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Abstract

Success of animal husbandry and dairy industry is largely depends on quality fodder availability.
However, quality fodder availability in India is low due to low or non availability of suitable varietal
wealth, more emphasis on food grain and cash crops. The projected fodder scarcity in India reveals a net
deficit of 35.6 % green fodder and 10.9 % dry crop residue, which calls for development and adoption of
land use based interventions. In this context, tree fodder based land use plans may prove beneficial due to
their ability to supply nutritious green fodder round the year at optimally lower cost. Besides, it has wide
adaptability and fast growth under marginal areas, and thus, helps in bringing in their fold areas such as
non-arable wastelands besides. Thus, it paves the way for forage security besides their role in improving
ecosystem services and societal well being.
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1. Introduction
Agriculture including the livestock as an integral component plays an important role in Indian
economy [, Since, livestock is considered a major source of income for the poor masses in
developing countries 1 including India, where it contributes, nearly 4.11 percent to total GDP
during 2012-13 at prevailing prices of agriculture and allied sector (€1, India supports worlds
17% human population %1 and 15% livestock population over an area of 2.4%. The livestock
constitutes 37.28% cattle, 21.23% buffaloes, 12.71% sheep and 26.40% goat [*°1. The large
population base results into declining per capita land availability of 1.15 ha in 2010-11 and
increasing percentage (> 85%) of small and marginal farmers [2°1,
Area under cultivated fodder in India is about 8.4 m ha 21, which is not adequate to meet the
fodder demand. Besides, more emphasis on food grains further add to the fury by limiting area
under fodder crops and resultant shortage of fodder production 9 as well as supply of feed[®:
91 and 80] | atest estimate on demand-supply gap in fodder availability shows a net deficit of
35.6 % green fodder, 10.95% dry crop residues in India 4. This deficit is responsible to some
extent for increase in total expenditure on feed stuff by about 60-65% “°! which equals to about
2/3" of the total cost in livestock production 271, The cost on feed and fodder production is
further elevated due to climatic aberrations, edaphic factors and water scarce conditions. These
factors limit the fodder production and creates forage scarcity thus, force the animals to feed
on wild shrubs and grasses [, and this is recognized as one of the primary causes of lower
productivity of milch animals in India ",
Success of dairy sector is largely depends on the supply quality feed and fodder &1, However,
it seems little difficult from the existing cultivated fodder area thus, it is important to develop
alternatives which constantly supply fodder at low cost. Therefore, effort needs to be made to
bring the degraded wastelands under fodder tree plantation. In this regard, India offers great
scope because of its vast degraded wasteland areas (146.8 m ha), affected due to various
constraints viz., water erosion (94 m ha), acidification (16 m ha), flooding (14 m ha), wind
erosion (9 m ha), salinity (6 m ha) and 7 m ha from a combination of factors ', Bringing
these areas under the ambit of fodder trees will not only help to sustain the forage supply but
also help to improve the ecosystem services in terms of shade, mulch, fuel wood, fertility
enhancement and soil stabilization [?°1. Besides, tree fodder will also help in soil and water
conservation, water and nutrient extraction [*31, Research results from several parts of the world
including Africa, Ethiopia and India reveals that fodder trees and shrubs are valuable animal
feed and play an important role in farming system 32 due to their better adaptation to local
environment 1 and drought situation [¥2., Leucaena leucocephala, Sesbania sesban, Sesbania
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grandiflora, Gliricidia maculata and Moringa oleifera can be
cultivated on isolated denuded patches of land for supply of
nutritious fodder to grazing animals - 371, Tree fodder can be
recommended in area where few or no alternatives are
available % 4l to provide cheaper feed supplement including
the small landholdings [®4. Therefore, it is high time to rely
upon tree fodder, as an alternate land use option to address the
issue of forage scarcity under the changing land use and
climatic conditions.

2. Status of tree fodders in India

In large parts of India, animals’ feed on tree or shrub leaves,
usually rich in protein therefore, used as a supplement for
low-protein fodders. The value of trees for feeding animals
necessitates the planting of multipurpose fodder trees, which
are, otherwise, primarily grown for fuel and timber purpose.
In India, several exotic and indigenous trees including fodder
trees were introduced during 1950s, to the Central Arid Zone
Research Institute (CAZRI), Jodhpur, Rajasthan. Amongst
exotic fodder trees and shrubs, most promising one includes
Acacia tortilis, Cellophospermum mopane, Prosopis juliflora,
Dichrostachys mutans, Brasilettia mollis, Pittosporum
phillyraesides, Schirueus mole, Atriplex spp., and Zizyphus
spinacristi while, successful indigenous introductions were
Albizia amara, Cardio roti, Albizia lebbek, Acacia nilotica,
Hardwickia binata, Azardirachta indica, A. excelsa, and
Prosopis cineraria "], Exotic and indigenous fodder trees
were introduced either due to lack of availability of such
useful trees or their slow growth and inability to meet feed
requirements of the area ["4l. However, most of the areas and
vegetations, which could serve as fodder for animals, are
mainly found in semi-arid regions of the country "1,

