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PREFACE

Besides being an important source of livelihood, bamboos find a key role in the
industrial sector providing employment and income to the millions. With the increasing
population pressure, natural stands of bamboo are being indiscriminately cut for
livelihood and commercial purposes. The common practice of jhum cultivation in the
northeastern states has resulted in genetic erosion of several bamboo speciesover
exploitation of some species for fuelwood and cottage industry has endangered others.
Flowering of bamboo in a larger part of the northeast India during 2002 -2007 hasresulted
in loss of natural population of bamboo thus leading to a situation of resource crisis. For
bridging the demand -supply gap there is a need for increasing bamboo productivity
through large -scale commercial plantations has become warrantable and need to be
promoted in outside forest areas. The farmers and other commercial growers may take up
the plantations if bamboo can be cultivated in association with other local crops under
agroforestry or otherwise prefer for block plantations with appropriate clump
management techniques for enhanced productivity.

I n view of these facts, the projects proposa
bamboo resource for employment generation and socio-economic development in NE

I ndi ao wa s put forward whi ch wa s sponsored
Department of Agriculture and Cooperation, Ministry of Agriculture, Govt. of India, New

Delhi. The project envisaged survey, selection of site, propagation of planting material,
establishment of field trials to study bamboo -crop interactions and response to clump
management techniques. The Project Completion Report comprises the results of various

field experim ental trials useful for the farmers and commercial growers. It is hoped that

the research outcomes of the project may serve asa practical guide and would be
extremely useful for all stakeholders.

Project Coordinator
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OVERVIEW

Bamboos generally dominate secondary vegetation developing aftergsbultivation and
clearing @ forests and are grown in hosteads, community lands, crop fields, bamboo gardens and
stream banks in north eastern states. Common species grown in Bamboo Garé&erisldag B.
nutans, B. pallida, B. baboa, B. longisigulata, Oxytenathera abyssinica, O. albociliata,
Dendrocalamus giganteu$he clump forming specie@endrocalamus hamiltonis the dominant
bamboo species in the lower plains and mid hill slopes of most of the NE Betasusa pallidas
the dominantbamboo species at higher elevations of Meghalaya and Arunachal Pradesh. Non
clump forming bamboosMeloccana bacciferaand Schizostachyum polymorphurmaye more
prevalent in the plains and lower hills of Mizoram, western Meghalaya, south Tripura, Assam and
Arunachal PradestArundinaria grows extensively in temperate @@n forestbelts in Arunachal
Pradesh andPhyllostachyussps.is largely cultivated in Ziro (Apatani valley), Twang, Shillong,
Kohima and several other places.

In humid tropics bamboos ocupy large area of land compared to other planted trees. On
farmerds | and bamboos are planted or all owed
courtyards, homesteads or small scalenfdands and managed as groves following some
agrdorestry malel and uncultivated wastelands. The land near bamboo clump can be effectively
utilized by growing agricultural crops, horticultural crops or forestry species. The uncertain weather
conditions coupled with increasing cost of raising agricultarabs on rarginal lands rendexide
scope for bamboo based aigmrestry.

In NE India, bamboo is the most important income generating crop for local farmers. There
is a high demand of bamboo in different markets. It is normally marketed either as commercial
bamboo(live culms which are more than 2.5 m in length) or as industrial bamboo (culms less than
2.5 m. in length). Bamboo of 2 m and 1 m length, known as bahi and sarava, respectively, are sold
in the northern states. However, in most states, bamboo with lerggtyieg from 3 to 9 m finds
use in construction of houses. Bamboo based industries provide income, food, and housing to over
2.2 billion people worldwide. There is aS3year return on investment for a new bamboo plantation
versus 810 years for rattan. @nboo shoots provide nutrition for millions of people worldwide.
Bamboo's are extensively used in building small farm houses, goat sheds, piggery enclosures, smal
baskets and string making. Large bamboo pipes are used as water conveyers in the farm
irrigation/drainage system.

In view of these versatile uses of the valuable resource, agencies like National Bamboo
Mission, National Mission on Bamboo Application and International Network for Bamboo and
Rattan Research, Beijing among others are promoting @antiased agroforestry. National
Bamboo Mission, Department of Agriculture and Cooperation, Ministry of Agriculture, Govt. of
India, New Delhi has launched a scheme for development of bamboo based agroforestry models in
different agreclimatic zones of Indi.

The project work led to the means for promoting bamboo in outside area with enhanced
productivity through agroforestry and clump management techniques useful for the farmers and
commercial growers.

