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Abstract

This PhD thesis consists of nine chapters describing aspects of the subsistence
farms of western Nepal in general, and a need-based evaluation of
multipurpose fodder trees (MFT) as a source of dry-season forage for ruminants
in particular, as a basis for mitigating the current high rate of land degradation
and loss of productivity in livestock production systems in the region.
Understanding the complex farming systems that provide a living for 65% of the
27.1 million people in Nepal is the key to designing effective programmes of
research and development. Evaluation methods include review of past work,
farmers group workshops to identify current practice in the use of MFT in Nepal,
studies on biomass production of Artocarpus lakoocha and Ficus glaberrima
trees older than 50 years in Nepal and the propagation of F. benjamina,
comparison of the feeding preferences of sheep for alternative browse species,
and study of the nutritive value of alternative forage diets for lactating buffalo.

Reviews showed 2.2 million cattle and 1 million buffalo are an extra burden to
steep land where productivity is declining at the rate of 1.25% per year.
Indigenous knowledge identified Ficus glaberrima with its three varieties
(Maghe, Chaite and Jethe), A. lakoocha, F. benjamina and Bassia butyracea as
the best four MFT for renovating degraded lands. A survey study showed
significantly higher dry matter (DM) production by F. glaberrima than A.
lakoocha (154 vs 91 kg DM /tree/year) during dry periods at low altitude (800 -
1000m). There was no significant difference in production of fat - corrected milk
(FCM ) between buffalos eating A. lakoocha, F.glaberrima or a diet of 53%
straw and 47% F. glaberrima (DM basis). Metabolisable energy balance (MJ
ME/day) was greater in Artocarpus than Ficus, with the mixed diet intermediate
(+1.60, -0.34 and -12.94 MJ ME/buffalo/day respectively, relative to
requirements, P=0.0318). When fed together in an indoor trial, poplar (48% =
106 g DM/sheep/day) and willow (43% = 95 g DM/sheep/day) were preferred to
Ficus benjamina (8% = 18 g DM/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 improve the sustainability and productivity of
livestock systems incorporating fodder trees.

Keywords: Artocarpus lakoocha, Ficus glaberrima, Ficus benjamina, rice straw,
buffalo, sheep, metabolisable energy, multipurpose fodder trees.






Dedication

This PhD thesis is dedicated to Professor John Hodgson,
for his unconditional love and effort to develop pasture

and fodder systems in the developing world

1l




iv



Acknowledgements

| would like to thank all three of my supervisors; Professor Dr Peter D Kemp and
Professor Dr John Hodgson of Massey University, New Zealand, and Associate
Professor Dr Nabaraj Devkota of the Institute of Agriculture and Animal Science
(IAAS), Rampur, Nepal. All three played a major role in this PhD research
conducted in Nepal and in New Zealand. My PhD endeavour would not have been
possible without their generous assistance.

Special thanks to Professor Peter R. English and Mr Ewen Macpharson, University
of Aberdeen, Scotland, UK; Dr lan M Brookes, Institute of Food, Nutrition and
Human Health; Associate Professor Dr Cory Matthew, Institute of Natural
Resources (INR); Dr Sam Peterson, (IVABS); Mr Greg Arnold, Dr Alasdair Noble
and Mr Tim Ball, Institute of Information Science and Technology; Dr Bruce
Mackay, INR.

Thanks are also due to support staff, particularly Mr Mark A. Osborne, Mr Tom
Dodd, Ms Lesley Taylor, Mr Steven Ray, Erica Van Reenen (sheep trial), Mr
Lindsay Sylva, INR secretary/administrator Ms Denise Brunskill, Denise Stewart
and PhD researcher Mr Ben Van Hooydonk INR.