3. Tree fodders as an alternate land use options for forage
and nutritional security

Across the globe concerns have been raised to meet the fodder
demand of livestock population especially on account of
climate and land use change. These circumstances may pose
serious threats to fodder security, affecting most severely the
developing nations due to their overdependence on agriculture
and allied activities. Since, India supports world’s second
largest livestock population, may find it difficult to meet the
fodder demands from only 8.4 million ha cultivated fodder
acreage, which too remained static in the last 2 decades,
further exaggerate the situation 1. With this area, it’s quite
difficult to bridge the demand-supply gaps of green and dry
forages. However, research results indicates that productivity
of the pastures could be enhanced either by substituting low
yielding annual grasses with high yielding perennial grasses
or through introduction of multipurpose tree species [8 671,
Besides, there is a need to explore alternate sources of
livestock feeding [’ such as tree forages 1%, The leaves of
tree fodders considered nutritious feed due to their high
proteins, vitamins and minerals ['1 and vital in the nutrition of
grazing animals B9, Although, every part of tree is useful for
feeding [ 31, but leaves are considered most valuable due to
their high crude protein ™, In areas, where herbaceous forages
become unavailable during dry season, browse feeding is
considered as an essential practice ! because most of the
browse plants yield high crude protein ranging from 10 to
more than 25% on dry matter basis (6%,

Research results from several regions of the world reveal that
planting trees for fodder purpose, enhances nutritious fodder
availability 2% %51 and also increases resource as well as land
use efficiency [0 87 2L 12 Thuys, tree fodders as an alternate

land use options, offer great scope for forage security under
various agro-climatic and ecological conditions.

Prominent tree fodders in India

Khejri (Prosopis cineraria): Prosopis cineraria is found in
some of the most impoverished and harshest arid eco-systems
of the world including African Sahel (Senegal to Somalia),
Middle Eastern deserts of Yemen, Saudi Arabia and deserts of
Rajasthan (India) and Pakistan ™. It is one of the chief
indigenous tree species of north-western plains of India [,
and grows mainly in the arid and semiarid parts of Rajasthan,
where it occupies highest area among traditional agro-forestry
based systems [l Khejri based agro-forestry systems in
western Rajasthan recorded 1500 Kg ha* forage yield and
fodder palatability up to 74.8% [®2, Its dried pods locally
known as Kho kha [ and contains 11.9% crude protein (7,
Its leaves, significantly improves the growth rate (46 g/day) of
goat kids when supplied at the rate of 672 g/ day %, which
may be attributed high palatability, protein and other nutrient
contents [,

Subabul (Leucaena leucocephala): Leucaena was
introduced as a feed for ruminant livestock during 16M
century in the Philippines, which subsequently spread to Asia-
Pacific region and Africa. Distributed widely in the tropical
regions of the world, performs better under humid to sub-
humid climates and can survive in a wide range of conditions
including dry season [, It can produces up to 60 t ha* year?
nutrient rich leaf biomass. Leaves contains higher amounts of
protein (about 27.5%) compared to common grasses, wherein,
it varies from 4% in dry season to about 6% in the rainy
season. Beside leaves, pods and seeds are also rich in
proteins, minerals and essential fatty acids [63 42 102, 14,32, 33, 79,
22, 341 which increases growth rate and milk production in
animals. Therefore, it should be considered as a potential tree
fodders for drier parts of the world where animals, often faces
fodder scarcity. Besides, relatively, it is a cheap source of
high crude protein when compared with crop fodders and
also, most preferred feed for goat and sheep due to its high
palatability, selectivity and dry matter intake level (311,