The project was financially supported by tNational Bamboo Mission Department of
Agriculture and Cooperation, Ministry of Agriculture, Govt. of India, New Delhi
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1. INTRODUCTION

1.1 Phytogeography of Northeat Region

The forests of northeast India are rich in biodiversity and timber, while the cultural
complexity of the region is extraordinary. The North Eastern region of India covering nearly
2,62,379 sq km area has been divided into two biogeographic zdtestern Himalaya and North
East India, based on floristic composition, the naturalness of the flora and the local climate
(Rodgers and Panwelt988). The Eastern Himalaya comprising of Arunachal Pradesh and Sikkim
IS more mosaic due to high degree aégpitation resulting from direct confrontation of monsoon
laid wind blowing fom Bay of Bengal by abruptlysing hills. The North east India biogeographic
zone (Assam, Nagaland, Manipur, Meghalaya, Mizoram and Tripura) is most significant one and
represats the transition zone between the Indian, iMidayan, IndeChinese biogeographic
regions as well as a meeting place of Himalayan mountains with that of Peninsular India (Rao,
1994). The North EastefiRegion of India lies between 22and 285 6 N leandi800Wd E and
973006 E |l ongitudes, and shares international b
The region ishegeogr aphi cal 6gatewaydéd for much of I n
region is one of the richest in biologicalues with vegetation types ranging from Tropical rain
forest in the foothills to Alpine meadows and cold deserts. The Nkar$ih region of India contains
more than on¢ hi rd of the countryds t ot alortabtipartdof v er
Indo-Myanmar bialiversity hotspot, one of 25 global biodiversity hotspots recognitleel region
has at least 7,500 flowering plants, 700 orchids, 58 bamboos, 64 citrus, 28 conifers, 500 mosses.
700 ferns and 728 lichen species. Bamboo is an essential cammdrferest ecosystem. In the
hilly and mountainous area as well as riverbanks it protects the slopes from erosion as an effective
soil binder.

1.2 Distribution of Bamboos

Bamboo is represented by 75 genera and 1250 species across the world. Banfbaood are
in great abundance in tropical Asia (320 species) and America (179 species) and are unevenly
distributed in the various parts of the humid tropical, subtropical and temperate regions of the
world. Being native to Southeast Asia, countries like, Indhina, Myanmer Thailand and
Indonesia holgprominentbamboo resources. Nearly 138 species of bamboo occur in India, 30 in
Nepal, 33 in Bangladesh, 30 in Sri Lanka, 9O0iyanmar 50 in Thailand, 31 in Indonesia, 44 in
Malaysia, 55 in Philippines and av&00 in China (Sharma, 1980).

India has abundant bamboo resources of about 24 genera and 138 species. Of these, 3 genel
are exotic and the others are indigenous. The major genera occuring in India Aclodmaria,
Bambusa, Cephalostachyum, Chimonobasa, Dendrocalamus, Dinochloa, Gigantochloa,
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Indocalamus, Melocanna, Naohouseaua, Ochlandra, Oxytenanthera, Plaioblastus, Phyllostachys,
Pseudostachyum, Schizostachyum, Semiarundinaria, Sinobambusa, Teinostachyum and
Thamnocalamuslhe exotic gener@uadia, Pseudosasa and Thyrsostachses also in cultivation.

India possesses 25% of the species found in the world and 43% of species found in Asia and has
rich species diversity. Thus, |l ndi a supports
extensiely in the Western Ghats and in the North eastern States. There are about 1,086,800 km
bamboo forests in India (15.67% of total forest cover) which yield about 4.5 m tons of bamboos per
annum (Gaur 1987). Out of the 138 species found in India, onlypé&&8es includingBambusa
arundinacea, B. balcooa, B. polymorpha, B. tulda, B. vulgaris, B. nutans, Dendrocalamus
brandisii, D. hamiltonii, D. strictus, Melocanna baccifera, Ochlandra scriptoria, O. ebracteata

O. travancoricaare used commercially in xaus states (Haque, 1984). Most of the species are
monocarpic with the flowering cycle varying fronbD years.

1.3 Species Diversity in India and Northeast

In general, the generBambusaand Dendrocalamusoccur under the tropical conditions,
while Arundinaria occurs in the temperate region. The most important bamboo of the semi
evergreen forests of the AndamarQOsgytenanthera nigrociliataln the eastern region comprising
of Assam, West Bengal, and Noifast Himalayas, the commercially important baog@re
Bambusa tulda, Dendrocalamus hamiltcaid Melocanna bacciferaRecently, two new species of
bamboowiz., Dendrocalamus sahnéandPleoblastus simoninave been identified from Arunachal
Pradesh.

According to an assessment (Bahadur and Jairl,)1#8&ut 26 species found in India are rare
and barring a few intermediate types, these rare/endemic bamboos have been grouped into the
following three categories.

