be abol ished. 
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The nutrient content of the experimental d iets offered to the trial  buffaloes 

(Table 6 .5 )  were typical of hill farms and typical of the dry months of January 

and February. All were low i n  nutrients and d igestib i l ity. CP for example was the 

most l im it ing nutrient for lactating an imals during the dry season .  Therefore 

lactating an imals' on the sole diet of straw requ i re supplementary feed ing to 

mainta in normal body functions. CP content of Arlocarpus and Ficus was only 

83% and 59% that of the same species reported by Khanal and Subba (200 1 ) 

without specifying the date of leaf sample col lection .  However al l  of the 

proximate values were with i n  the range reported by Subba ( 1 998) in Nepal .  

Twigs were part of the d iet . Diameter of Ficus twigs ranged from 3 .78 m m  -

1 5.5 and those of Arlocarpus from 1 .2 m m  - 1 9 .4 m m  with means of 6 .38 mm 

and 8 .81  m m  respectively. Oairy cows in  New Zealand offered browse material 

from 20 mm ate s imi lar s ized branches (Kemp et al. , 200 1 ) . 

Among the d iets, the lowest ME concentration (8 .59 MJ M E  Ikg OM Ficus) 

(Table 6 .6)  was h igher than the 8.2 MJ/kg OM of short drought pasture i n  New 

Zealand (Pitta et. al . ,  2006). Similar energy concentrations of 7 . 7  and 1 0 .5  MJ 

ME Ikg OM for Ficus semicordata and Ficus nemoralis respectively were 

reported by Khanal & Subba (200 1 ) without specifying the season of sampl ing.  

O nly one out of s ix buffaloes i n  this tria l  ga ined body weight (5) kg , which is 

negl ig ible in terms of body s ize of large rum inants. Both energy and CP values 

were marg inal for lactating animals, but straw and Ficus are the on ly practical 

feeds ava i lable to farmers. Because Arlocarpus is a deciduous M FT,  its twigs 

wil l  become rare after February unti l  next lopping .  

There was no significant d ifference in  OMI  of Arlocarpus between periods 

despite a decl ine in the properties of leaf and increased maturity of leaves . 

Table 6 .6  shows that DMI ranged from 2 . 1  to 2 .6  % of LW of the lactating 

buffaloes. This result is simi lar to that found by I nd ian scientists (Sharma, et al. , 

2004) . Comparatively low dai ly intakes of 1 .3% to 1 .7% of LW for ma intenance 

were observed i n  a metabol ism tria l  with Brahman cattle, swamp buffalo and 

native cattle i n  Thai land (Kawashima,  2006) .  Thorne,  et al. , .  (2000) found that 

farmers i n  the eastern h i l ls of Nepal are offering 4 .0 to 5.5 % of l ive weig ht of 

buffalo cows and oxen .  
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OMI recorded as a percent of BW ranges from 2.0 - 4 .5  % for bovine species 

(Hendy et al. , 2000) .  Thus, the OMI  resu lts of this experiment appear to be 

reasonably real istic estimates. 

A. lakoocha was superior to F. glaberrima in  terms of OM and ME intake (Table 

6.6 and 6 .8) ,  though est imates of d igestib i l ity and ME contents for the two d iets 

d id not d iffer (Table 6.6) .  The intake d ifferences observed may be attributable in  

part to greater CP content in  leaves and twigs of A. lakoocha than F. glaberrima 

(Table 6.5 a nd 6.8) .  

The OMI of browse material is  i nfluenced by biophysical and chemical 

properties of feed to the extent to which they can be rel ied upon as feed 

resources (Ozowela , et al. , 1 997) .  Secondary compounds l ike condensed tann in  

affect the intake and digestib i l ity of protei n  (Barry & McNabb, 1 999) .  The l eaf 

area , shape, size, and texture infl uence the rate of eat ing .  The actual mean leaf 

area of 556 cm2/leaf for A. lakoocha is 1 0 .8 t imes h igher than 51 .37 cm2/leaf of 

F. glaberrima (Sing h ,  200 1 ) .  This impl ies that the bigger the size of leaves the 

h igher wi l l  be the intake and consum ption efficiency. I ntake of Ficus was 24 % 

(Artocarpus 8 .42 - 6 .39 kg Ficus = 2 .03 kg OM) less compared to intake of 90% 

Artocarpus. Presumably, evergreen leaves of Ficus would have been 

progressively l ignified and harder to chew with age compared to A rtocarp us, 

and th is  cou ld  have contributed to low i ntake of Ficus, re i nforcing the effects of 

lower energy and prote in content i n  the 90% Ficus (Table 6 .6) .  However, Ficus 

is the only rel iable sources of green feed su pplement avai lable i n  the absence 

of Artocarpus and a l l  other deciduous M FT during dry seasons.  

Moringa oleifera supplemented at 2 to 3 kg OM /day on  Brachiaria brizantha hay 

ad libitum, was also fou nd to improve O M I ,  nutrient d igestib i l ity and mi lk y ie ld of 

dairy cattle (Nad ir, et al. , 2006). But m i l k  yield and composition d iffer with in  and 

between breeds in cows (Rice et al. , 1 970) ,  and such d ifferences were 

observed i n  Nepal i h i l l  buffaloes (Shrestha, 2003). 

The mixed diet composed of 53% unchopped straw and 47 % F. glaberrima had 

significantly grater d ry matter and ME intake than F. glaberrima alone (Table 6.6 
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and 6.8) and was also superior in d igestib i l ity and M E  content , though those 

d ifferences were not s ignifican t  (Table 6 .6 )  the com paratively h i gh  energy value 

of the straw/Ficus d iet relative to F. glaberrima alone (Table 6 .6 ) ,  and in 

contrast to estimated value of 5.1 5 Mj M E/kg OM for straw alone (Baumgard et 

al. , 2006) suggest a s ign ificant  interact ion between the d iet constituents .  There 

was probably a d i rect contribution of F. glaberrima to the CP content of the 

mixed d iet (Table 6 .5) ,  and a part contribut ion from condensed tann ins  in Ficus 

to the effic iency of use of the l im ited content of CP i n  the d iet (see section 6.4.4) 

the buffalo on al l  these d iets received 1 . 1 kg OM of concentrate per day. 

Results of th is study suggest that there is  l ittle d ifference in nutritive value 

between d iets of Artocarpus and of straw supplemented with 47% Ficus. Thus, 

i n  the absence of Artocarpus, a Ficus supplement to the basal d iet of straw 

wou ld serve as an  alternative diet during deciduous seasons.  The enhanced 

feed i ng value of the straw offered i n  conjunction with Ficus i ndicates the 

potential value of the mixed d iet for farmers .  

Notable d ifferences were found in fibre content, in vitro d ry matter d igestib i l i ty, 

acceptabi l ity and i ntake by l ivestock and therefore , their potential in affect ing 

an imal productivity (Ozowela et al. ,  1 997) .  Most rations are found to be 

unbalanced in at least one factor, either ME or CP, because farmers feed 

s imi lar rations to al l  cows regardless of m i l k  yield and other such i nd ices i n  

Vietnam (Ouc Vu , e t  al. , 1 999) .  Researchers from Kenya reported that da i ry 

heifers were able to select the part of the tree fodder with h igher content of CP,  

h igher in vitro d igestib i l ity and h igher rumen degradabi l ity than the average of 

the offered supplement (Roothaert, 1 999) .  

In  th is study mi lk  yield was not affected by d iet (Table 6 . 7) ,  in  contrast to the 

signi ficantly h igher m i l k  yield reported in buffaloes eating Artocarpus leaves at 

4% of LW compared with untreated rice straw (Rana & Amatya , 2000). Various 

factors related to browse qual ity used , season of tria l ,  proport ion of straw and 

chemical com posit ion of  feed could have contributed to reduce the effect of d iet 

in th is study. Rana & Amatya (2000) d id  not mention whether the trial was 

conducted at lean period of Artocarpus or not .  Also CP concentration ( 1 3 1  g/kg 

OM) and O M I  (9 . 72 kg OM/buffalo/day) was h igher i n  h is study. CP content of 
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Artocarpus in November was 1 4  % whereas it was only 1 0.38% in February 

(Kaphle & Devkota, 2000). Presumably, dry seasons and l ign ified Artocarpus 

and single season trial could have contributed to l im it the effect of diet. Fat % 

and TS % were simi lar to those found by Chinese and Nepal i researchers (Han 

et  al. , 2006; Rana et  al. , 2000). 