Mulberry (Morus alba): Morus alba grown over a wide
range of climatic regions of the world ranging from tropical,
sub-tropical and temperate areas 141, It requires annual rainfall
in the range of 600-2500 mm for successful cultivation [*4. In
the agro-forestry systems, for foliage fodder purpose, it can be
recommended for plantation on black and low lands as well
(kabar soils) 4. It produces about 25-30 t ha year? fresh
leaves biomass of high protein content (18-25% in DM) and
about 75-85%, in vitro DM digestibility F1. Besides, its leaves
are also rich in proteins, minerals, especially in calcium (Ca)
and phosphorous (P), and metabolizable energy 4 %2,
Mulberry plant produces more fodder in terms of digestible
nutrients compare to most of the traditional forages [, It was
reported that its foliage is comparable to alfalfa hay mix in
terms of digestible energy and crude protein values [,
Mulberry leaves are protein rich forage supplements € and
can be used fresh or dried in compound feeds of high yielding
animals M, When used as supplement feed, it has significant
effect on protein as well as fat content, besides improving
total quantity of milk in cow and goat [*. In several parts of
the world it is also used as a substitute to concentrate feed for
cattle 18 5 or goat diets 2. Moreover, its leaves can be used
as main feed for sheep > 51 and, goats [6% 8 8: 51 pesides,
serving as a maintenance diet for sheep due to their
palatability [26],
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Sesbania (Seshania seshan): S. seshan is multipurpose
fodder tree, grown for forage as well as green manure purpose
in semi-arid to sub-humid tropical climate. It is tolerant to
cool temperature (not to frost), and can be grown up to an
elevation of 2000 m [#1, Sesbania produces a dry matter yield
up to 4-12 t ha* year? in 3-5 cuttings 1€, Leaves and tender
branches are easily digestible, and contain 20-25% crude
protein [, which varies from 194 g kg™ dry matter in twigs
to 297 g kg dry matter in leaves 91, Due to its high level
foliage nitrogen content it is considered as an ideal
supplement to protein poor roughage [8% 53 661 Research
results reveal that it increases milk production by 13%
compare to concentrates supplemented ewes, when ration was
supplemented up to 30%, with it B8, Besides, it is also

reported to improve the reproductive performance in sheep ©%
57]

Agathi (Seshbania grandiflora L.): Agathi is a legume plant
of tropical Asia and very popular among the dairy farmers of
Asia including India, Indonesia, Malaysia, Myanmar and
Philippines. The early research on its use for forage
production was conducted in India "> *31, In India, it is grown
as a valued fodder (leaves and pods) for animals in several
states including, Tamil Nadu, Andhra Pradesh, Kerala,
Assam, Gujarat, and Bengal 1, It is used to supplement rice
straw in animal diets [52 3% probably due to high levels, about
25-30%, of crude protein content in leaves 6,

Hedge Lucerne or Dasharath (Desmanthes virgatus L.): It
is native to tropical and sub-tropical regions of the new world.
It is grown as a forage legume and produces green fodder
containing high amount of crude protein as well as good
palatability 2, It produces high quality green forage
containing, about 22.4% crude protein and yield up to 15-25 t
ha* under optimum soil and climate conditions . Besides,
its use as a fodder, also found ideal for wasteland
development in India [,

Future prospects of tree fodder as an alternate land use

option

e In the years ahead, tree fodder may be a leading forage
option to supply quality fodder for the livestock.

e Tree fodder will act as life line for dry region of the
world, often victims of vagaries of the climate and
weather. Tree fodder, in these areas may supply round the
year green fodder, due to their fast growing habit and
adaptation into local environment.

e Due to high palatability and nutrition, it may act as future
feed supplement and maintenance diet, even in non-
traditional areas, where traditional forage crops are the
only option to feed animals.

e Due to their role in reclamation of wastelands and
denuded areas, these may be treated as future engine for
ecological restoration and balance and thereby offsetting
the ill-effects of climate and land use change.

e Tree fodder may act as direct positive support for
marginal communities and areas by rendering ecological
services as well as serving other commercial interests
besides sustaining forage security.

Thrust areas for tree fodder option

e Rising population, shrinking land resources and more
diversion of cultivated lands into developmental as well
as commercial activities, commercial uses of trees, poses
serious challenge for adoption of tree fodder option.

e Development of improved cultivars in fodder trees is a
herculean task due to difficulty in breeding. Besides, seed
propagated material faces, germination problem because
of recalcitrant and orthodox nature while, vegetative
propagation requires sophisticated techniques, usually not
available in developing countries.

o Nutritional profiles of tree fodder should be prepared and
anti-quality substances need to be removed, so as to
ensure the safe feeding for livestock.

e Some tree fodder possesses anti-quality substances
(tannic acid and mimosine) which make them unfit for
consumption. Thus, it is a big challenge to develop
suitable cultivars free from anti-quality substances, using
improved breeding approaches.

e In tree fodder, disease and pests management is also
difficult as compare to traditional forage crops. Thus, it
requires great knowledge and understanding on part of
both researchers as well as cultivators of tree fodder.

e During initial years, tree fodders require special attention
due to germination and establishment issues.

e Development of suitable propagation materials for
marginal and degraded wasteland areas is a big thrust.