1. Species having restricted distribution but found in large humbers in a few localitiesnglea
locality: Arundinaria manii, A. ralloana, Bambusa atra, Dinochloa maclellandii, Indocalamus
walkerianus, Ochlandra beddomei, O. ebracteata, O. setigera, O. sivagiriana, O. talbotii,
Phyllostachys assamicsc.

2. Species having wider distribution butund only in very small numberBambusa arundinacea
var gigantia, Chimonobambusa densifolia, C. jaunsarensis, Dendrocalamus stxetus
argentea, Oxytenanthera bourdillonii, Phyllostachys mannii, Semiarundinaria pantlingi,
Sinobambusa elegaesc.

3. Specis having very restricted geographical distribution but found only in very small humbers:
Bambusa mastersii, Cephalostachyum capitatum, Dendrocalamus ha@kemparishii, D.
sahnii, Dendrocalamus strictus, Gigantochloa tekserah, Schizostachyum regersii



-16-

The first groups of plants are not vulnerable due to their larger populations in nature. But the
second group is more vulnerable than the 1st group due to small number of individuals in their
natural habitat. The third group is highly vulnerable duedéry small population over a narrow
geographic range. Any strong disturbance to the habitat may lead to the extinction of the third
group. Therefore, adequate conservation measures of this group are necessarynisitthe
condition. The first two grougpalso require protection as their existence is also threatened in the
course of timeEx-situ conservation measures should be taken up in different locations in order to
raise the gene pool of thare, endangered and endemic bamboos.

Northeast region olndia is very rich in bamboo diversity. It includes as many as 63 species
under 15 genera (Biswas, 1988). Thoreasl., (1985) have reported 55 species under 15 genera.
This shows that approximately 50% of the total bamboo species reported froms|refiaeisented
from this region. A total of 88 species (including cultivated ones) have been reported from this
region. The Northeastern states together support about 63 species (Sharma, 1992). As far as
bamboo species are concerned, the richest Indiae sa&tng species diversity is Manipur with 53
species (Sobita Devi and Sharma, 1993), followed by Arunachal Pradesh with 50 species. The most
widely distributed and economically very important species Bembusa bamboosand
Dendrocalamus strictushese pecies are found growing in the deciduous forests of the southern
tip of the Peninsular India and extending upto the lower Himalayan regions. Among the genera
found in India,Pseudoxytenanthera, Dinochl@nd Bambusagrow widely in the Andaman and
Nicobarlslands. The other important genera having lesser distribution in the Western Ghats and the
North eastern region as&rundinaria, Indocalamus, Pseudoxytenantharal SchizostachyunThe
genera having wider distribution in the Northeastern India Rirgllogachys, Melocannaand
Gigantochloa.

Bamboos find immense importance in every bit and pieces of life in Northeast India having
great variable genetic resource of bamboo grown in almost every place of the region. Among them,
five species viz.Bambusa balaoa, B. tulda B. pallida B. nutansand Dendrocalamus hamiltonii
are being used by local population effectively and hence, economically very important. These five
species are widely distributed across the tropical and-gepical area of the northeastdia. First
four species exclusively grow in homesteads efasm whileD. hamiltoniigrows in forest as well.
Performance of growth characters of these species varies in diverse locality.

1.4 Demands as Timber Substitute

Shrinking resources of forestood and conservation concerns have highlighted the need to
identify substitutes for traditional timbeisis in this contexbamboo assumes special significance.
Bamboos are lontived, woodlike evergreen plant belonging to the grass fan@kaminaeor
Poaceaselt is well known for its versatile use. It is known to be one of the fastest growing plants in
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the world and its growth rate ranges fromi B00 cm per daySometimes bamboos are called
AGi ant grasso (Campbel.IThey d&eell Gepresented natbrallpiaall the r h i
continents except EuropBamboo can be grown quickly and easily, and sustainably harvested in 3
to 5 years cycleslt grows on marginal and degraded land, elevated ground, along field bunds and
river banks. It adafgs to most climatic conditions and soil types, acting as a soil stabilizer, an
effective carbon sink and helping to counter the greenhouse effect.

Since long past human beings have been playing an important role in the distribution and
introduction of barhoos in new area®amboos provide basic necessities of life namely fuel, food,
shelter, clothing particularly to the ruralpobor mer |y it was <call ed as
its usagesvere associated with the economically weak section of sociatielsindigenous people
but now it is being seen in new perspective not onlynastarnative for wood but alsas effective
species to sequester carbon du@ddast growth. Different species of bamboo act as a source of
raw material for cottage indugtin rural areas and large scale paper and pulp industry. India,
Indonesia, Myanmar, Malaya, Japan, Philippines and New Guinea are some of the important natural
bamboo areas of the world. There have been more than 1500 usage of bbhaibgaeported
worldwide.