Energy balance was not sign ificantly different between periods, but was 

sign ificant between d iets (Table 6 .8 ) .  LW changes were smal l , confirming the 

relatively small d ifferences calculated between intake and requ i rements.  The 

potential energy balance of 1 .60 MJ ME/buffa lo/day whi le on d iets of Artocarpus 

and negative balance of -0 .3425 MJ M E/buffalo/day whi le on d iet of straw a nd 

Ficus were not sign ificantly d ifferent (P=0.7 1 60) .  A negative balance of - 1 2 .94 

MJ ME /buffalo/day on the d iet of 90% Ficus ind icates that the buffaloes were 

not able to eat enough Ficus as they eat Artocarpus to meet thei r  energy 

requ i rements (Table 6 .8)  and hence buffaloes were mobi l is ing an equ ivalent 

body reserve and losing body we ight to produce mi lk .  Average BW of buffalo 

dropped to 3 1 4  ± 1 5  kg from its original 31 8 ± 1 5  kg in  80 days interval 

ind icating that there was a general trend for l ive weight loss in trial buffaloes 

during d ry seasons. S imi lar resu lts were found by Japanese researchers in  

Nepal (Hayash i ,  e t  al. , 2005) .  The body tissue loss was assumed to  be 

converted to  mi lk  with an efficiency of  84% and m i l k  equ ivalent energy balance 

was estimated to be energy in  m i lk  plus positive tissue energy balance or p lus 

0 .84 t imes negative tissue energy balance (Tyrrel l ,  2005) .  A negative balance of 

-64 MJ/day starting at day 7 continued u nti l 60 days post partum i n  low and h igh 

genetic potential cows (Coll ier, et aI, 2005; Crooker, et al. , 200 1 ) .  

Loss in  the BW of buffaloes on the h i l l  farms particu larly during dry and cold 

seasons is a normal physiological phenomenon of animals generally observed 

by farmers and researchers (Hayash i  et al. , 2005). To achieve comparable 

data , buffaloes were measured before 0900 hours on both occasions.  S imi lar 

tim ing was used by other researchers for weight measurement (Wi l l iams & 

Dudzihsk i ,  1 982). 

Cows in  early lactation typically cannot consume enough calories to meet the 

energetic requ i rements of maintenance and copious m i l k  secretion ,  and 
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consequently enter i nto a state of negative energy balance (Baumgard et al. , 

2006) .  Duri ng this study, apart from an imals' phys ical l imitations, advancing 

days were colder and d rier, and avai lab le feeds were poor in nutrition and 

d igestib i l ity . The energy value of body t issue mobi l ised is about 20 MJ/kg LW 

(MAFF ,  1 975) and hence 0 .647 kg of buffalo tissue is estimated to have been 

mobi l ised each day in buffaloes eating a d iet of Ficus. 

6.4.4 Dietary crude protein and secondary metabolites 

Crude protein  (GP) concentration of Artocarpus, Ficus and straw, respectively, 

was 1 25, 97 and 37 g/kg OM (Table 6 .5 ) .  The GP content of Artocarpus was 

with i n  the range of 1 22 - 1 3 1  g/kg OM reported from eastern Nepal (Panday & 

Nosberger, 1 985) ,  but that of F. glaberrima was lower than the 1 0 1 - 1 1 4  g/kg 

OM reported by Wood et al. , ( 1 994) for the months of January and February 

1 99 1 . Simi larly,  CP concentration of straw was lower than the 4 1  g/kg OM 

reported by Bhu iyan et  al. , (2003). Below about 60 g/kg d ietary CP wh ich is a 

threshold, ur inary n i troge n  is vanishingly low, most of it recycl ing and end ing u p  

i n  faecal n itrogen (van Soest, 2006) .  

The m in imum GP d iet concentrations requ i red for effective rumen function were 

estimated using Ind ian feeding standards for buffalo (Paul et al. , 2002) .  

General ly, CP concentration i n  the d iet fed to lactating buffaloes was not 

sufficient to meet requ irements .  Artocarpus with 1 25 g GP/kg OM was good 

enough to over-supply the CP requ irement,  however, that wi l l  not be avai lable 

d uring the true dry season . General ly ,  buffaloes were in GP deficit 1 5  % 

throughout the periods except for 20 days when buffaloes were eating 8.42 kg 

OM of Artocarpus that was supplying 1 059 g of CP.  This was a 246 9 excess of 

GP over the 8 1 3  9 GP requirement (8.42 kg x 1 25 .53 9 CP Ikg DM of 

Artocarpus). U ntreated straw having crude protein  level 30 to 40 g/Kg OM 

in itial ly  could be improved to  have potent ia l  crude protein levels of 70 to  90 g/Kg 

OM after treatment, wh ich is normally considered the min imum necessary i n  the 

d iet for adequate i ntake , d igestive activity of m icro-organisms and maintenance 

of l ive weight (Chriyaa, et al. , 1 997) .  Below 70 9 kg GP i n  the diet, forage i ntake 

decl ines because protein needs of the ru men m icrobes are not satisfied 

(Chriyaa,  et al. , 1 997) .  Table 6.5 shows that only leaves of Artocarpus and 

Ficus had GP above the l im it of 70 g kg OM; buds, figs and straw have less than 
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7% ep.  In this study the straw d iet was supplemented with 47% of Ficus, which 

has a ep concentration 2 .6  t imes h igher than that of straw. This was found to 

improve d igestib i l ity of the straw d iet hence there was no sig n ificant d ifference 

(P=0 . 3 1 ) between MJ ME/kg OM values of Artocarpus, straw and Ficus (Table 

6 .5) .  

MFT are a cheap source of protei n  and energy for rum inants . However, though  

the uti l ization of  dietary protei n  may be  enhanced by  the  presence of low 

concentration of polyphenol ics (tann ins) h igh tann in  concentration may inh ibit 

forage i ntake (Barry & McNabb, 1 999; O. Subba, 2001 ) .  

Artocarpus and Ficus are reported to have less than 5% tann i n  but i ts nature in  

these species is not known . Phenolic compounds which i nclude l ign in  a nd 

tann in  are quantitatively the most i mporta nt anti-nutrients present in tree fodder 

leaves and are considered to l im it volu ntary feed i ntake , d igestib i l ity and nutrient 

ut i l isation (Khanal & Subba , 200 1 ) . Ani mals feeding on M FT twigs may h ave 

adverse effects in terms of OMI  and metabol ic functions due to effects aris ing 

from commonly occurring secondary plant metabol ites (Jackson & Barry, 1 996; 

Melaku ,  et al. , 2004) .  I ncreasing concentration of condensed tann ins (eT) in 

Lotus corniculatus and Lotus pedunculatus reduces the rates of solubi l isation 

and degradation of fraction 1 leaf protein in the ru men (Barry & McNabb, 1 999). 

Subba ( 1 998) reported eT content of Artocarpus and Ficus as being 6 and 4 g 

eT/Kg OM respectively ,  but their qual ity i n  terms of extract ib le,  prote in bound  or 

fibre bound/components ( Barry & McNabb, 1 999), and its effects on d iet 

d igest ib i l ity is not known. Wil low browse in  New Zealand was found to have 30 

g of condensed tann in  /kg OM and that improved reproduction of sheep (Pitta , 

et al. , 2005).  Study of these effects on Ficus and Artocarpus i ntake on buffaloes 

wi l l  be usefu l .  

6.5 Concl usions 

It is concluded from th is study that ad libitum feed ing of Artocarpus, Ficus and 

53% straw plus 47% Ficus d iets provided satisfactory level of nutrition for L ime 

breeds of lactating buffaloes i n  the h i l ls of Pokhara ,  Nepa l .  But buffalo on the 

Ficus d iet were in substantial energy deficient. OMI  of 8 .42 kg for Artocarpus, 

7 . 1 7  kg for 53% straw plus 47% Ficus and 6 .39 kg for Ficus /buff/day ind icated 
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the preferred order of d iet based on the amount eaten .  The Ficus and 

strawlFicus d iets offer a source of fresh forage i n  the d ry season supplementing 

the basal d iet of rice straw with Ficus was found to substantial ly raise the 

e nergy value of the m ixed d iet to an e nergy level equivalent to that of 

Artocarpus. It is ,  therefore ,  recommended to supplement straw diet with about 

50% Ficus browse and it is recommended to conduct further trials to evaluate 

varieties of F. g/aberrima at different levels of feeding .  A d iet of 50:50 

Straw: Ficus, with (u nboi led) concentrate supplementation for lactating an imals ,  

would appear to be a good , practical fodder source for Nepalese smal l  farmers .  