Conclusion

Changing land use conditions calls for reliance on alternate
land use option to bridge the demand-supply gap in fodder,
and in achieving higher land use efficiency. Tree fodder may
supply the quality green fodder round the year due to their
wide adaptation in a range of soils and climates. Besides,
these are ideal for growing on wastelands, problem soils,
undulating lands, farm boundaries, field bunds, waysides and
swampy areas, and dry areas. From the foregoing discussion,
it can be concluded that tree fodder based alternate land use
options may be a boon for achieving forage security and land
sustainability.

Acknowledgment

Authors express their sincere thanks to the Director, ICAR-
NBSS&LUP, Nagpur for his support and guidance. Authors
also acknowledge Dr. Shrawan Singh, ICAR- Indian
Agricultural Research Institute, New Delhi for pre-review of
the article.

References

1. Aganga AA, Tswenyane SO. Feeding value and anti-
nutritive factors of forage tree legumes. Pakistan Journal
of Nutrition. 2003; 2:170-177.

2. Anbarasu C, Dutta N, Sharma K, Rawat M. Response of
goats to partial replacement of dietary protein by a leaf
meal mixture containing Leucaena leucocephala, Morus
alba and Tectona grandis. Small Rumin Res. 2004;
51:47-56.

3. Ba NX, Giang VD, Ngoan LD. Ensiling of mulberry
foliage (Morus alba) and the nutritive value of mulberry
foliage silage for goats in central Vietnam. Livest. Res.
Rural Dev. 17, 2005.
http://www. cipav.org.co/lrrd/Irrd17/2/bal7015.htm

4. Babayemi OJ, Bamikole MA. Supplementary value of
Tephrosia bracteolate, Leucaena leucocephala, and
Gliricidia sepium hay for West African Dwarf goats kept
on Range. J Cent. Eur. Agric. 2006; 7:323-328.

5. Bakshi MPS, Wadhwa M. Tree leaves as complete feed
for goat bucks. Small Rumin. Res. 2007; 69:74-78.

6. Bamikole MA, lkhatua UJ, Arigbede OM, Babayemi OJ,
Etela I. An evaluation of the acceptability as forage of

~204~



International Journal of Chemical Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

some nutritive and antinutritive components and of the
dry matter degradation profiles of five species of Ficus.
Trop. Anim. Health Prod. 2004; 36:157-167.

Baumer M. Trees as browse to support animal
production. In A. Speedy and P.L., Pugliese, eds. Legume
trees and other fodder trees as protein sources for
livestock. Proceedings of an FAO Expert Consultation,
Kuala Lumpur, Malaysia. 1992, 1-10. Rome, FAO.
Benavides J. Utilisation of Mulberry in animal
production systems. In: Sanchez (ed), “Mulberry for
animal production” 2000.
http://www.fao.org/ag/AGA/AGAP/
FRG/Mulberry/Papers/PDF/Benavid.pdf

Bhandari DS, Govil HN, Hussain A. Chemical
composition and nutritive value of Khejri (Prosopis
cineraria) tree leaves. Ann. arid Zone 1979; 18:170-173.
Bhattacharyya R, Ghosh BN, Mishra PK, Mandal B, Rao
CR, Sarkar D et al. Soil degradation in India: Challenges
and potential solutions. Sustainability. 2015; 7:3528-
3570.

Boschini CF. Nutritional quality of mulberry cultivated
for ruminant feeding. In Mulberry for animal Production,
M.D. Sanchez(ed). FAO Animal Production and Health
Paper, 2002, 171-182.

Cees de Haan C, Steinfeld H, Blackburn H. Livestock
and the environment: Finding a balance. Report of a
study coordinated by the Food and Agriculture
Organization of the United Nations, the United States
Agency for International Development, and the World
Bank. Brussels: European Commission Directorate
General for Development, 1997.

Census of India, Ministry of home affairs, Government of
India, 2011.

Chakaraborty RP, Chhabra A. Chemical composition of
Leucaena leucocephala seeds and effects of its feeding
on growth and feed conversion efficiency in goats. Indian
J Anim. Nutr. 1988; 5:244-247.

Chavan SB, Keerthika A, Dhyani SK, Handa AK, Newaj
R, Rajarajan K. National agroforestry policy in India: a
low hanging fruit. Curr. Sci. 2015; 108:1826-1834.
DAHD&F. 19" livestock census, Department of Animal
Husbandry, Dairying and Fisheries, Ministry of
Agriculture, Govt. of India, 2017-18.

Damodaran A. A tree forages for dry land farmer.
Newsletter Tamilnadu, 1984.

Deb Roy R, Pathak PS. Silvipastoral fanning for
increasing forage. In Proceedings of the National
Seminar on Forage and Forage Seed Production. Indian
Grassland and Forage Research Institute, Jhansi, India.
1975, 11-21.