Thanks to all my friends for their help and healthy criticism; Dr Anil Anal, Dr Entin
Daningsih, Dr Baisen Zhang, Dr Zulkefly Sulaiman, Dr Yang-Gyu Ku, Dr Tehseen
Aslam, Zulfigar Haidar Butt, Zaker Hussain, Edmundo Viegas, Mr Shrawan
Bhandari, Mr Sujan Gurung, Ms Girija Page, Ms Lena Ulber, Bruce Teulon,
Rosemary Teulon, Kevin and Ann Bellringer. Special thanks to Mr. Diwas Khatri,
Postgraduate Student, Massey University for his efforts in computer work. Thanks
to Massey University, English Language teacher Ms Sarah Pettus for proof reading.

Buffalo research in Nepal was supported by my family members, relatives,
neighbours and villagers. Thanks to, Amrita, Anjana, Indira, Kalpana, Anju, Laxmi,
Saraswati, Sirjana, Parbati, Khum Bdr Adhikary, and Bir B. Adhikari who were
engaged in day to day milking, fodder collection and transportation, and buffalo trial
shed construction. Words cannot express my gratitude to them.

Thanks are also due to Mr D. B. Singh, Farm Manager, Lampatan Pokhara, Mr B.
B. Gurung, Dr S. B. Singh, Dr D. B Subba, P. P Khatiwada, B. R Banstola, Bhola
Shankar Shrestha, Shiva Aryal and RajaRam Bhandari (LAC) for their valuable
support and laboratory facilities.

The New Zealand government is greatly acknowledged for selecting me as NZAID
scholar to pursue my PhD study for the year 2003 to 2007. Similarly, | am very
much grateful to the scholarship management team for providing me Pastoral
Science Scholarship for 2004, Helen E. Akers PhD Scholarship 2005 and 2006 and
John Hodgson Pastoral Science Scholarship 2006.

My family particularly my wife Maya and son Ajit deserve special thanks for all they
have done to help me in the completion of my research work.

Bhoj Bahadur Kshatri



vi



Table of Contents

Y o] (=] (P [
ACKNOWIEAGEMENTS. ..o e ii
Table Of CONENES ... e vii
LiSt Of TAbIES ... Xiii
LISt OF FIQUIES ... XV
LISt Of Plates ....eeeieeeeeeeee e XVi
Abbreviations and GIOSSArY ............uuuuuiveiiiiiiiii e XVii
Chapter 1 e e e e 1
General INtrodUCHION .......cuuviii e 1
Chapter 2 e e e e 3
Literature REVIEBW ..........uuiii e 3
2.0 INtrOdUCHION ...t 3
2.2 Global scenario of tree fodders.............oooviiiiiii 8
2.3 Role of browse plants in Nepal ...........c.ccoooiiiiiii e, 9
2.4 Ancient history of SIIVICUIIUFE ............ooviiiiiiiiii 9
2.5 Modern history of silviculture development in Nepal ..................ccccooc. 10
2.6 Ecosystem where invasive trees find it hard to grow ........................... 11
2.7 Dynamic niche of livestock production....................ccccccciiii. 12
2.8 Need for professional development in the field of tree fodders............... 18
2.9 Review Of Past WOTK..........coiiiiiiiii e 13
2.10 Reasoning for the selection of fodder tree species...............c....cccoee. 1%
2.1 FICUS SPECIES ...ttt e et e e e e eeaeeees 15
2.11.1 Distribution of Ficus SPECIES..........ccevvviiiiiiiiiiiiiiiiieeeieen 15
2.11.2 Agronomy of F. benjamina and F. glaberrima .......................... 16
2.11.3 SPECIES Of FICUS ... 19