The proven M FT F. g/aberrima is adapted to  local cond itions and is wel l  

accepted by buffalo and by subsistence farmers .  Therefore ,  its use wi l l  he lp to 

avoid over-rel iance on a few M FT species l i ke A.  /akoocha. 
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CHAPTER 7 

Vegetative propagation of F. benjamina usin g  non-
steri le  sand and hardwood cutti n gs 

(As publ ished in  the Proceed ings of New Zealand I nstitute of Agricultural & 

Horticultu ral  Science ; Agronomy Society of New Zealand,  NZ Society of Plant 

Physiologists ; Wednesday 22 to Friday 24 June 2005; Lincoln Un ivers ity , 

Canterbury, New Zealand) 

By Bhoj Bahadur Kshatri 1 , Peter D .  Kemp 1 , John Hodgson 1 N .  R. Devkota2; 

I nstitute of Natural Resources, Massey Un iversity, Palmerston North New 

Zealand\ I nstitute of Agricu ltu re and An imal Science ( IAAS),  Rampur, 

Tribhuwan U niversity, Nepal2 (correspondence bhoj kster@gmai l . com) 

7.1 I ntroduction 

Ficus species are mult ipurpose trees wel l adapted to harsh mounta in terra i n  

a n d  used b y  rural populations a s  a n  evergreen source of fodder for rum inant 

l ivestock, for fuel and shade, as well as for ecological conservation in  Nepal 

(Kshatri , 200 1 ) ,  and in  the Sahel ian and Sudanian zones of Africa (Danthu ,  et 

al. , 2003) . 

F. glaberrima and F. benjamina are both known as epiphytes or strangl ing fig 

(Starr, et al. , 2003). F. glaberrima is a sub-tropical tree, found in the H imalayan 

footh i l ls  ( Corner, 1 978), where it is used for fodder, fue l ,  erosion control and 

minor i ndustria l  purposes (Maithan i ,  et al. , 1 987) .  I n  Thai land, it is used as a 

framework tree (El l iott et al. , 2003). F. benjamina is present i n  New Zealand 

(NZ) where it is an indoor plant but F. glaberrima has never been recorded in 

NZ. Because only one species is  ava i lable in  NZ and the research is a imed at 

Nepalese and simi lar farmers , F. benjamina was used to develop appropriate 

propagation technology. 

Although vegetative propagation is a basic method for m ass scale produ ction of 

cuttings,  vegetative propagation of F. benjamina has not been extensively 

stud ied (Danthu et al. , 2002). Micro-propagation techn iques (Joshee et al. , 
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2002; S .  B .  Rajbhandary ,  1 992) advanced by the western world are p ractical ly 

useless for remote areas in  Nepal ,  Bhutan and s im ilar areas where there are 

no electricity and i rrigation facil it ies. Therefore , there is a need to develop 

practical propagation  methods,  by combin ing indigenous technical knowledge of 

local farmers and relevant scientific i nformation .  Nepalese farmers requ i re a 

hard y  and healthy sapl i ng  that needs relatively l imited care after p lant ing for 

reforestation of the mountain ecosystem .  Selection of species , harden i ng of the 

sapl i ngs produced and raising them to a stage of transplantation and 

establ ishment is chal lenging .  

Previous experience found that larger size cutt ings with more than 1 5  leaves 

performed poorly. The objective in this study, which formed part of a project on 

the establ ishment a nd management of F. glaberrima i n  Nepal , was to develop 

an effective propagation method. 

7.2 Material and methods 

Treatments were 1 00% unwashed river sand (S), 1 00% com mercial  m ed ium 

(CM) and a 50:50 m ixture of the two (M) .  Particle d iameter in  the sand was 70% 

<2 m m  and 30% 2-5 mm diameter; no fert i l izer was added and the sand was 

not steri l ised . The com mercial med ium was formed from composted p ine bark 

with added l ime, dolomite and osmocote ( 1 00 g m ,  300gm,  and 1 50 per 1 00 gm 

bark respectively). 

A randomised complete b lock design (RCBD) with three treatments and  three 

repl ications with 1 6  cutt ings per plot was used for the experiment. 

7.2 . 1  Preparation of cuttings 

F. benjamina leaves, bark and wood conta in  m i l ky sap, which oozes out duri ng 

twist ing ,  breaking and cutt ing .  To avoid stickiness whi le preparing  the cuttings, 

the sap was washed off by immersing cuttings in clean water i mmediately after 

branches were cut from the trees. This also helped min im ise evapotranspiration 

stress of cuttings. 

A total of 1 44 cuttings were prepared using trees avai lable at PGU ,  Massey 

Un iversity, New Zealand.  Three out of 25 trees were randomly selected as 
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mother trees from which the cutti ngs were taken .  I n  this trial cutti ngs varied from 

20 to 80 cm i n  length , 2 to 2 1  branches, and 2 - 1 00 leaves. They were trimmed 

to 22 .5  cm length, 2 - 8 branches and 2 - 1 5  leaves, and were al located at 

random between treatments and repl icates. 

A s ing le wound was made in the camb ium layer of each cutt ing using a sharp 

kn ife and then treated with 0 .3% indolebutyric acid ( IBA). Cutt ings were 

mainta ined at 20 to 24°C i n  a control led temperature heat bed , where the m ist 

was regulated for a 1 0  second spray every five m i nutes throughout the 

experiment. Root and shoot growth were recorded 55 days after plant ing.  After 

wash ing gently using a water hose total root nu mbers on a cutti ng were 

counted , and the longest root i n  a cutt ing was measured . Retention of older 

leaves and the growth of new leaves on a plant was also recorded.  

7.2.2 Statistical analysis 

The general l i near model (GLM) of Statistical Analysis System was used to 

perform analysis of variance (AN OVA) and means were compared (SAS 

version 8 .2 ,  1 999-200 1 ) . U nless otherwise stated ,  statistical s ign ificance was 

tested at the 5% level (P <0.05) .  

7.3 Results 

There was no difference in the n umber of roots per cutti ng for the three 

treatments . Also, there was no d ifference in old leaf retention per cutti ng .  M and 

CM treatments had s ign ificantly greater root length per cutt ing than  S and 

production of new leaves was approximately three times greater in M and CM 

than S. Root length and emergence of new leaves were i n  the order of 

CM=M>S (Table 7. 1 ) .  
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Table 7. 1 Effect of sand (coarse and non-steri l ised S), commercial plant growth 
media (CM) and 50% mixture of sand and commercial media (M) on 
root and shoot growth of  F. benjamina cuttings in  a g lasshouse. 

Root g rowth Shoot g rowth 

Plant g rowth Live Root N umber Root Reta ined leaves New leaves 

media length (no) (no) 

(mm) 

S 1 0 .8 S .3b 2 . 7 1  1 . 1 8b 

M 9 .5 7 .8a 3 . 3 1  3 . 1 8a 

CM 9 .3  6.9a 2 .58 3 .00a 

LSD 5% 1 .6 1 .27 0 .73 0 .65 

SEM 0 .5  0.45 0 .26 0 .23 

P- value 0 . 1 3 1 8  0.0007 0 . 1 1 28 0.0001 

Note : Means with i n  a column with the same letter were not sign ificantly 

d ifferent. 

7.4 D iscussion 

Rates of root and leaf development were clearly better on cutt ings growing i n  

commercial medium than i n  sand (Table 7 . 1 ) , but there was no  d iffere nce 

between treatments in the number of surviving roots and leaves and no 

difference in cutting survival .  There is a strong correlation between number of 

roots a nd survival of plants (Ahmed et al. , 2003) 

Survival of F. benjamina hard woodcutti ngs was 26 % during an in it ial tria l ,  

whereas i n  th is  trial survival was 93 % .  It is not  clear whether the apparent 

g rowth advantage of cutti ngs in commercial root ing med ium reflected the effect 

of med ium structure ( Navatel & Bourra i n ,  1 994) ,  nutrient su pply (Dick et al., 

2004) or avoidance of pathogens ( Preece, 2003) Automatic m isting assists 

moisture maintenance in sand and farmers would need to water regularly and 

shade the cutti ngs. 