Debela E, Tolera A, Eik LO, Salte R. Nutritive value of
morphological fractions of Sesbania sesban and
Desmodium intortum. Trop. Subtrop. Agroecosyst. 2011;
14:793-805.

Deepthi VL, Kalamani A, Manivannan N. Genetic
divergence and association analyses in Hedge lucerne
(Desmanthus virgatus L. Willd). Electron. J Plant Breed.
2013; 4:1261-1264.

Delgado C, Rosegrant M, Steinfeld H, Ehui S, Courbois
C. Livestock to 2020: the next food revolution. Food,
Agriculture, and the Environment Discussion Paper No.
28.The International Food Policy Research Institute,
Washington DC, Food and Agriculture Organization of
the United Nations, Rome and International Livestock
Research Institute, Nairobi, 1999.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

~205~

Dharamsare KS, Gampawar AS, Gorentiwar MV. Effect
of supplementation of Subabul (Leucaena leucocephala)
seed on growth rate in heifers. Indian J Anim. Nutr. 1991;
8:61-64

Dhyani SK. Role of watershed management in improving
forage production. In; Jakhmola RC, Jain RK (Eds)
Sustainable  Animal  Production. Jaipur:  Pointer
Publication, 2003, 173-207

Doran MP, Laca EA, Sainz RD. Total tract and rumen
digestibility of mulberry foliage (Morus alba), alfalfa hay
and oat hay in sheep. Anim. Feed Sci. Technol. 2007;
138:239-253.

Elevitch CR, Wilkinson KM. Agro-forestry Guides for
Pacific Islands. Permanent Agriculture Resources, P.O.
Box 428, Holualoa, HI 96725, 2000.

Ganai AM, Ahmad AH, Bilal S. Nutritional evaluation of
green mulberry (Morus multicaulis) leaves in sheep.
Anim. Nutr. Feed Technol. 2010; 10:133-138.

Ghosh PK, Palsaniya DR, Srinivasan R. Forage research
in India: issues and strategies. Agric. Res. J 2016.53, 1-
12. DOI No. 10.5958/2395-146X.2016.00001.6

GOl. Report of the National Commission on Agriculture.
Part 3, Demand and Supply. Controller of Publications,
New Delhi, 1976.

GOI. Ministry of Agriculture, Department of Agriculture,
Cooperation & Farmers Welfare Ministry of Agriculture
& Farmers Welfare New Delhi. All India Report on
Agriculture Census, 2015, 2010-11.

GOl. Ministry of Agriculture & Farmers Welfare,
Department of Agriculture, Cooperation & Farmers
Welfare, Directorate of Economics & Statistics, New
Delhi. State of Indian Agriculture, 2015-16, 224.
Gunasekaran S, Vishwanathan K, Bandeswaran C.
Selectivity and palatability of tree fodders in sheep and
goat fed by cafeteria method. Int. J Sci. Environ.
Technol. 2014; 3:1767-1771.

Gupta BK, Gupa RP, Malik NS. Effect of replacement of
green lucerne with Subabul (Leucaena leucocephala) leaf
meal in the diet on nutrient utilization and growth in
buffalo calves. Indian. J Anim. Sci. 1988; 5:202-206.
Gupta BK, Raheja RK. Lipid, mineral and other
nutritional components of subabul (Leucaena leucephala)
seeds. Indian J Anim. Nutr. 1986; 3:233-237.

Gupta HK, Atreja PP. Effect of ferric chloride treated
leucaena leucocephala on metabolism of mimosine and 3-
hydroxy (1H)-pyridone in growing rabbits. Anim. Feed
Sci. Technol. 1998; 74:45-55.
https://doi.org/10.1016/S0377-8401 (98)00172-2.

Hassen A, Ebro A, Kurtu M, Treydte AC. Livestock feed
resources utilization and management as influenced by
altitude in the Central Highlands of Ethiopia. Livest. Res.
Rural Dev. 2010; 22:229.

Heering JH, Gutteridge RC. Sesbania sesban (L.) Merrill.
Record from Proseabase. Mannetje L't, Jones RM (Eds.)

PROSEA (Plant Resources of South-East Asia)
Foundation, Bogor, Indonesia, 1992.
Hegde N. Leucaena forage management in India.

Leucaena Research, Asian Pacific Region, Ottawa Agric.
Univ. 14, 1, 1983.

Heuzé V, Tran G, Bastianelli D, Lebas F. Seshan
(Sesbania sesban). Feedipedia, a programme by INRA,
CIRAD, AFZ and FAO. 2015.
http://www.feedipedia.org/node/253.

Holm J. Preliminary data concerning the amount of
nutrients produced by forages grown in Chiang Mai



International Journal of Chemical Studies

40.

41.

42,

43.

44,

45,

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

under a cut and carry system. Thai J Agric. Sci. 1973;
6:211-222.