2% B I B 1= o (o o 4| VPSS PP UPPU PP 19
2.11.5 Naturalisation of F. glaberrima ...................ccccooviiiiiieeiiiiiiiiiiiiinnnn. 19
2.11.6 Nutritional study of Ficus fodder...........cccccoviiiiiiiiieiiii, 20
2.11.7 Primary planting Site........ccoooiiiiiiiieiiiii e 20
2.11.8 Slope land utilisation .............ccoooeeiiiiiiiiiii e 21
2.11.9 Existing variation permits selection ............ccccccccevieviiiiiini 21
2.11.10 Altitude and fodder tree species............ccccvuuviiiieeiiiiiiiiiiinennn. 21

vii



2.11.11 Source of planting material for hill farmers.............................. 22

2.11.12 Propagation of FiCUS SPECIES ..........ccevvvuviiiiiieeeieeeeee i 22
2.11.13 Root Mechanism and soil conservation.............cccceeeeevievieennnn. 23
2.11.14 Mini-nurseries in remote ar€as...........covuuveeeiveiiiieeeeeeeeivieniennns 24
2.11.15 Biomass production...........ccooiiiiiiiiiiiie e 24
2.11.16 Leaf morphology ......ccoooveeiiiiiiii e 26
2.12 Summary and CONCIUSIONS .........cooeiiiiiii e, 26
Chapter 3 .o e e e n e e s 33
Invasive tree Ficus glaberrima characteristics and fodder research
priorities set by users’ participatory workshops in Nepal...................... 33
S INIFOAUCHION ...t e e 33
3.1.1 BacKgroUNd ........cooviiiiiiiiiiee e e 35
3.1.2 Collapsing hill farm ecosystem: A review.............coeeeeeeeeeiiiieieeeciiiinnee, 36
3.1.3 Evaluation of fodder trees by chemical means............................ 36

3.1.4 Role of forest resources and stall feeding animals in the

RIS s 36

3.1.5 Lack of feed and consequences at small farm level.................... 37

3.2 MethOdOlOgY .....coovieiiieiiie e e 39
3.4 RESUILS e 41
3.4.1 Background.........coooiiiiiiiiiiiii 41
3.4.2 Inventory of multipurpose fodder species..............cooevveeeeeeeeennn.. 42
3.4.3 Research recommendations ............cccccooiiiiiiiiii e, 47

ST B 1Yo U 1] o o RSP 48
3.5.1 Use of forage trees by farmers...............coooeiiiiiiiiiiiii 48

3.5.2 Relevance of invasive species in restoring productivity of

degraded hill farms.........ccoooiiiii 51

3.5.3 Farmers views on time of loppiNg........cccovvviiiiiiiiiiiiieee e, 54

3.6 CONCIUSIONS ...t e e e e e e e e e e e e e e aeeeaeteeaeaeeaaas 55
(03 1 F- T o] £-1 - S PP 57
Evaluating fodder trees in Nepal after five decades of lopping..................... 7
4.1 INtrOdUCHION ... e 57
4.1.1 Reasoning for the selection of fodder tree species ..................... 58

S I Mo o7 | ([ ] ISR 59

Vil



4 1.3 SOIS 59

4.1.4 ClIMAte oo e 59

4.2 MEINOAS ... 60
4.2.1 Altitude stratifications ..........c.coooeeiiiieiiii e 60
4.2.2 Survey in Pokhara Nepal............ccocooiiiiiiiiiiiiiiiiieeeeeee 61
4.2.3 Experimental design............oooviiiiiiiiiiiii e 62
4.2.4 Data analySiS.....ccooooiiieiieeee e 62
4.2.5 LOPPING PEFIOM. ...t 62
4.2.6 Quantification of edible fodder biomass pertree......................... 63
4.2.7 Identifying the age of the trees forresearch..............ccccccvvennnnn.. 63
4.2.8 Measurements of tree components.............cccoooeiiiiiiiiiiiiiiiiene. 63
4.2.8.2 Branch extensioN.......cccooooiiiiiii i 64
4.2.8.3 Height of the foddertree...........cccoooiiiiiiiiiiiiii 64
4.2.8.4 Edible biomass production pertree .........ccccccceeiiieeiiiiiiiiiiieennn. 65
4.2.8.5 Crude protein (CP) production pertree ............cccccoovvvveeeeeennn. 65
4.2.9 Manpower for IOPPING .....coooeeiiiiiieeee e 66
4.2.10 Transporting the browse by farmers...........cccccoocooii 66