1.5 Augmenting Bamboo Production

In addition to subsistence and livelihood, the real benefits of bamboo accrue froradaéce
products. Handicrafts (mats, baskets, tools, toys and utensils) and furniture are established
possibilities, produed in finished form or supplied as components to small enterprises for further
processing (for example, supply of mats for production of bamboo mat bdhed® are emerging
industrial and largscale applications too in the manufacture of wood sub&itute composites,
energy, charcoal and activated carboBuilding and structural components represent vast
possibility for enterprise, value addition, income and employment.

Dependency on bamboos has become more during last few decades due to increase of
population especially in the rural areas and therefore, better and sustainable management of the
existing bamboo forests coupled with higher productivity are needed. Diversion of bamboos from
the rural small industrial sector to the large industries Hermanufacture of paper and pulp not
only has affected the livelihood of the rural population but also lead to the depletion of the resource
in the natural forests due to most unscientific large scale extraction. In most northeastern states,
next to agricliure, it is bambodased economic activities that generate a large amount of
employment.

Consistent supply of quality bamboo is a key to the growth and development of bamboo
based industrial sector. The current demand of bamboo for various purpodéerasedsat 26.69
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million tons as against the supply of 13.47 million tons. Even the current supply is largely used for
subsistence purpose. There is in fact a severe shortage of quality bamboo materials. Hence, need fc
augmenting bamboo production is sged to meet the subsistence and industrial demand for which
large scale plantation of commercially significant bamboos would be required. Availability of good
quality planting stocks considered to be an essential-pgqusite for raising largescale benboo
plantation and increasing the production of economically important bamboos for various end uses.

In many areas, bamboo resources have dwindled due to overexploitation and poor management.
This issue needs to be addressed through-avgfinized cultiation, on the lines of homestead,
smaltholder and plantatiecbased cultivation.The role of bamboo in community agroforestry as a
means of generating income for the rural poor is very important.

16 Promoting Bamboo Cultivation Outside Forest Area

Continued subsistence use of bamboo by the rural masses, deprives these communities of the
financial benefits which bamboo bestows upon them. As such augmbatmgpaoproductionseem
to be thestarting point. Initiatives have been taken at various levelspromote the growth of
bamboo sector with a view to realize its potential in poverty alleviation and creation of sustainable
livelihood opportunities for unemployed youthl order to achieve the target of enhanced
productivity of bambos, introducing mboo outside forest areas anddertakng large scale
scientific cultivation of bamboon farmlands has become an issue of immediate attention. In this
context,growing bamboo under area specific agroforestry systenld be a economically viable
option for the farming communitied.ill date, no validated bamboo based agroforestry system has
so far been developed in India. addition improper management of bamboo plantations results in
very low survival, low productivity, poor culm quality, increased atifen by pests, heavy losses of
the harvested culms etc., which can be overcome by adopting proper clump management practices
Hence, improving the yield and quality of the bamboo is of immediate Reachoting bamboo
cultivation on farmlands by scientflly validated cultivation practices including cultivation under
agroforestry with proper post plantation nurturing and management may prove to be helpful in
optimizing the productivity and economic returns from bamboo cultivation. The ptbjesivas
aimed at developing the economically beneficial bamboo based agroforestry models and optimum
mana@gement practices for promotingammboo on farmlands in the northeast region thereby
increasing productivity.

2. OBJECTIVES

2.1. The Statement of Problem

At present bamboo is mainly grown in forest plantations or in different forests as a naturally
regenerating resource which grows in combination with other wild species. The plantations/natural
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forests are extensively managed and the bamboo clumps are cosiynsiabjected to a host of

biotic and abiotic stresses resulting into poor yield and quality of bamboo shoots and culms. The
people of Northeast region depend a lot on bamboo to meet their daily needs of food, shelter and
livelihood. Development of econondlly viable agroforestry models for growing selected
commercially important bamboos alongwith agricultural/horticultural crops and enhancing
productivity of culm and edible shoots through proper clump management may improve the
productivity and quality obamboo, increase the economic returns from bamboo cultivation and
encourage farmers to untkte commercial cultivation ofamnboo on their farmlands.

Agroforestry models for growinBoplars,Eucalypts,Casuarinas etc. with agricultural crops
have been eveloped and are popular among farmers throughout India. But suitable area specific
models for growing the prioritized species of bamboo along with agricultural/horticultural crops
grown in Northeastern region are yet to be developed. There is a neesbeafch and
demonstration of location specific agroforestry models for enhanced economic returns and
production of quality bamboo culms and edible shoots on farmlands.