Humphreys LR., Tropical
sustainable agriculture. Essex,
Scientific and Technical, 1994.
IGFRI Vision. Indian Grassland and Fodder Research
Institute, Jhansi (UP), 2050.

Jones RJ. Value of Leucaena leucocephala as a feed for
ruminants in the tropics. World Anim. Rev. 1979; 31:13-
23.

Kamalak A, Canbolat Y, Gurbuz O, Ozay C, Ozkan O,
Sakarya M. Chemical composition and in vitro gas
production characteristics of several tannin containing
tree leaves. Livest. Res. Rural Dev. 2004; 16(6). Art
#44. Retrieved July10, 2018,
from http://www.lrrd.org/Irrd16/6/kamal6044.htm.
Kandylis K, Hadjigeorgiou I, Harizanis P. The nutritive
value of mulberry leaves (Morus alba) as a feed
supplement for sheep. Trop. Anim. Health Prod. 2009;
41:17-24.

Kareem S, Sundararaj ED. Why Seshania makes
nutritious cattle feed. Indian Farmer. 1967; 17:20.
Karmakar PS, Yadava V, Singh RB, Singh B, Kushwaha
RM. Agathi [Sesbania grandiflora L. (Agast)]: Current
status of production, protection and genetic improvement.
In National symposium on vegetable legumes for soil and
human health. February 12-14, 2016.

Khan ST, Riaz N, Afza N. Studies on the chemical
constituents of Prosopis cineraria. J Chem. Soc. Pakistan
2006; 28:619-622.

Kumar A, Arya RK, Pahuja SK. Effect of cutting and
fertilizer management on seed quality parameters of oat
(Avena sativa L.). Forage Res. 2010; 35:198-200.

Kumar S, Agrawal RK, Dixit AK, Rai AK, Rai SK.
Forage crops and their management. Indian Grassland
and Fodder Research Institute, Jhansi-284 003 (Uttar
Pradesh), India. 2012, 1.

Kumar S, Singh HV, Singh S, Singh KK, Kumar RV,
Mishra AK et al. Tropical range grasses and legumes:
Production packages and nutritional profile. ICAR-Indian
Grassland and Fodder Research Institute, Jhansi-
284003(U.P.) India. 2016, 1-76.

Liu JX, Yao J, Yan B, Yu JQ, Shi ZQ. Effects of
mulberry leaves to replace rapeseed meal on performance
of sheep feeding on ammoniated rice straw diet. Small
Rumin. Res. 2001; 39:131-136.

Luseba D, Van der Merwe D. Ethnoveterinary medicine
practices among Tsonga speaking people of South Africa.
Onderstepoort J. Vet. Res. 2006; 73:115- 122.

Manaye T, Tolera A, Zewdu T. Feed intake, digestibility
and body weight gain of sheep fed Napier grass mixed
with different levels of Sesbania sesban. Livest. Sci.
2009; 122:24-29. doi:10.1016/j.livsci.2008.07.020.
Manikar ND. Soils and Bundelkhand region-Problems
and prospects. Indian J Range Mgmt. 2, 1981, 9-16.
Mathukia RK, Sagarka BK, Panara DM. Fodder
production through agroforestry: a boon for profitable
dairy farming. Innovare Journal of Agri. Sci. 2016; 4:13-
19.

Mejia N. Potential from production of mulberry (Morus
alba) in El Salvador. In: International symposium on
silvopastoral systems and second congress on
Agroforestry and Livestock Production in Latin America,
2002.

role in
Longman

forages: Their
England:

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

~ 206"~

http://www.fao.org/WAIRDOCS/LEAD/X6109E/X6109
EO0.HTM.

Mekoya A, Oosting SJ, Fernandez-Rivera S, Tamminga
S, Tegegne A, Van der Zijpp AJ. Effect of
supplementation of Sesbania sesban on post-weaning
growth performance and sexual development of Menz
sheep (Ethiopia). Livest. Sci. 2009a; 121:108-116.
d0i:10.1016/j.livsci.2008.06.012.

Mekoya A, Oosting SJ, Fernandez-Rivera S, Tamminga
S, Van der Zijpp AJ. Effect of supplementation of
Seshania sesban to lactating ewes on milk yield and
growth rate of lambs. Livest. Sci. 2009b; 121:126-131.
doi:10.1016/j.livsci.2008.06.002.

Meuret M, Boza J, Narjisse N, Nastis A. Evaluation and
utilization of range land feed by goat. In Morand fehr, P
(Ed.). Goat nutrition, PUDOC. Wakening, The Nether
lands. 1990, 161-170.

Moleele NM. Encroacher woody plant browses as feed
for cattle. Cattle diet composition for three seasons at
Olifants Drift, south-east Botswana. J Arid Environ.
1998; 40:255-268.