In conclusion ,  coarse and non-sterile sand is effective as a low cost alternative 

med ium for rooting of F. benjamina cuttings. M in im is ing the s ize and the 

number of leaves wil l  reduce the leaf surface area on cutti ngs to be propagated ,  

which wi l l  enhance the survival rate. 
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CHAPTER 8 

Leaf s u rvival and biomass p rod uction of F. benjamina 
conta i neri sed i n  a g l asshouse 

8.1 I ntroduction 

I n  comparison to deciduous species, evergreen plants have a lower leaf nutrient 

conten t  and a larger leaf l ife span ,  important mechanisms for nutrient economy, 

a l lowing the colonization of low ferti l ity soi ls (Haddad ,  et al. , 2004) .  To i nclude 

the M FT i nto feed budgets , a method is needed to estimate the edible forage 

yield of the tree (Kemp et al. , 2003).  Chapter 7 described the low cost 

propagation media for F. benjamina whi le th is  cha pter describes the effect of 

those med ia (Chapter 7) on leaf age and biomass production of F. benjamina i n  

a glasshouse during a subsequent establ ishment period of two years . 

The age of a leaf affects an imal nutrition (Karachi et al. , 1 997). For example,  the 

leaves and immature fractions of L. leucocephala were h igher i n  n itrogen ,  

phosphorus, potassium and  d igestib i l ity but lower in  calcium,  magnesium and  

fibre than older leaves ( Karachi ,  1 998). S imi larly, there was a reduction i n  

n itrogen and potassium levels with increasing leaf age (Ju l ian , 1 979). F. 

benjamina, a multipurpose fodder tree (M FT} i n  the trop ics l ives for over a 1 00 

years but its leaf age is unknown. Leaf age affects growth rate and the feed 

qual ity of the leaves (Mooney & Gulmon,  1 982) .  Long l ived leaves tend to be 

more fibrous and h igher i n  secondary chemicals than short l ived leaves (Baas, 

1 982) . I nformation on  age of M FT leaves is i mportant to farmers ,  researchers 

and p lanners but l im ited information is avai lable on leaf maturity and leaf 

chemistry (Garcia et al. , 1 996) .  Whi le leaf age related leaf chemistry was 

beyond the scope of this study, the objective here was l im ited to measurement 

of the age of F. benjamina leaves on young trees in glasshouse conditions and 

also estimation of b iomass by destructive sam pl ing .  

8.2 Material and methods 

The fol lowing three rooting media were used du ri ng propagation of the F. 

benjamina cuttings on 5 December 2003 and 1 9  January 2004. 
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CM = Commercial media only (0 % sandY M = Mixture 50% sand and 50% 
commercial media (Mix); S = Sand only (100% sand).  

See chapter 7 for deta i ls of media,  pots and glasshouse cond it ions at Plant 

Growth Un it PGU), Massey U niversity, New Zealand .  

8.2.1 Leaf senescence 

Leaf age was monitored for 26 months from 21 August 2004 to 25 September 

2006 using a randomised com plete block design (RCBD) to measure the effect 

of: 1) 100% non-steri le sand,  2) a mixture of 50% sand and 50% com mercial 

med ia ,  and 3) commercial media on leaf senescence and biomass production .  

A total of 1440 leaves, (1440 leaves = 10 leaves per tree x 16 trees per plot x 9 

plots = 144 trees in total) with 480 leaves per treatment (160 x 3 repl icated 

plots) were marked using a permanent marker and any fal len leaves were 

collected and recorded over a period of 910 days. 

Plate 8.1 Transplanting to 20-l itre bucket. 
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Plate 8.2 Marking the leaves for the leaf age study 

Arrangements were made to compare the biomass production of trees grown in 

and outside the glasshouse. For this purpose 48 trees were kept outside the 

glasshouse. Plants propagated by cuttings on 5th December 2003 were grown 

inside the glasshouse for 1 5  months unt i l  2 April 2005 when they were put 

outside the glasshouse exposing F. benjamina plants to the weather outs ide of 

the glasshouse at Plant Growth Un it (PGU) ,  Massey University , New Zealand,  

but plants were sti l l  i n  containers. The plants were al lowed to grow until the age 

of 30 months when five plants were randomly selected for destructive sampl i ng .  

8.2.2 Statistical analysis 

Analysis of variance (ANOVA SAS version 9 . 1 )  and logarithmic regression 

(SigmaPlot) were used . Pearson correlation coefficients were analysed to 

compare the tree height, canopy, basal d iameter, leaf d ry matter (OM) bra nch 

OM, root OM and nu mber of leaves per tree. 

8.2.3 Biomass production 

Destructive sampl i ng was used to estimate biomass production  of F. benjamina 

trees grown inside and outside the glasshouse. A total of 20 trees, (five trees 

from each treatment and five trees from outside the glasshouse) were randomly 

sampled and separated i nto leaves, branches and roots . They were oven d ried 

at 60 ± 3° c for 7 to 1 0  days unti l a constant weight (AOAC, 2000a). 
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8 .3  Results 

There were sti l l  52 leaves (3 .6 %)  intact on 25 trees ( 1 7 .36 % )  out of the 1 440 

leaves orig inal ly marked on 1 44 trees after 9 1 0  days of observation .  When 

leaves were marked on 2 1  August 2004, there were 2 . 7 1  leaves per tree i ntact 

on  each tree (Chapter 7) .  There were 1 3 , 6 and 6 plants i n  each treatment with 

25 ,  1 4  and 1 3  leaves remain ing intact on them ind icating u p  to 3 .6  % of leaves 

could survive longer than 9 1 0 days . 

ANQVA results showed that there were no sign ificant d ifferences existed 

between number of leaves measured on 2 1  August 2004, 3 March 2005, 1 3  

J u ne 2005, 22 Qct 2005, 2 1  May 2006 and 25-Sept 2006 (Figure 8. 1 ) . 

H owever, the senescence rate was s ignificantly ( P= <0 .000 1 ) affected by 

treatment d uring the first 33 months of plant l ife (Cuttings were planted on 5 

December 2003 and final leaf record ing was done on 25 Sept 2006 = F igure 

8 . 1 , Table 8 . 1 ) .  

� 14  
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Figure 8.1 Leaf survival rate of evergreen tree F. benjamina over 91 0 days in 

glasshouse conditions. 

Significant d ifferences on the rate of leaf fal l  between plants, grown using 

d ifferent media  and measu rement dates. Results clearly shows that leaf fal l  

starts a t  400 days and the rate of  fal l  accelerates unti l  700 days. Fifty-two 

leaves remained even 91 0 days after mark ing .  
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Table 8. 1 Standard deviation and significance of leaf survival rate (Figure 8. 1 )  

2 1  August 3 March 1 3  June 22 0ct 2 1  May 25-Sept 

2004 2005 2005 2005 2006 2006 

No .  of Days 2 1 0  425 5 1 0  630 8 1 0 925 

SO ± 0 .00 0.00 2 .50 2 . 1  1 .4 1 . 0 1  

S ign ificance 0 .00 0 .00 <0. 000 1 <0.0001 0.36 0 . 1 85 

There were 1 00 % leaves i ntact on  trees unti l  450 d ays after marking in al l  

treatments .  Logarithmic regression analysis showed the h ighest rates of leaf fal l  

started on day 5 1 5  (R2 = 0 .97) ,  day 550 (R2 
= 0.95) and day 588 (R2 

= 0 .99) 

after marking on plants grown on CM, M and S media respectively (Table 8 .2) .  

Leaves therefore l ived for over 500 days under greenhouse cond it ions. 

Table 8.2 Leaf survival rate (slope of leaf fal l/day) for F. benjamina growing in 
three media in pots in  a glasshouse. 

YCM = 1 0 . 32/1 +expO ULb·(X.o1521)
, R

2 = 
0.97 ( 1  ) 

YMix 
= 

1 0 .4611 +exp0 01 4·(X.550 03)  
, R2 

= 0 .95 (2) 

YSand = 1 0 .2 1 /1 +exp0 01 7'(X.58845) 
, R2 = 

0 .99 (3) 

Treatment Rate or leaf fa l l  /day(slope) SE 

CM 0 .026a ± 0.0093 

M ix 0 .0 1 4° ± 0 .0052 

Sand 0 .0 1 7ba ± 0 .0022 

Means with the same letter are not signIficantly d ifferent .  

8.3 .1  Height, canopy and basal diameter 

Table 8.3 Height, canopy diameter and basal diameter of F. benjamina trees. 

Treatment 

Outside 

CM 

Mix 

Sand 

SE t 

Sign ificance (P= 0 .05)  

Tree measurement (mm) 

Plant Height 

904c 

1 204° 

1 430a 

1 274 ba 

56 . 39 

<0 .000 1 

Canopy d iameter 

762° 

1 028a 

1 1 30a 

1 064a 

60 .9 

<0.000 1 

Means with the same letter are not significantly d ifferent. 
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Stem diameter were significantly greater for plants grown in d ifferent media 

i nside the glasshouse than outside glasshouse (Table 8 .3 ) .  Sign ificance is only 

due to ins ide/outside comparison. There is  m in imal difference between media 

inside.  