Poor stand management and unscientific harvesting of bamboo results in very leat perc
survival of plants, low productivity and poor culm quality. Harvesting at longer time intervals
causes yield loss and clump congestion, which leads to twisted culm formation, creates problems
for extraction of bamboo culms and deteriorates their qualdverexploitation of clumps causes
poor culm growth and mortality of mother clumps.

The project thus envisaged to develop suitable agroforestry mdmeléncluding
commercially important bamboos and cash crops to promote bamboo cultivation outsite for
areas for increased production of bamleosuring the optimum land used to standardize proper
management practices for economically important bamboos to attain higher productivity and
guality. Following are the subprojegtise objectives of the pregt:

2.2 Objectivei | (Sub-project i 1):

Development of suitable agroforestry models for promoting bamboo cultivation outside
forests in Northeastern region.
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3. REVIEW OF LITERATURE

Bamboo is not only an ideal economic investment that caatibeed in many different
manners but also has enormous potential for alleviating many problems. The increasing rate of
tropical deforestation makes the search for alternative natural resources important. Immensely
important are the concept of multiplseuof land with multipurpose tree species by increasing the
desired level (33%) of tree cover. The characteristics of bamboo make it a perfect solution for the
environment and social consequences of tropical deforestation. Its biological characterlgits ma
a perfect tool for solving many environmental problems such as erosion control and CO
sequestration. On account of extensive rhizoowd system and accumulation of leaf mulch,
bamboo serves as an efficient agent in preventing soil erosion, cogsetgisture reinforcement
of embankments and drainage channels etc. (hali 2005).

3.1. Bamboo Production under Agroforestry

The basic tenet of agroforestry is that polycultures can share in the resilience of natural
ecologies; possible benefits fre farmer include wider economic opportunity, increased habitat
for beneficial species, and lower management costs. By designing bamboo intcusexed
agroforestry complexes we can maximize its functionality while integrating it with other production
crops. In agroforestry systems where each plant receives individual care, bamboo shows promising
results. This system is especially important and significant for developing country like India. Under
this system because of using various intercrops, produetskdained even in the early stages of
plantation and the income is much higher than any other system.

Information on cultivation of bamboo under agroforestry systems is scanty. Bamboo
(Bambusa bambdss reported to hold the second position in termgrofitability (BenefitCost
ratio) among the crop groups when cultivated in mixed cropping home gardens in Kerala,
(Krishnankutty, 2004). The high B/C ratio of bamboo was due to negligible inputs and high farm
price. Seshadri (1985) observed that growihigaybean as an intercrop of bamboo during the first
six years is technically feasible and economically viable. He also reported that the period of
intercropping can be extended further in wider spacing of the bamboo culms and judicious
manipulation of thebamboo canopy. Balaji (1991) reported that the scope of bamboo in
agroforestry is very wide because of the uncertain weather condition and increasing cost of labour
involved in agriculture these days. In an investigation on systematic bamboo plantation
intercropped with mango, cashew nut, jack fruit, kokum and rubber in the konkan region of
Karnataka, bamboo is reported to be the most profitable among the crops studied and cashew nu
and mango ranked next to bamboo (Wagh and Rajput, 1991).
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3.2 Bamboo hased Agroforestry for Restoration of Degraded Lands

In order to restore degraded agricultural lands in central India, Behari (2001) developed
successful seven agroforestry models with three bamlidsa(nbos, B. nutarend D. strictug.
The inter crops & Soybean Glycine ma) Niger Guizotia abyssinica Moong Phaseolus
aureu3, Wheat Triticum aestivur) Urad Phaseolus mungp Pigeon peaajanas cajah and
Mustard Brassica campestris Shanmughavel and Francis (2001 & 2002) recommended
intercroppng of Pigeon pea, Soybean and Turmeric in bamBod#@mbo} plantations based on
comparative growth and yield. The Land Expectation Value (LEV) i.e., the land area in sole system
required to produce the same yield as in one ha of intercropping, for bdorbwic system is
1.2. However, pigeon pea and soybean provided most benefits in terms of productivity
(Shanmughavel and Francis, 2001). Intercropping ginger under three fertilized edible clump
forming bamboos was beneficial for both the components uhelgraded soil condition of N E
India (Jha and Lalnunmawia, 2004) The feasibility of bamiimobfandisi) in abandoned paddy
fields in Coorg, Karnataka have shown that bamboo at 6m x 6m spacing intercropped with ginger
had the highest NPV (Net Present Mgl and LEV (Land Expectation Value). This may be
attributed to low input costs associated with bamboo farming and higher market value of the
produce over a longer period (Viswanath, Dhanya, and Rathore, 2007).