4.3 RESUILS ... e e e e e e 67
4.3.1 Diameter at breast height (DBH) + Carrying diameter................. 68
4.3.2 Height of the tree...........ccooeiiiiiiiii e 69
4.3.3 Biomass production (Dry matter (DM) kg/tree)..............ooovvvuennn... 70
4.3.4 Crude protein (CP) production pertree .......ccccccceveeeeeeeeeeeennnnnn... 71

R B I Yo U 11 o ] [ UPPPPUTPR 72
4.5 CONCIUSIONS ...t e e e e e e ettt a e e e e e e eeeeesnnens 77
(04 0 T- 10 ] (=1 T PNt 79
Sheep preferences for Ficus benjamina, Poplar and Willow......................... 79
5.1 INtrOAUCTHION ... e 79
5.2 Material and methods ............oooiiiiiiiiii e 80
5.2.1 Forage preference........ ... 80
5.22Rate of intake ... 83
5.2.3 Tensile strength of leaves ............ccccceeeeiiiiiiiiiiiiicci e 84
5.2.4 Chemical @analysSis .........cccoooieiiiiiiiii e 85
5.2.5 Statistical @nalysis ...........ccoooiiiiiiiiiiiiiiie e 86
5.2.6 Tensile strength (Newton/leaf)..............ccccciiiiiiiiiiii e 87

1X



D B R ESUI S e e 87

5.3.1 INtAKE oot e 87
5.3.2Rate of INtaKe ........ooeiiiiii e 88

5.3.3 NUtritive ValUuEsS...........ooeeeiiiie e 90

5.4 DISCUSSION ...ceeiiiitiie ettt et e et e e e e e e e ettt e e e e e eeeasten e eeeeeesnnnes 91
5.4.1 Digestibility compariSONS............ccooeviiiiiiiiiiiiiieee e 94

5.5 CONCIUSIONS ...t e e e e e e e e e e e e e e e e e e eeeeeaeeas 95
Chapter 6 ... e e 97

Evaluation of multipurpose tree fodder; milk production of water
buffaloes (Bubalus bubalis) eating mixed diets of F. glaberrima, A.

lakoocha and rice straw (Oryza savita) in the mountain ecosystem

(o) 111\ [=T o= | 97
B.1 INtroOdUCHION ..o 97
B.2 MEINOAS ... 97
B.2.1 LOCAtION oo 98
6.2.2 Collection of fodder tree foliage..............ooueeeeiiiiiiiiiiiiiieee e, 98
6.2.3 Experimental animals and management ..............ccccceeeeeeeeennnnn. 102
6.2.4 Components of concentrate ration...............ccccceeeiiiiiiiiiieccinnnn. 103
6.2.5 Khole (Buffalo porridge) .........cooovvuiiiiiiiiiiicee e, 103
6.2.6 Feeding of Artocarpus and FiCuUS .............ccccccoevvviiiiiieiiiiiiinnnnnnn. 103
6.2.7 DUNG COMECHION.......ciiiiii e e 104
6.2.8 Body weight of lactating buffaloes..............c..cccoc. 106
6.2.9 Chemical @analySis .........ccooeeiiiiiiiiii e 106
6.2.10 Milk sampling and analysis...............cceeeiiiiiiiiiiiiiiiiiiiiee 107
6.2.11 Nutritional value of diets...............cooo i, 108
6.2.12 Statistical analysSiS.........ccooevviiiieiiiii e 109
6.2.13 Offered and refused diet.................... i, 110
B.3 RESUIS ..o e 111
B.3.1 NULFitive ValUES.........oueie i 111
6.3.2 Live weight changes............ooooiiiiiiiiiiiii 112
6.3.3 Voluntary Intake of dry matter ..., 112
6.3.4 Milk yield and compoSItioN ............ooovieiiiiiiiiiiiiii e 113
6.3.5 Metabolisable energy balance.............ccccccoooiiiiiiiiii 113
6.3.6 Crude protein balancCe............ccooevvieiiiiiiiiiie e, 114