8 .3 .2 Biomass and leaf number 

Table 8.4 Biomass production (g OM/tree) in glasshouse conditions. 

Treatment 

Outside 

CM 

Mix 

Sand 

SE ± 
Significance (p= 0.05)  

Number of 

leaves 

845c 

1 759b 

1 97 1  ba 

2256a 

1 02 

<0.000 1 

Biomass (g OM ) 

Leaves Branches Roots 

84b 99b 94b 

24r 275a 262a 

249a 30r 320a 

24r 286a 29 1 a  

5 .77 1 6 .3  2 1 .46 

<0 .000 1 <0.000 1 <0.0001 

Means with the same letter are not significantly d ifferent. 

Biomass production per tree (g DM/tree) was significantly d ifferent between the 

plants grown ins ide the glasshouse and outside of it (P=<O .000 1 ) . N umber of 

leaves were sign ificantly h igher on the plants propagated us ing sand med ia 

(Table 8.4, P=<O.0001 ) and grown i nside the glasshouse. However, there was 

no s ign ificant d ifference betwee n  DM production of leaves,  branches and roots 

of plants grown inside the glasshouse (Table 8 .4) .  

Table 8.5 Pearson correlation coefficient among variables measu red on F. 
benjamina. Levels of significance are indicated in  ital ics. 

Height Canopy Basal OM leaf OM branch OM roots 

diameter 

Height 1 . 0000 0.677 0 .75 0 .8  0 .78 0.74 

0.001 0.0001 <0.000 1 <0.0001 0 .0002 

Canopy 1 .0000 0 .73 0 .78 0 .82 0 .8 1  

0 .0002 <0.0001 <0 .000 1 <0.0001 

Basal d iameter 1 .0000 0 .89 0 .88 0 .87 

<0.0001 <0 . 0001 <0 .000 1 

OM leaf 1 . 0000 0 .94 0 .9  

<0.000 1 <0.000 1 
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DM branch 1 .0000 0 .94 0 .89 

<0.000 1 <0.000 1 

DM roots 1 .0000 0 .87 

<0.0001 

N umber of leaves 1 .0000 

Correlation coefficients (R2) ranged from 0 .67 to 0 .94 among the tree 

components examined .  Strong correlation existed between branch and leaf DM 

followed by branch and root DM (R2 =0.94). S imi larly ,  moderately h igh 

correlation (R2 
= 0.67) existed between he ight  and canopy d iameter and height 

and number of leaves (Table 8 .5) ,  

8.4 Discussion 

This d iscussion mainly deals with the leaf survival and the smal l  effect of plant 

growth med ia on leaf fal l  of evergreen F. benjamina stud ied under glasshouse 

cond itions. 

F. benjamina (var = benjamina) was clearly an evergreen tree species with no 

leaf fal l  occurring until 450 days (well over one year) from mark ing ,  and 3.6% of 

marked leaves beyond 9 1 0 days. Evergreen species com monly reta in  leaves 

for one to many years (Mooney & Gulmon,  1 982) ensuring year round supply of 

fresh and nutritious leaves for herbivory. I n  this study Ficus leaves typical ly 

survived nearly 3-times longer than those of deciduous Artocarpus, poplar or 

wil low. However, when a leaf is matured , and l ign ified ,  it becomes harder to 

browse and d igest (Karach i ,  1 998). 

Deciduous tree leaves general ly have h igher photosynthetic capacity than 

evergreen leaves, but there is a year-round photosynthesis in evergreen leaves 

(Mooney & Gu lmon ,  1 982). Dry matter add ition to the leaf is conti nued even 

after fu ll leaf expansion (Mooney & Gulmon,  1 982) . 

Leaf survival rate as an ind icator of rate of leaf fall per day is given i n  equations 

( 1 ) to (3) in Table 8 . 1 .  There was a strong correlation between plants g rown on 

d ifferent media and rate of survival of leaves (Table 8 .3) .  Leaf survival rate 

increased with increasi ng moisture (8argal i , 1 997). H ighest rate of leaf fall 
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0.026 ±0.0093, 0.0 1 4  ±0.0052 and 0 .0 1 7  ±0 .0022 leaf/tree/day started at 5 1 5 ,  

550 and 588 days after marking for CM fol lowed by M and S grown trees 

respectively. 

Based on the leaf phenology four plant function types are recogn ized ( 1 ) semi­

evergreen,  (2) <2-months -deciduous, (3) 2- 4 months deciduous and >4-

months - deciduous. F. benjamina is a true evergreen and does not fal l  in any 

of the above four categories. Rapid recru itment of leaf crop in the shoots , longer 

leaf l ife-span,  and access to ground water due to deep roots are some of the 

advantages the evergreens had over deciduous trees (Neg i ,  2006).  

8.5 Conclusions 

The senescence rate was sign ificantly affected by plant growth media used 

during propagation .  No leaf fal l  occurred unti l 450 days after marking.  

Prolonged age of F. benjamina leaves may result i n  a h igher proportion of 

ind igestible fibre that cou ld contribute to d ifficulties in  browsi ng a nd d igestion.  

Regular lopping management p ractice wi l l  enhance continuous regeneration of 

evergreen leaves, and weekly to month ly proximate analysis of leaves of 

d ifferent age grou ps wi l l  help better define the nutritional relationsh ip between 

seasonal variation and maturity of leaves . 
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CHAPTER 9 

General d iscussion and concl usions 

9 . 1  Introduction 

Lack of an imal feed particularly  duri ng the n ine months from October to June is 

the major problem in the h i l l-farming ecosystem of Nepal , and plant ing 

multipurpose fodder trees (M FT) could be the solution .  A deciduous MFT, A. 

lakoocha, is known for its potential to raise the mi lk  q ua l ity and quantity in  

lactating rum inants. It i s  preferred by an imals, l iked by farmers and grows 

relatively fast, but has a serious constra int, lacking no leaves when they are 

most needed by animals. Evergreen F. glaberrima has grown on farmed land 

for generations but its potential as a fodder tree never been scientifical ly 

i nvestigated . To include the M FT in  feed budgets , a method is needed to 

estimate the ed ible forage yield of the tree (Kemp et al. , 2003). The princi pal 

objective in  this PhD research was to evaluate the suitabi l ity of F. glaberrima for 

large scale p lanting in degraded h i l ls producing year round a supply of 

supplementary nutrit ion for rum inants. 

Following a review of past work on M FT in  Nepa l ,  six experiments (Chapter 3-

8)  were used to compare and verify the potential of F. glaberrima or the closely 

related F.benjamina for forage product ion and n utritive value in the h i l l  farms. 

Projects were presented in  the Institute of Natural Resources, Massey 

University in New Zealand and at the 5th National An i mal Science Convention ,  

organ ised b y  Nepal Animal Science Association (NASA) in  Kathmandu,  from 1 5  

- 1 6  October 2003 and comments were i ncorporated ( Kshatri , 2003) .  

9.2 Resu lts of the review of past work in Nepal 

The l i terature clearly h igh l ights the chronic lack of d ry season feed and its 

adverse effects on health and productivity of an imals i n  Nepal ( Pariyar, 2006 ; 

Rajbhandary & Shah , 1 98 1 ; Rana & Amatya , 2000; S ingh ,  2000). There is  a 

convincing need to protect natural plant communities and restore them i n  

degraded landscapes where reforestation activities need to b e  guided b y  sound 

principles, practical conservation tools ,  and  clear priorities (Keddy, 2005) .  I n  

Nepal ,  over 250 species of M FT are being used in  the  eastern reg ion a lone 
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(Subba, 200 1 ) .  However ,  no reports were avai lable on the nutritional  potential of 

evergreen F. g/aberrima as a promising tree for the reforestation of degraded 

h i l ls (Kshatri , 200 1 ) .  A primary objective in this chapter is to report the 

i mpl ications of the results set out in Chapter 3 -8 principal ly to the h i l l  farmers ,  

the p lanners and the policy makers . To make the results more m ean ingfu l ,  on­

farm evaluation of MFT was based on ;  

- User farmers' experience on  local MFT, 

-Suitabi l ity of M FT at 3 ecological strata and the biomass yie ld ,  

-Sheep preferences, 

-Lactational response of buffaloes eating MFT, and 

-Abi l ity of M FT to propagate in  low cost sand media and the effect on leaf 

age. 