3.3 Bamboo Based Agroforestry for Sustainal® Landuse

Agroforestry system with bamboo species constitute a sustainable land use option for the
Dong Cao Catchment in Northern Viethnam where bamboo (56% of whicB.abbuemeanp
Acaciamangiumand Tephrosia candidavere chosen as test species fomdating and comparing
filter effects of different agroforestry systems with intercropping, hedgerows or fallow rotation
(Nguyen, 2004). In that study bamboo accounted for a higher percentage of the income than did
trees in the total household economymbide up 714 % of the income compared tel0% from
trees. Intercropping with bamboo showed reducedoftiand lower erosion in comparison to
similar agroforestry systems withcacia mangiunand Tephrosia candidaBamboos of different
heights and growthharacters may be used as windbreaks and thereby protect gardens and other
agricultural systems from the damaging effects of either winds or the frosts that roll off the hillside.
Increased crop productivity can be achieved by carefully arranging bambgertved in the
landscape. Application of bamboo in agroforestry is economically rewarding when yv@mpost
was produced under edible bamb&o éspe) stand (Anon, 2006) (Tables. The Merino Farm at
Gahr Mukteswar, UP is one agency that carried ootho® agroforestry in a scientific manner.
After 6th year of operation by Merino Century Laminating Co. Ltd., the net production was 370 t/yr
and 45.856 t/yr for vermisompost and bamboo culm with a net revenue of Rs. 2,51,600 and Rs.
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83,667, respectivelfrom 4.0 acres of plantation at 5m x 5m. After deduction of total plantation
establishment and maintenance cost (Rs. 1,92,000), the net profit became Rs. 1,43,267 after 6tt
year. The consolidated profit for 7th year onwards was expected to be Rs. 3|3b,283. 83,817

per acreBeing perennial grasses, bamboos have higher root length densities than the dicots. Thus
in mixed species system, bamboos may-compete the field crops or other tree crops grown in
association.

3.4  Growth & Yield of Bamboo under Agroforestry

Very little information is available on growth and yield of different species of bamboos
under agroforestry system (Patil & Patil, 1988). In many places, bamboo is grown basically as a
homestead species and is well suited to be growmdrbouses and compounds. It is also seen in
farmlands in isolation or on farm boundaries, since it finds one use or the other in the daily routine
of the farmer. Its low gestation period, fast growth, diversified uses and easy marketability are
pointers ¢ its potential as an agroforestry species. Different types of integrated farm models using
bamboo have been suggested for different agro situations as given below:

u Bamboo + tegCamellia sinensjs

a Bamboo + some viable timber trees l&enelina arboreand/ or agricultural crops

a Bamboo + fish pond and/or poultry

a Bamboo + edible fungi and/or medicinal plants

Looking into the vast potential of bamboo for seemnomical development of rural communities,
there is a need to develop suitable bamboo basetbeggtyy models for the different agroclimatic
zones in India. Most of the R&D efforts on cultivation, harvesting, developing agroforestry models
with bamboo are mainly ob. strictusandB. bambosin past, practically no research efforts made
on developrent of bamboo based agroforestry models of bamboos for northeast region.

3.5 Management of Bamboo Agroforestry Plantations

In agroforestry plantations, there are irgeecific competitions that can be overcome by
planting crop 8m away from the bamleoclumps. Trenching (380 cm wide and 580 cm deep
at 56m away from the clumps) to spatially isolate bamboo roots from the rest of the crops is
recommended, if crops are to be planted at shorter distances. Bamboo root competitiveness is
usually a funcon of its rooting intensity with crown radius. Larger clumps have wider foraging
zones usually extending to about 8 to 9 m. Therefore, canopy reduction treatments such as pruning
and culm thinning are appropriate to surmount #sfEgcific competition. Pning up to a height of
1.5 m above the ground is recommended in plantations of 4 yr and above. Removal of dry and dead
culms from the centre of the clump to reduce congestion is also recommended. The success unde
bamboo system may be ascribed to the emtrpumping or mining action of the bamboo, slow
decomposition of its silicaich litter and the extremely high biomass of bamboo fine roots. Bamboo
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recovers much of the nutrients leached deeper into the soil profile and deposits them at or near the
soil surface as above ground litter and dead fine roots. Thegdnehemical role of bamboo is
behind the sustainability of this agroforestry system (Chrisietndy1997). The success of bamboo
based agroforestry system in restoring degraded lands lies fiactat this system is associated

with silvicultural and agricultural operation in continuity and under this system the disturbed sites
can be rejuvenated in successional stages.
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4. PLAN OF WORK

4.1 Work Plan of Sub-Project-I

Different crop combinations along with the species of bamboos mentioned weletvied
in different localities/agroclimatizones of the region. Interactions between different species of
bamboo and different agricultural crop®re investigated to evolve location specific agroforestry
models that would ensure enhanced productivity and high economic returns.