.4 IS CUSSION ..ot 115

6.4.1 Feeding Practices in Nepal ................oooiiiiiiiiiiiiii e 115
6.4.2 Feeding period effectS..........ccooeeeiiii 117
6.4.3 Diet CONrasts ..........oeiuiiiiiiiiiiiiiie e 117
6.4.4 Dietary crude protein and secondary metabolites ..................... 122
6.5 CONCIUSIONS ...ttt e e e e e e e e e e e e e e e e e e eeaea e 123
Chapter 7 e s e 125
Vegetative propagation of F. benjamina using non-sterile sand and
hardwood CULtINGS .......oooiiiii e 125
4% L 1o Yo [V o1 (o I USSP 125
7.2 Material and methods ............ooiiiiiiiii e 126
7.2.1 Preparation of Cuttings ..........cooooiiiiiiiiiiie 126
7.2.2 Statistical analysis .............vvvviiiiiiiiieie e 127
T. 3 RESUIS oo 127
7.4 DISCUSSION ...ttt e e e e e e e nbaananenes 128
Chapter 8 .. e e e 129
Leaf survival and biomass production of F. benjamina containerised in a
GIASSNOUSE. ... 129
8.1 INrOdUCHION ... et 129
8.2 Material and Methods ..........cooouiiii i 129
8.2.1 Leaf SEBNESCENCE .......covvviiiiiiie e 130
8.2.2 Statistical @analySiS ..........coovuiiiiiiiiii e 131
8.2.3 Biomass produCtion.............ccooviiiiiiiinie e 131
B.3 RESUIS ..o 182
8.3.2 Biomass and leaf number............ccccviiiiiiiiiii 134
8.4 DISCUSSION ... e e 135
8.5 CONCIUSIONS ...ttt e e e et e e eee e e e e e eeeaa e 136
Chapter 9 .. e e s ennns 137
General discussion and CONCIUSIONS.............uviiiiiiiiiiiii e 137
9.1 INtrOAUCHION ... 137
9.2 Results of the review of past work in Nepal ..............c.ccovviiieeeiiiiinne, 137
9.2.1 User farmers’ experience on local MFT...........cccoooiiiiiiiiiiiinnnn, 138
9.2.2 Suitability at 3 ecological strata and biomass yield of MFT ....... 139

X1



9.2.3 Sheep preferenCes.........ooovveeeiiiiiiee e 139
9.2 4 | actational response of buffaloes eating MFT ... 140
9.2.5 Ability to propagate MFT on low cost sand media and

effectonleafage. ... 142

9.2.6 StOriNg DrowSe .......cooiiiiiiiiiie 142

9.3 Future researCh NEEA ...........ooiiiiiiiiiiiiiee e 143

RefErencCes ... e 147

2N o] o =] 4 Lo [T o7 - X3P 165
Appendix 1.Intake g DM/Sheep (t1, t2 & t3 represents 576 events of