9.2.1 User farmers' experience on local MFT 

The objective i n  Chapter 3 was to encourage the farmers to d iscuss their 

problems in  relation to the dry and deteriorating cond ition of an imal feeding 

resources,  and select the best M FT.  This can be done by pool ing the 

indigenous knowledge they have by means of a focus group workshop ( FGW) 

for identification , selection and prioritisation of MFT for further research and 

planting to provide lasting ecological services to hi l l  farm inhabitants.  

Two key find ings of the FGW were ( 1 ) the top fou r  fodder tree species 

prioritised for detai led study are Ficus g/aberrima, Artocarpus /akoocha, Ficus 

benjamina and Bassia butyracea, selected from 1 575 trees belonging to 27 

M FT species grown by 30 farmers at the research site, and (2) the identification 

of three varieties of F. glaberrima which d iffer considerably from each other i n  

terms of visual appearance and seasonal  growth of new leaves (early-season= 

Maghe, m id-season=Chaite and late season=Jethe) .  

Farmer's techn iques for selecting M FT were based on their experience, amount 

earned from the production of odour-free mi lk  and meat as a response to eating 

M FT browse ,  growth rate of both plant and an imal ,  biomass production , year 

rou nd supply of leaves, ease of propagation and lopping by cl imbi ng the trees, 

hardiness, effect of tree on u nderstorey crops and soil conservatio n  properties . 
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9.2.2 Suitabi l ity at 3 ecolog ical strata and biomass yield of M FT 

Based on  the recommendation made during d iscussions in  the focus group 

workshop (Chapter 3) with user farmers , three farming habitats each with a 

range of 200 m elevation were selected for comparing the biomass production 

of A. lakoocha and F. glaberrima. The objective was to compare edible biomass 

production of F. glaberrima and A.  lakoocha at d ifferent altitudes in Kal ika-6, 

Pokhara N epal . Those trees lopped for 50 years and expected to keep on 

produci ng fodder for another 50 years '  were randomly selected from high ( 1 200 

- 1 440 m), mid ( 1 000 to 1 200 m) and low (800 - 1 000 m)  altitudes in western 

Nepal and their potential ity (OM kg/tree/year) was compared . 

The result of this study clearly demonstrated that F. glaberrima had significantly 

h igher OBH ,  CR a nd OM production than A. lakoocha. Resu lts wi l l  serve as a 

standard decision tool for examin ing other alternative tree species i n  relation to 

A. lakoocha and F. glaberrima. 

Tree population data (trees/ha) presented here were calcu lated on the basis of 

the rad ial extension of branches as indicators of the performance of M FT 

species at d ifferent altitudes. Tree density for F. glaberrima was 6 1 , 98 and 1 45, 

trees/ha and for A. lakoocha was 236 , 1 89 and 222 trees/ha respectively , for 

low, mid and h igh altitude farms (Table 4 .8) .  Likewise, ed ib le browse OM 

production per hectare was 9, 10  and 12  Uha for F. glaberrima and 23 ,  16  and 

1 8  Uha for A. lakoocha respectively for low, mid and h igh alt itude farms. The 

result is encouraging for the renovation of degraded h i l l  farms in  the sense that 

even if ed ible biomass production (kg OM/tree) and plant dens ity (tree/ha) are 

reduced by 50%, p lanting F. glaberrima wil l sti l l  be beneficial to the inhabitants 

of the fast degrad ing agro-ecosystems in Nepal .  OM production from natural 

pasture or straw production from crop land area in  the h i l l  habitat varies from 

0.05 to 4 .0  Uha (Rajbhandary & Shah ,  1 981 ; Shrestha, et al. , 2004). For m ore 

information ,  see Table 3.2 i n  Chapter 3.  Planting trees is a real istic alternative 

to ra ise the productivity of h i l l-farm ecosystems.  

9.2.3 Sheep preferences 

Fodder trees are a n  i ntegral part of the farm ing system that provides the low 

cost protei n  and e nergy sources of ruminants i n  the h i l ls  of Nepal (Subba, 
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200 1 ) .  I ntake of browse species can be strongly i nfluenced by preferential 

behaviour of an imals (Hodgson , 1 986, 2004; Prache, et  al. , 2006; Robertson ,  et 

al. , 2006; Smit ,  et al. , 2006). 

The main purpose of the tria l  in  Chapter 5 was to evaluate grazing preferences 

for tree fodder using Romney sheep as u lt imate users of browse . However, F. 

gaberrima is not avai lable in NZ due to phytosanitary restrictions ( Environment 

Risk Management Authority = ERMA, NZ),  so it was decided to conduct 

research on F. benjamina which is avai lable as a household p lant i n  NZ and 

grows wel l  in  s imi lar environments to F. g/aberrima i n  Nepal . Poplar (Populus 

deltoides x nigra , clone,  Veronese) and wi l low ( Sa/ix matsudana Koidz. alba L ,  

cv Tangoio) were used as the reference base. 

Two key find ings in this tria l  were ( 1 ) poplar and wil low were strongly preferred 

to F. benjamina, provided there was a choice .  However, given no  choices , 

i ntake of F. benjamina, was s imilar to that of Poplar and Wi l low. It is  concluded 

that i ntake of F. benjamina should not normally be i nh ib ited by palatabi l ity 

factors (2) There was a strong negative l i near relationship [(R2 
= 0 .729) (across 

species and maturities)] between dry matter intake and force appl ied to tear the 

leaves ;  this may provide a basis for plant i mprovement work in future .  

9.2.4 Lactational response of buffaloes eating MFT 

The objective was to compare the OMI (kg/buffalo/day) of buffalo on d iets 

supplemented with the tree forage,  and the corresponding energy balance i n  

lactating buffaloes to provide guidance on selection of the best M FT for 

replanting on degraded h i l ls .  

There were three key find ings from this project; 

( 1 )  M i l k  supply is needed throughout the year, but it is l imited to the feed glut 

months of Ju ly to October when the majority of calving occurs to natural  mating 

(Shrestha , 2003) .  Shrestha (2003) and Rasal i  (2006) also mention that  l i ttle 

calvin g  occurs throughout the year. For buffaloes calving during the main d ry 

period of February to June,  the evergreen M FT is the only green feed avai lable 

to them in  remote areas . M i lk  supply decreases duri ng the dry season owing to 

lack of feed (Rasa l i ,  2006) .  Planting M FT wil l  boost year-round supply of animal  
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feed and help to mainta in  consistency in the m i lk  production and marketing  

chain . 

(2) Based on a feeding trial using the Lime breed of buffalo (Chapter 6) ,  a 

lactating buffalo needs 3073 kg OM/year (OM I 8 .42 kg x 365 days) .  This is 

equivalent to the feed produced by 1 9, 29 and 36 A. lakoocha trees at low, mid 

and h igh  altitudes respectively in  the existi ng sparsely planted situation in  the 

h i l ls of Nepa l .  A. lakoocha is a deciduous tree and its leaves are not ava i lable 

for feed ing during dry seasons. The only tree species that can provide a year 

round supply of fresh and green leaves is F. glaberrima. The only equ ivalents 

member of F. g/abirrima trees would be F. benjamina and Bassia butyracea at 

low, med ium and h igh altitudes. Up to 47% OMI  as F. gfaberrima (3 .36 kg 

OM/buffalo/day) was found to improve the ME of the buffalo d iet based on rice 

straw to an equ ivalent level of M E  suppl ied by A. lakoocha. Supplementing the 

basal d iet of rice straw with 47% of F. g/aberrima twigs was found to raise the 

energy value of the d iet from 5.4%MJ ME Ikg OM to 9 .4 1  MJ ME/kg OM, an 

energy level equivalent to Artocarpus. Metabol isable energy balance (MJ 

ME/day) was greater in  lactati ng buffalo eating A. lakoocha than F. glaberrima, 

with the m ixed diet i ntermediate (+ 1 .60, -0.34 and - 1 2 .94 MJ ME/buffalo/day 

respectively,  P=0.03 1 8) .  The Number of F. gfaberrima trees required to supply 

3 .36 kg OM dai ly for 9 months ( 30 x 9 months = 270 days) is calculated to be 6, 

9 and 1 1  trees respectively for low, mid and h igh a ltitudes. Farmers in the h i l ls 

of Nepal are capable of managing those numbers of Ficus and lactating 

buffaloes (Chapter 4) 

(3) Rice straw is known for its poor nutritional qual ity, but it is the basic d iet on 

which h i l l  an imals l ive during d ry seasons. I n  the past various treatments were 

appl ied to improve its qual ity by treating with urea , ammonia ,  sodium hydroxide, 

steam ,  p ressure or exploded by pressure release , use of acid and wh ite rot 

fungi (Van Soest, 2006) ,  but none of these methods have any practical 

appl ication for the h i l l  farmers .  Su pplementing straw with F. glaberrima cou ld be 

a practical way to i mprove the straw based diet. Most low qual ity fib re sources 

can be i ntroduced into dairy rations at modest levels without deleterious effects 

(Van So est, 2006). Forage production for dry season feed ing is not yet 

1 4 1  



Chapter 9 General discussion and conclusions 

practiced widely in the tria l  area; however, sparsely planting MFT is a trad it ion 

that helps supplementary feeding. 