Nao TV. Sesbania species in two agro-forestry systems.
UNU/CMU  workshop on agro-forestry for rural
communities, Chiang Mai, Thailand, 1979.

Narain P, Kar A. Drought in Rajasthan: Impact, coping
mechanism and management strategies. Arid Agro-eco
System Directorate, CAZRI, Jodhpur, 2004.

NAS. Leucaena: promising forage and tree crop for the
tropics. National Academy of Sciences, Washington, DC,
1977.

Njarui DMG, Gatheru M, Wambua JM, Nguluu SN,
Mwangi DM, Keya GA. Feeding management for dairy
cattle in smallholder farming systems of semi-arid
tropical Kenya. Livest. Res. Rural Dev. 2011; 23:111.
Omar SS, Shayo CM, Uden P. Voluntary intake and
digestibility of mulberry (Morus alba) diets by growing
goats. Trop. Grasslands. 1999; 33:177-181.

Orwa C, Mutua A, Kindt R, Jamnadass R, Simons A.
Agroforestree database: a tree reference and selection

guide version 4.0., 2009, 102.
(http://lwww.worldagroforestry.org/sites/treedbs/treedatab
ases.asp).

Palsaniya DR, Dhyani SK. Natural silvipastoral covers of
India. Ind. J For. 2012; 35:157-66.

Palsaniya DR, Dhyani SK, Rai P. Silvipasture in India:
Present perspectives and challenges ahead. Scientific
Publishers, Jodhpur, India, 2011, 207.

Pandey KC, Roy AK. Forage crops varieties. IGFRI
Jhansi, India, 2011.

Parkash R, Hocking D. Some favourite trees for fuel and
fodder. Society for promoting of wastelands
development, International Book Distributers, Dehradun,
1985.

Pasiecznik NM, Felker P, Harris PJC, Harsh LN, Cruz G,
Tewari JC et al. The Prosopis juliflora-Prosopis pallida
complex. A monograph. HDRA, Coventry, UK, 2001.
Patel BM. A review of work done from 1961 to 1965 at
Anand, Indian Council of Agricultural Research, 1966.
Patel TU, Arvadia MK, Malik PK, Patel DD, Patel PS.
Production of oats (Avena sativa) under different cutting
management and split application of nitrogen. Ind. J
Agronomy. 2011; 56:164-167.

Patil BD, Deb Roy R, Pathak PS. Climatic consideration
in introducing and propagating exotic and indigenous
fodder trees. In Singh, M., (ed.), Top feed resources, their



International Journal of Chemical Studies

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

production, utilization and constraints. Central Sheep and
Wool Research Institute, Avikanagar, India, 1983, 77-83.
Prasad PE, Reddy MR. Nutritive value of mulberry
(Morus alba) leaves in goats and sheep. Indian J Anim.
Nutr. 1991; 8:295-296.

Pravin G, Priti G, Shaikh A, Sindha S, Khan MS.
Sesbania seshan Linn: A Review on its ethno botany,
phytochemical and pharmacological profile. Asian J
Biomed. Pharm. Sci. 2012; 2:11-14.

Raghavan GV. Availability and use of shrubs and tree
fodders in India. Devendra, C. (Ed.). Shrubs and tree
fodders for farm animals. In Proceedings of a workshop
in Denpasar, Indonesia, 1989, 196-210.

Raghuvansi SKS, Prasad R, Mishra AS, Chaturvedi OH,
Tripathi MK, Mishra AK et al. Effect of inclusion of tree
leaves in feed on nutrient utilization and rumen
fermentation in sheep. Biores. Technol. 2007; 98:511-
517.

Ram JJ, Atreja PP, Chhabra A, Chopra RC. Mimosine
degradation in calves fed sole diet of Leucaena
leucocephala in India. Trop. Anim. Health Prod. 1994;
26:199-206.

Ramachandra KS, Taneja VK, Sampath KT, Anandan S,
Angadi UB. Livestock feed resources in different agro-
ecosystems of India: availability, requirement and their
management. National Institute of Animal Nutrition and
Physiology, Bangalore, 2007.

Rani B, Sharma U, Singh U, Sharma R, Gupta AA,
Dhawan NG et al. Prosopis cineraria. (L.) Druce: A
desert tree to brace livelihood in Rajasthan. Asian J
Pharmaceut. Res. Health Care. 2014; 5:58-64.

Roy MM, Tewari JC, Ram M. Agro-forestry for climate
change adaptations and livelihood improvement in Indian
hot arid regions. Intl. J Agri. Crop Sci. 2011.
www.ijagcs.com. IJACS/2011/3-2/43-54.