15 MIN €ACN) ..ot 165

Annex 2. Maps related to the study .........cccoooiiiiii 167

X1l



Table 2.1

Table 2.2

Table 2.3

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

Table 4.1

Table 4.2

Table 4.3

Table 4.4

List of Tables

Density of livestock population (animal km?) (calculated from

MOAC, 1998/99 data). e 5
Dry matter (DM) production potential of various feed resource
components based on six categories of mountain ecosystem
in Nepal (Rajbhandari et al., 1981)........cccoiiiiiiiiiiii e 6
Result of PRA and measurement of ten tree fodder (F.
glaberrima) above the age of 50 years located at an elevation
of 900mas in the mountain ecosystem of western Pokhara,
Nepal (Kshatri, B. B., 2001) oo 24
Livelihood strategies of small farmers: problems and
(of0] g 1S1=T0 [UT=T o (o] =TS TR 41
Types and number of fodder trees per farm........................... 42
Host trees of F. glaberrima in forest and farms while in
EPIPNYLIC StAGE ... 43
Calendar of availability of tree leaves at Sunpadali, Kalika-6,
Kaski, NEpal ..o 46
Linkage of Nepali and English calendar in relation to fodder
lopping cycle and months in dry seasons in the northern
hemisphere, Nepal ..............oooviiiiiiiiiee e 47
Purposely selected multipurpose fodder tree species and
criteria applied by farmers for selection ..., 48
Farmers’ perception of the time of lopping within a day and
quality Of fodder..........oooiiiiiee e 55
Practical research ideas identified during farmers’
participatory workshops for evaluation of fodder trees .................. 55
Trial arrangement in split plots with three blocks (altitudes)
for evaluation of edible biomass production from 50 years old
trees growing in 30° — 70° slope land between 800 — 1440 m
(metre above sea level = m) in the hill farming system of
NPl e 62
Diameter at breast height (DBH) of A. lakoocha and F.
glaberrima at different altitudes in a hill farming ecosystem of
NeEpPal e 67
Canopy radius of A. lakoocha and F. glaberrima. ............................ 68
Tree height of A. lakoocha and F. glaberrima..................ccccccc....... 69

Xill



Table 4.5
Table 4.6

Table 4.7

Table 4.8

Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6

Table 6.1

Table 6.2

Table 6.3

Table 7.1

Table 8.1

Table 8.2

Table 8.3

Table 8.4

Table 8.5

Edible biomass production of fodder trees (DM kgl/trees). ............ 70
Crude protein (CP) production kg/tree/year. ............ccccceeeeeeeeennnn. 70

Dependent variables, means, R-square values and coefficient
of variance calculated by SAS GLM procedure (n=54) using
independent variable altitude and species (altitude = high, mid
and low and species = Artocarpus and FiCus)...............c..uuveeee.... 71

Canopy radius, tree/ha, perimeter, canopy area, and kg
DM/tree of A. lakoocha and F. glaberrima in the hill farming

ecosystem of Nepal.........ooooviiiiiiii e 72
Ficus, Poplar and Willow trees required for trial. ...........c............... 81
Preferential intake of fodder (gDM/sheep/45 mins)...........cccc........ 88
Intake of Ficus alone (gDM/sheept SEM)..........ccooiiiiiiiiiiniiiiinnnnn. 88
Rate of browse intake in 15 x 3 minutes. ...........cccccccciiiiinniinne. 89
Tensile strength (Newton/leaf) required for breaking leaves......... 89
Approximate values of browse used in the experiment. ................ 90

Daily timetable during experiment with lactating buffaloes in
on-farm conditions (Clean water was available to all buffaloes
at all times)

Date of calving and purchasing the milking buffaloes and milk
yield (L/buffalo) on the day of arrival at the site of experiment.... 102

Experimental diet eaten by lactating buffaloes. ........................... 104

Effect of sand (coarse and non-sterilised 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 @ glaSSNOUSE .......ooviiiiii e 128

Standard deviation and significance of leaf survival rate

(FIQUI 8.1) ittt et 133
Leaf survival rate (slope of leaf fall/day) for F. benjamina
growing in three media in pots in a glass house.......................... 133
Height, canopy diameter and basal diameter of F. benjamina
L= =T P 1 e S 1333
Biomass production (g DM/tree) in glasshouse conditions.......... 134
Pearson correlation coefficient among variables measured on
F. benjamina. Levels of significance are indicated in italics ........ 134

X1V



List of Figures

Figure 2. 1 Percentage of ruminants feed availability to requirements in
Nepal Figure (Modified from Rajbhandary et al., 1981)................... 7

Figure 5.1 Relationship between tensile strength (Newton/leaf) and dry
matter intake by trial sheep. ...........ccoooiiiiiiii i 89

Figure 6.1 An example of offered and refused diet one of two buffaloes
under straw diet receiving (constant fresh twigs of Ficus =
10 kg daily) 47% DM of diet + 53 % straw..............occciiieiennenn., 110