9.2.5 Abil ity to propagate M FT on low cost sand media and effect on leaf 
age 

Methods used to propagate F benjamina cuttings us ing coarse sand can be 

repl icated in  Nepal to produce adequate numbers of sapl ings for renovation 

planting .  It took 55 days to prepare 30 cm tal l  sapl ings with over 2 m m  stem­

d iameter and bearing  20 leaves (Chapter 7) .  The key fi nd i ng (Chapter 7)  was 

that the survival rate of cuttings was over 93%,  using relatively s imple 

propagation techn iques so long as the cuttings were trim med to control the leaf 

surface area (Chapter 7)  This finding supports other resu lts (Ahmed , 2003), and 

provides confidence in  the feasibil ity of  s imple propagation techn iques for h i l l  

farmers. 

Leaf, shoot and root proportion (kg OM/tree),  of containerised F benjamina 

plants 9 1 0  days after planting cuttings i l lustrates the turn-over of F benjamina 

leaves and biomass production (Chapter 8) .  No leaves from the orig inal ly 

marked population fel l  unti l  450 days after marking and 52 out of 1 440 leaves 

were sti l l  intact on the trees at 91 0 days . The rate of leaf fal l  was affected to a 

l imited degree by the med ia used for propagation . Leaf l ifespan greater than 

one year usual ly results i n  means the leaves becoming highly l ign ified and 

contain i ng defence chemicals. As a consequence, nutritive value of the leaves 

would be expected to decrease . 

Leaves which have high photosynthetic rates generally have h igh leaf protei n  

content, and this makes them additional ly attractive to herbivores (Mooney, 

1 991 ) .  Grazing can result i n  premature leaf-fal l  and extend  the "normal" season 

and cycle of decomposition beneath a plant ,  thus increasi ng the conservation of 

nutrients (Owen & Wiegert, 1 976). 

9 .2.6 Storing browse 

Cl imbing a tree for lopping is a daily chore for those farmers keep ing ruminant 

an imals, particularly during d ry periods when no grazing or grass for cutt ing is  

avai lable. Cl imbing a 20 m h igh tree without a harness is not safe .  Trees 

become sl ippery and  riskier on rainy days. Lopping 1 0  days earl ier al lows trees 
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to regenerate leaves earl ier. Farmers concern was to red uce the number of 

cl imbs on the trees. Storing of the fresh and green fodder for a week or 1 0  days 

after the lopping date helps to reduce the number of cl imbs on the trees and 

red uce the cost of frequent transport using labour. Storing browse for a day or 

two is  a common practice among h i l l  farmers ,  however storing for 1 0  or more 

days had a practical appl ication reducing the number of cl imbs, which a lso 

helped to reduce the cost of the experiment. 

Palatabi l i ty and nutrit ional qual ity of leaves may decrease d uring storage. Sti l l ,  

leaves stored for 1 0  days away from direct sun l ight and i n  a relatively cooler 

corner of the shed and sprayed with clean water, are thought to be nutritional ly 

better than the qual ity of rice straw, which is the only alternative avai lable during 

the d ry period . It was experienced that the day t ime lopping resulting in a faster 

d rying of leaves lead i ng to leaf d rop during transportation .  It is better to harvest 

and pack MFT d uring the early hours of the day to m in im ize moisture loss . 

Buffalo and cows eat twigs with leaves, bark, figs and soft wood while feed ing in 

sta l l . Samples randomly taken from the browse ready for feeding showed 

proportion of leaves 62 and 65 %, bark 1 4  and 1 3%,  and edible soft wood 24 

and 22 % for Ficus and Artocarpus respectively. When figs were abundant 

dur ing January 2005, browse samples were analysed for the contribution of figs 

to the d iet of lactating buffalo, The ratio was 45: 1 4 : 1 5:26 for leaves: figs: bark: 

ed ible wood . Fruits of Artocarpus were not avai lable for the same type of 

com parison during January i n  Kal i ka-6 Sunpadal i  research site .  

9.3 Future research need 

Technology generation is the basic need of the subsistence farmers. Livestock 

production problems are d ifferent in disti nct ecological zones. Thus, although 

the research reported in  this thesis has docu mented the potential value of 

procedures for regenerating and rei ntroducing M FT species into farming 

systems through improvements in seedl ing establ ishment,  tree management, 

and management and nutritive value of browse, there is need for further work to 

confirm the value of these i mprovements over a range of a ltitudes and 

exposures. Nevertheless, F. g/abirrima is clearly well adapted to the local 

environment and capable of being grown on-farm by subsistence farmers . Its 
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large scale plant ing on degraded h i l ls wi l l  he lp  to avoid over-rel iance on a few 

M FT species l i ke A. Jakoocha. Against th is background , the fol lowing 

recommendations are made for future research practice: 

Recommendation 1 :  Four M FT species, identified from ind igenous knowledge 

(F. g/aberrima with its three varieties (Maghe ,  Chaite and Jethe), Artocarpus 

/akoocha,  Ficus benjamina and Bassia butyracea) are the best resources for 

renovating degraded lands.  Ficus varietal d ifferences wi l l  a l low lopping at 

d ifferent periods of the year and they were palatable to an imals.  Research can 

now be focused on a detai led study of selected M FT species and Ficus varieties 

so that farmers practicing  sta l l  feeding with a cut and carry system wi l l  benefit. 

Recommendation 2: Results obtained and  methods used i n  this study wi l l  

enable researchers to better estimate the feed ing value of economical ly viable 

but under-uti l ised mu lt ipurpose trees/shrubs. For example;  the in vivo DMD of 

F. benjamina was 64 %, which is substantial ly above the 55% DMD l imit  

requ i red for a species to be recommended for further i nvestigation (Lefroy, 

2002). Many species of browse fou nd on farmed land can be evaluated us ing 

these criteria . 

Recommendation 3 :  The result demonstrates the potentia l  value of 

supplementing trad it ional d iets with about 50% Ficus browse. S ince th is first F. 

g/aberrima feeding trial using a 47% Ficus 53% straw balance is only one 

experience ,  it is recommended that to conduct further tria ls be conducted to 

eva luate varieties of F. g/aberrima at d ifferent levels of feed i ng with basal d iet of 

rice straw. 

Recommendation 4: The potential importance of m in im izing losses when 

establ ish ing new cutt ings was demonstrated . The need now is to develop 

practical agricultura l  farm procedures. 

Recommendation 5 :  Proper t iming of lopp ing management practices wi l l  

enhance continuous regeneration of evergree n  leaves, and regular p roximate 

analYSis of leaves of various l ife spans, w i l l  he lp to clarify the nutrit ional 

relationshi p  between seasonal variation and maturity of leaves. 
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Recom mendation 6: Storing M FT browse up to a month using water spray, 

shade or in  a damp place that reduces evapotranspiration of lopped browse and 

weekly examination of the proximate components wil l help develop storage 

techn iques practical ly useful for h i l l  farmers whose on ly means of keeping 

lactating  buffalo is i n  stall-feed ing  cond it ions. 
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Appendix 1 .  I ntake 9 OM/Sheep (t1 , t2 & t 3  rep resents 576 
events of 1 5  m i n  each) 

Sheep Ficus Poplar Wil low 
I D  t 1  t1 +t2 t1 +t2+t3 t1 t 1  +t2 t 1  +t2+t3 t 1  t 1  +t2 t1 +t2+t3 
1 2 1 .0 22.9 33.2 46.5 6 1 .7 1 07 . 5  99.9 1 40.6 1 59 . 6  
4 0 . 4 1 6 .0 1 6 . 0  37.8 66.2 1 1 2 . 3  2 6 . 6  35.0 45.3 
7 3 . 1  4 . 2  8 . 0  49 . 1  80.4 1 07 .2 46.6 1 02.6 1 38 . 6  