4.1.1Species selectedBambusa balcooa, B. bambos, B. nutans, B. pallida, B. tulda and
Dendrocalamus hamiltonii

4.1.2Activities
0 Survey, Sites Selection and Site preparationSuitable sites for th&® & D Plots were

selected after an extensive survey in the selected siateAssam, Nagaland, Tripura, and
Arunachal Pradesh keeping in view the criteria for selection of landedby an individual
as well as a community. A total area of 3 ha land in each siatetargeted as per the
requirement for theR & D Plots with different geometrical arrangements and crop
associations. Sitewere prepared keeping in view the di@ andfuture requirements for
establishment of th& & D Plots. Plotswere prepared by following the suitable designs
proposed for the speciffeeld trials.

0 By conducting participatory appraisakith regard to suitability of preferred crop
associations, desigrfor agroforestry models were prepared. Bamboo plants were raised in
nursery and the other plant materials for intercropping wbtainedfrom reliable sources.

Far mer so training and demonstration wer e
cultivation ad managemenData sheets were prepared for collection of datavaious
parameters in reference to agroforestry research.

The parameters include:

A Survival, growth and productivity of crops.

A Shoot emergence, shoot mortality, culm production, culm dpwsnt, and clump
expansion.

A Production of bamboo shoot and culm.

U Establishment of R&D Plots of Bamboo based AF modelsThe R&D Plots were
established as per the proposed designs at different selected sites in the vagows.
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bamboo based agroforestmyodelswere established taking into account the preference of
farmers and local demands

Assessment oadaptability level of the viable models:Though, the project period of three
years is too short to assess the adaptability level of the models, eugh,thased on their
current status and future prospects, SWOT Analysis was done to explore views of the
farmers with regard to positive and negative aspects of intercropping under bamboos outside
forest area during a trainirgumworkshop organized for ¢hfarmersat thendof the project

period. The exercise followed the sessions on experience sharing on bamboo cultivation in
farmlands.

SWOT Analysis

Issue:

Bamboo for Intercropping in Farmlands/Wastelands in NE Region

The issues in relation tmanagement of intercropping trials/practices were discussed

with the farmers during the trainiraumworkshop program and their views were recorded in order
to know the reasons for sustaining the practice through exploring likings and dislikes.

After a detaiéd discussiomluring dwo-way experience sharibg s e sthe ibraims®rming

session was moderated on following points:

Willingness to take up bamboo under agroforestry

Unwillingness to spare cultivable farm lands for bamboo plantations
Preference of babwoo to other cash crops

Willingness to continue with intercropping

Willingness to participate in such programmes

The outcome was compiled as below which is an important information documented under the

project:

STRENGTHS WEAKNESSES OPPORTUNITIES THREATS
Suitable conditions for| Farmers does not prefer| Awareness of Theft of bamboo plants
bamboo cultivation in | to spare their cultivable | propagation and after transplanting.

NE Region lands for bamboo plantation techniques

Bamboos have the Farmers does not allow | Availability of seed The closer spacing
potential to ensure the mixed/block planting | and plant materials of| 7mx7m formost of the

income generation on farmlands, but on preferred crops locally| species may not allow
boundaries only crops to yield adeauiely
after 4 yearof
plantation.
Short rotatiorreturns | Being uncultivated Availability of market | The cultivable lands, if
in less timelnstant degraded land spared, may be spoiled
income generation intercropping and its due to huge rhizome basg
maintenance becomes of clumps and may be

expensive. highly expensive to
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revert back.

Native to many Degraded lands not Young shoots are Damage to the

bamboo species whicl| preferred for agriculture | preferred as food plantations by both man

are most suitable as | are generally located at ¢ and animal by

food and preferred by | distantplace, hence removal/destroyng of

many ethnic groups | intensive management tender shoots.
becomesdifficult

Many communities are Farmers land W be

traditionally associatec spoiled if the facilitating

with bamboos agencydiscontinue

extendng maintenance
and material support as
provisioned

Though the yields are
reduced, additional
income can be
generated by
intercropping of
vegetables etc.

5. METHODOLOGY
Methodologies adoptl for targeted work plan under the two Subjects aredetailed as
under:

5.1 Sub-projectil: Development of suitable agroforestry models for promoting bamboo
cultivation outside forests in NE region.

5.1.1Site Selection

Field surveywas onducted inall the agroclimatically and phytogeographically distinct
states of northeast India and interaction was done with local farming communities. Based on site
visits and willingness of respective farmers, all together 12 plots comprising 2 ha each were
selectedon farmlands in four states namely Arunachal Pradesh, Adsagaland and Tripura of
northeast region for establishing envisaged bamboo based agroforestry trials. Details of the entire
selected sites are presented ablel.