Sabra HA, Hassan SG, Mohamed MI. Effect of Sesbania
spp. Supplementation on the Reproductive Performances
of Baladi Sheep as Compared to Bereseem (Egyptian
Clover). J Reprod. Infertil. 2010; 1:66-70.

Saddul D, Jelan ZA, Liang JB, Halim RA. The potential
of Morus alba as a fodder crop: The effect of plant
maturity on yield, persistence and nutrient composition of
plant fractions. Asian Austral. J Anim. 2004; 17:1657-
1662.

Sanchez MD. Mulberry: an exceptional forage available
almost worldwide. World Anim. Rev. 2000; 93:1-21.
Schmidek A, Takahashi R, de Medeiros AN, de Resende
KT. Bromatological composition and degradation rate of
mulberry in goats. In: Sanchez (ed) Mulberry for animal
production, 2000. http://www.fao.org/ag/AGA/AGAP/
FRG/Mulberry/Posters/PDF/Schmidk1.pdf.
Schultze-Kraft R, Peters M. Tropical legumes in
agricultural production and resource management: An
overview. Giessener Beitrdge zur Entwick lungs for
schung 1997; 24:1-17.

Shankarnarayan KA. Agro-forestry in arid and semi arid
zone. CAZRI, Jodhpur, 1984.

Shelton HM. Environmental adaptation of forage tree
legumes. In: Gutteridge, R.C., Shelton, H.M., (Eds.).

Forage tree legumes in tropical agriculture. CAB
International, UK, 1994, 120-132.
Singh NP, Bhatia DR. Utilization of Prosopis

cineraria.by sheep and goat. In proceeding of 3™
International conference on Goat production and

91.

92.

93.

94.

95.

96.

97.

98.

99.

diseases. Dairy Goat Journal Publishing Co. Scotsdale
AZ.USA. 1982, 280.

Singh P, Mujumdar AB. Current status of feed and forage
management of livestock in India. Agric. Situat. India.
1992; 47:375-382.

Srivastava S, Kapoor R, Thathola A, Srivastava RP.
Nutritional quality of leaves of some genotypes of
mulberry (Morus alba). Int. J Food Sci. Nutr. 2006;
57:305-313.

Sultan JI, Rahim I, Nawaz H, Yagoob M, Javed I.
Nutritional evaluation of fodder tree leaves of northern
grasslands of Pakistan. Pak. J Bot. 2008; 40:2503-2512.
Susheelamma BN, Jolly MS, Sengupta K, Giridhar K,
Baksh S, Mogili T et al. Statistical analysis of
adoptability of drought resistant mulberry genotypes.
Sericologia. 1992; 32:619-628.

Teferi A, Solomon M, Lisanework N. Management and
utilization of browse species as livestock feed in semi-
arid district of North Ethiopia. Liv. Res. Rural Dev. 20,
2008. Article #86. Retrieved July 10, 2018, from
http://www.lrrd.org/lrrd20/6/areg20086.htm

Tsegaye D, Balehegn M, Kindeya G, Mitiku H, Girmay
G, Mohammed T et al. The role of Garsa (Dobera glabra)
for household food security at times of food shortage in
Aba’ala Wereda, North Afar: ecological adaptation and
socio-economic value: a study from Ethiopia. Addis
Ababa, Ethiopia: Dry Land Coordination Group (DCG),
2007.

Tubiello FN, Soussana JF, Howden SM. Crop and
pasture response to climate change. PNAS. 2007
104:19686-19690.

Van DTT, Mui NT, Ledin I. Tropical foliages: effect of
presentation method and species on intake by goats.
Anim. Feed Sci. Tech. 2005; 18:1-17.

Venkatesh KR, Chhatrapal G, Shobha N, Rohith LS. Use
of mulberry leaves as supplementary food in cow and
goat to improve milk production. Int. J Appl. Res. 2015;
1:81-84.

100.Vosti SA, Reardon T. Introduction: The critical triangle

of links among sustainability, growth, and poverty
alleviation’ in Vosti, S.A., Reardon, T., (Eds.).
Sustainability, growth, and poverty alleviation. A policy
and agroecological perspective. Published for the
International Food Policy Research Institute. Baltimore
and London: Johns Hopkins University Press, 1997.

101.Wambugu C, Franzel S, Cordero J, Stewart J. Fodder

shrubs for dairy farmers in East Africa: making extension
decisions and putting them into practice. World Agro
forestry Centre, Nairobi, Kenya; Oxford Forestry
Institute, Oxford, UK. 2006, 172.

102.Yadava PS, Yadava IS. Cell wall constituents and

~207 "~

mineral contents in subabul (Leucaena leucocephala).
Indian J Anim. Nutr. 1988; 5:230-236.