1 3  1 . 9 5.0 6.9 68.4 1 1 4 . 6  1 4 1 .7 6 1 .6 96.6 1 02 . 6  
9 3 .8 1 7 .2 1 7 . 9  73.0 97 .2 1 1 9 . 1  87.9 1 2 1 .6 1 3 1 .2 

1 5  2 . 7  1 8 . 3  20.2 99.4 1 1 6 .2 1 23 . 3  36.0 39.3 47.6 
1 7  1 6 .4 2 1 .7 24 .4 42.3 55.8 74 . 2  58.3 1 04 . 9  1 06 . 6  
23 22.5 37.4 6 1 .4 45.8 57. 1 62.0 49.6 73.3 94 . 6  
2 9 . 9  1 1 .4 20.2 1 25 . 9  1 30 . 1 1 32.7 25.0 51 . 3  57.3  
6 7 .6 44 . 2  58.7 1 0 1 . 7  1 23.6 1 32 . 0  99.6 1 09 . 6  1 1 1 . 9 

1 4  4 . 6  36.6 37.0 65.2 97 .8 1 22 . 0  72.3 95.3 99.6 
1 8  8.8 24 .4 26.7 83.3 1 1 1 . 7 1 1 5. 6  55.6 73.9 77.3 
1 2  6 . 1  7 .6  1 2 . 2  65.2 94. 3  1 02 . 3  4 1 . 3 58.0 79.9 
20 3 . 1  37.4 4 1 . 9  1 1 6. 5  1 43 . 6  1 56.6 54 .0 1 0 1 . 3 1 1 9.2 
2 1  1 . 1 6 . 1 6 . 9  38 . 1  44 .5 53.3 1 7 . 0  1 8 . 3  3 6 . 6  
2 2  30. 1 35.8 43. 1 59.4 62 . 9  65.2 39.3 46.0 50.0 
2 2 . 3  2 . 7  3 . 1  67 . 1  83.6 1 05 . 2  6 .3 1 5.3 46.3 
6 1 . 1 2 . 3  3 . 1  90 . 1  95.2 1 25 . 6  60.6 78.9 1 1 2 . 3  

1 4  1 . 5 2 . 3  37 . 0  1 1 0 . 1  1 25 . 9  1 49 . 8  7 1 . 9 8 1 . 9 1 07.9 
1 8  29.0 30. 1 63 . 3  1 28 . 5  1 29 . 8  1 54 . 3  54.0 6 1 . 3  85.6 
1 2  3 . 1  6 . 1  7 . 2  65.9 79.4 83.6 44 .3 63.6 8 1 . 3  
20 0 . 0  5 .7  6 . 5  0 . 0  38.4 4 1 .6 0 . 0  26.6 30. 3  
2 1  0 . 8  0 . 8  1 . 5 48.4 50.7 7 1 . 7  1 7 .0 2 1 . 3 24 . 0  
2 2  2 .7 5 .3  5 . 7  49.7 52.6 64 .6 25.0 39.3 40.6 

1 2 . 3  3 . 8  5 . 3  63.9 69.4 83.9 67.3 9 1 . 3 1 2 1 .6 
4 5 . 3  5 .7  5 . 7  66.8 1 07 . 5  1 09 . 1  33.0 45.6 58.3 
7 3. 1 4.2 5 .0 39.7 64 .2 80.4 59.0 7 1 . 6 84. 3  

1 3  1 . 9 8 .0 9 . 2  58.7 1 05.9 1 1 1 . 7 9 1 . 3  1 1 0.9 1 1 2 . 9  
9 2 .7 3 . 1  1 4 . 9  1 09. 1 1 25.9 1 26 . 9  78.6 9 1 . 6  93.3 

1 5  1 . 9 1 . 9 5 . 3  75.2 1 0 1 . 4 1 37 . 2  43.3 97.6 1 07 . 9  
1 7  3. 1 1 3. 7  1 4 . 5  85.9 1 07 . 8  1 1 7 . 2  50.3 6 1 . 6  73.3 
23 9.2 50.0 58.7 65.5 78.4 80.7 77.3 82.6 90.6 
9 0 .4 1 . 5 2 . 7  85.2 1 57 . 5  1 59 . 8  63.6 69.3 75.3 

1 5  0 . 8  1 . 1 3 . 1  59. 1  59.7 63.3  54 . 6  93.3 1 06 . 9  
1 7  7 .2 20.2 2 7 . 8  26.5 38 . 1  38.4 1 8 .7 28.0 42.6 
23 4.6 5 .0  5 .3  7 1 . 7  80.4 95.2 86.6 1 1 0 . 3  1 1 3 . 9  
1 1 . 9 2 . 7  4 . 2  59 . 1  62.6 65.2 45.6 70.6 7 1 . 3 
4 1 . 1 2 .7  1 2 .2 5 1 . 3  54 . 6  65.9 37.6 38.0 49.6 
7 1 . 9 3.4 4 . 2  56.2 82.6 84.9 64 . 3  65.0 8 1 . 3  

1 3  1 . 5 4 . 6  24.4 48.7 53.3  86.8 1 1 3. 3  1 35.2 1 4 1 . 2 
2 2 . 3  1 9 . 8  2 1 .0 85.9 92 .6 1 04 . 3  73.3 1 46 . 9  1 57 . 6  
6 0 . 8  6.9 22.9 55.2 55.5 56.8 86.9 1 05.9 1 07 . 9  
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7-0ec-05 1 4  2 . 7  29.4 3 5 . 5  6 5 . 5  1 1 3 .3 1 1 3 . 9  1 77 . 5  1 97 . 5 1 98 . 5  
7-0ec-05 1 8  3 .4 20.2 2 1 .4 1 02 . 7  1 25.9 1 26 . 9  6 1 . 3  6 8 . 6  7 1 . 3 
7-0ec-05 1 2  1 . 5 3 . 1  4 . 2  1 06 . 5  1 22.3 1 32 . 7  4 1 . 3 67.6 70.3 
7-0ec-05 20 1 . 1 4 . 2  1 6 .4 63.3 99.4 1 05 . 9  2 3 . 7  5 0 . 6  6 3 . 0  

7-0ec-05 2 1  32.0 40.4 4 0 . 8  54 . 2  60.4 64. 6  20.0 2 5 . 3  3 1 .0 
7-0ec-05 22 8 . 0  1 6 .4 20.2 64 .9 1 02.3 1 07 . 8  66.3 7 1 . 6 95.6 

8-0ec-05 2 3. 1 1 1 .4 1 9 . 8  72.0 78.4 79.7 26.0 32.3 34.0 
8-0ec-05 6 3 .4 3 . 8  28 . 6  90 . 1  1 03.6 1 04 . 9  1 1 4 . 3  1 2 1 . 2 1 29 . 6  

8-0ec-05 1 4  3 . 8  8 . 4  1 9 . 1  65.9 98.5 1 00.4 1 27 . 6  1 57 . 6  1 60 . 6  
8- 0ec-05 1 8  1 . 9 2 . 3  3 . 1  1 09. 1 1 27.2 1 42 . 4  69.6 1 2 1 . 6 1 23 . 6  
8-0ec-05 1 2  6 . 9  7 . 2  8 . 4  1 1 7 .2 1 24 . 3  1 95.9 92.9 1 20 . 2  1 28 . 9  

8-0ec-05 20 4 . 6  6 . 5  9 . 5  50.7  82.3 83.3  47.3 93.3 1 04 . 3  
8-0ec-05 2 1  3 . 4  4 . 2  5 . 0  58 . 1  6 1 . 0  62.6 34 . 6  55.6 59.3 

8-0ec-05 22 1 1 . 1  2 7 . 1  37 . 7  78. 1 93.6 1 25.2 90.3 1 1 4 . 3  1 24 . 9  
8-0ec-05 1 5 .3  6 .1  60 .7  77.8 82.3 97.9 1 34 . 6  1 49 . 6  

8-0ec-05 4 4 . 6  9 . 9  1 0 . 7  82 . 6  1 1 5 .2 1 25 . 2  63.0 7 0 . 3  75.6 

8-0ec-05 7 2 . 3  4 . 2  6 . 5  92.3 1 06.8 1 23 . 6  32.3 1 36 . 2  1 47 . 6  
8-0ec-05 1 3  1 1 .4 I 1 9 .8 I 21 .4 76.5 1 22.7 1 57 . 2  1 08 . 9  1 1 65 . 91 1 66 . 6  
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Map 2. Elevation Map of Nepal 
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