Table-1: Site Locations in he four NE States

States Sites Selected District
Arunachal | Balemu West Kameng
Pradesh Bordumsa Changlang
Rupa West Kameng
Assam Boko Goalpara District
DoitherRongbong Ghat Karbi Anglong District
Satra (Sotai) Jorhat District
Nagaland | Monsenyimti Mokokchung
Jalukie Peren
Peren Village Peren
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Tripura Arundhati Nagar, Agri Research Farm West Tripura
Golirai Bari WestTripura
Nowagang North Tripura

5.1.2 PRA for Selection of Bamboo & Intercrop Species

Participatory appraisalsvere conduci in respective villages of all the selected sites
involving the participating farmers faelection and finalization of bamboo and intercrop species
based on farmersdé preference, agroclimatic
demonstrationtrials. Details of locatiorwise selection of bamboo and intercrop species are
depicted inTable&.
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Table-2: Site-specific Selection of Bamboo and Intercrop Species through PRA

Sl. State Location of the [ Bamboo Species Horticultural and Agricultural crops in Rotation
No. site other plants Quadrat studies (size 2m x 2m)
Boko, Kamrup | Bambusa tulda, B. Orange Som Ladyfinger ,Coriandeand other
balcooa & B. nutans seasonal vegetables
Rongbong B. balcooa & B.tlda | Arecanut & Mango. | Maize, Colocasia and seasonal
1 Assam Ghat, Karbi vegetables.
Anglong
Sotai, Jorhat | Bambusa tulda, B. Orange Zinger, Turmeric and Brinjal.
balcooa & D. strictus
Mongsemyimti,| Bambusa tulda, B. Arecanut& TraditionalJhumcultivation
Mokokchung |balcooa & B. nutans | Pineapple
2 Nagaland | Jalukig Peren |B. balcooa Pineapple Turmeric & Zinger
PerenPeren | B. nutans Orange Mango Mustard and Colocasia
Balimu, West | B. balcooa & B. tulda | Arecanut & Orange | Seaonal crops & vegetables
Kameng preference given by local farme
3 Arunachal | Bardumsa Bambusa tulda & B. | Arecanut & Orange | Seasonal crops & vegetables
Pradesh Changlang nutans preference given by local farme
Rupa Bomdila | Bambusa tulda & B. | Kiwi & Orange Tomab, maize, cucumber.
nutans
SARS, Agartalg Melocanna baccifera, | Arecanut & Mango | Seasonal crops & vegetables
W. Tripura B. tulda preference given by local farme
4 Tripura quagangN Melocanna baccifera A_recanut & Millet, Maize ard paddy
Tripura Pineapple
Goliraibari W. | Melocanna baccifera | Arecanut & Mango | Millet, Maize and paddy
Tripura

5.1.3Field Layout and Plantation design:

In line with the outcome of the participatorgppraisalexercise field layout and conceptual
plantationdesignswere prepared for thagroforestry trialdo be followed at all the selected sites
with minor modifications suited to site conditions. As per design, the planting stock requirement of
selected bamboo and intercrop species were worked out.
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Conceptual Design : Bamboo Plantation for Intercropping Trials
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5.1.4 Trainingsand On-site Field Demonstrations

In-house Training programmeon Bamboo Propagation, Cultivation and Management was
organized on May %24, 2008 for the participating farmers from different sites selected under the
project. Lectures were delivered kgxperts besides conducting practical sessions fitdd
demonstration on propagation, cultivation and management aspects of important bamboo species
This was followed by a series of gite training programs for the farmers of the respective
sites/villages.

A

Motivation of farmers through Organizing &tations training and Osite field Demonstrations:

5.1.5 Establishment of Nurseryand Production of Planting Stock
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A central urserywas establishedat Sotai village, Jorhat with active participationlotal
farmers and technical support of the project teBine. bamboo plants were raised in nursery and the
other plant materials for intercroppimgere obtainedfrom reliable sources in the locality to fulfill
the requirementf the particular desigrCulm cuttingsof differentbamboospeciesviz., Bambusa
balcooa, B. nutans, B. tuldaDendrocalamus hamiltoniwere collected from e Bamboo
Germplasm Bankf RFRIand used for multiplication and production of required planting stock
Propagules (seeds, duatis,etc.) of selected intercrop species were arranged from local
market/private nurseries and various other sources and brought to the central production nursery for
propagation and multiplication so as to raise required number of planting stock.

Dr. Mohinder Pal, Sr. Forestry Consultant, NBM, New Delhi on visit to the Nursery
5.1.6Designing of Agroforestry Field Trials

Based on the appraisals, designs of agroforestry field trials fareliff locations were
prepared.