Figure 8.1 Leaf survival rate of evergreen tree F. benjamina over 910
days in glasshouse conditions. ...............cccccoiiiiiiiiiii 132

XV



Plate 2.1

Plate 2.2

Plate 4.1

Plate 4.2

Plate 4.3

Plate 4.4

Plate 5.1

Plate 5.2

Plate 5.3

Plate 5.4

Plate 6. 1

Plate 6.2

Plate 8.1
Plate 8.2
Plate 8.1

Plate 8.2

List of Plates

Four Ficus glaberrima tree heights 10m to 18m above
ground Kalika-6 Sunpadalim, Kaski, Pokhara,
Nepal.(Photograph by Kshatri, B., 2002).........ccccoeiiiiiiiiiiiiiiienen... 17

Summer greenery in farming system of Kalika-6 Sunpadali,
Kaski, Pokhara, Nepal. (Photograph by Kshatri, B. B.,
2002). s 17

Research site, Sunpadali village in Kalika-6, Pokhara,
Nepal located at 800 to 900 masl. Sparsely planted fodder
trees can be seeninterraced farm............cccoooiiiiiiiiii 59

Silvipastoral system facing Southeast in western hills of
Arba-6, Amalachaur, Kaski, Pokhara Nepal..................ccooeeeinnil. 61

Carrying A. lakoocha fodder from tree to buffalo shed. ................... 67

Rice growing under canopy of F. glaberrima, Kalika-6,
Sunpadali, Kaski, Pokhara Nepal.............cccccooiiiiiiiiiiiiiceee e 76

Sheep No 15 is browsing Willow with Ficus and Poplar
within 70 cm and the sheep has easy access to all three
species of browse intrial..............ccoooiiiiiiiiii e 82

Weighing F. benjamina branch using electronic balance
(“Mettler PE22" (max = 24 kg, precision = 0.1 9)......cceeevviiiiiinnnnnn. 84

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 e e 85

Easily distinguishable size of fodder tree leaves of F.
benjamina, Poplar and Willow fresh branches ready for
iNtake trial oo e 93

Gunny-bags are hardly visible at the hind-quarters of
resting buffaloes after feeding and morning milking. ................... 105

Buffaloes arranged to face away from the gutter for easy

observation and collection of duNg...............euuiiiiiiiiiiiieeiiiiiiiiienns 105
Transplanting to 20-litre bucket..............ccccoviiiiiiiiiiiiiiiiiiiiis 130
Marking the leaves for the leaf age study..........cccccoviiiiiiiiiiiiiini, 131
Transplanting to 20-litre bucket...............oooiiiiiiiiii 130
Marking the leaves for the leaf age study..........ccccvviiiiiiiiiiiiiiniis 131

Xvi



ADP
AGDP
CBS
DFAMS
DLS
DOF
DSWC
FAO
FRSC
HLFFDP
IAAS
ICIMOD
IFAD
INGO
MOAC
NARC
NBPDP
NEP/85/007
NFGRC
ODA
PAC
PTSMF
RAS/79/12
UNDP
USAID

Abbreviations and Glossary

Asian Development Bank

Agricultural Gross Domestic products

Central Bureau of Statistics

Department of Food and Agricultural Marketing Services
Department of Livestock Services

Department of Forest

Department of Soil Water Conservation

Food and Agriculture Organization of United Nations
Forest Research and Survey Centre

Hills Leasehold Forestry and Forage Development Project
Institute of Agriculture and Animal Science

International Centre for Integrated Mountain Development
International Fund for Agriculture Development
International Non Government Organization

Ministry of Agriculture and Cooperative

Nepal Agriculture Research Council

Northern Belt Pasture Development Program

FAO, High Altitude Pasture Development Project

National Forage and Grassland Research Centre
Overseas Development Administration of British Government
Pakhribas Agricultural Centre

Pasture Trial and Seed Multiplication Farm

FAO, Himalayan Pasture and Fodder Research Network
United Nations Development Program

United States Agency for International Development

X Vil



XVviii




