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Preface

Bamboo is playing a significant role in the economy and providing livelihood
support to millions of people in rural and urban India. Recognizing bamboo's enormous
potential in the country, there has been lot of R&D activities on various aspects of bamboo
plantation. NRC for Agroforestrf{NRCAF), Jhansi initiateda coordinated resezh
project in October, 2007 obevelopment of Bamboo based Agroforestry Systems for
Six Agroclimatic Zones with funds under R&D project of National Bamboo Mission.
NRCAF is the lead and coordinating centre and five other associated centres under the
State Agricultural Universitiesare located in different agrolimatic zones at Guwahati
(Assam), Jhargram (West Bengal), Bhubneshwar (Orissa), Dharwad (Karnataka) and
Dapoli (Maharashtra). Project aims to develop bamboo based agroforestry models for
differentagroclimatic zones at each centre. Different species of bamboo and crops suitable
to the agreclimatic conditions were selected for each centre. Intercrops were also taken
along bamboo species. The trials were conducted at the research station andrindfarme
field at all the Centres. The final report of the project is presented here.

The Coordinated project generated valuable information on bagropdegume
interface under different edaplscol i mat i ¢ si tuati ons. I't al so
and preferences to opt for bamboo or the intercrops. The Centres organized a number of
training programs, Kisan Mela and interaction with stakeholders which gave strength to
the project. Since, the project was sanctioned only for three years, hence, ttseoresul
interactions between bamboo and crops, soil properties under different systems and initial
economic analysis are indicative and could have been strengthened if at least one rotation
of bamboo was complete. However, all the coordinating centres aid @work and a
number of research publications were brought out. | congratulate all the Pls and
Associates at the Centres for achieving the targets and contributing significantly. Dr. S.P.
Ahlawat and Dr. D.R. Palsaniya deserve appreciation for compilatithe report.

(S.K. Dhyani)
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Development of Bamboo based Agroforestry Systems f&ix
Agroclimatic Zones

Executive Summary

Importance of bamboo for the rural poor, farmers, industry and ecology are very
well known. Being one of the fastest giog plant, perennial nature and ability to
produce culms every year, it gives very high return in comparison of timber trees. Under
agroforestry system, frovide higher economic returns than mamopping systems to
the farmers, conserve and improve $lod, fill the gap of national forest cover (33%) and
provide raw material to the industry as well as for domestic use for the rural community.
Because of the use of various intercrops, products are obtained even in the early stages of
plantation and thencome would be much higher than any other system. Bamboo can be
harvested every year and hence regular income will start much earlier than expected from
any other woody component.

The project envisaged to develop and standardize bamboo based agroforestry
systems for six agroclimatic zones of the country. For this purpose six research centres of
ICAR and State Agricultural Universities at Jhansi (U.P.), Kahikuchi (Assam), Jhargram
(West Bengal), Bhubneshwar (Orissa), Dharwad (Karnataka) and Dapoli (Maharashtra)
situated in different agroclimatic zones of the country, were taBamboo based agri
silviculture systems evaluated at these centres revealed that growth of bamboo irf terms o
clump height, canopy and number of culms in bamboo were higher under the agroforestry
situation as compared to pure bamboo. Bamboo and intercrops did not exhibit any adverse
effect on each others survival, growth and yield. Further, there was no migtiouan
the growth of bamboo and growth and yield of intercrops in 12 x 10 m and 10 x 10 m
spacings, though, their performance was slightly better in closer spacing (10 x 10 m). The
intercrops found suitable for bamboo based agroforestry are chickpesesawhe for
Jhansi (U. P.); turmeric, pine apple and banana for Kahikuchi (Assam); paddy, groundnut,
pigeon pea, turmeric, elephant foot yam and colocasia for Jhargram (W. Bengal); cotton
for Dharwad (Karnataka); toria and sesame for Bhubaneswar (Onss&aagli Eleusine
corasand, sweet potatolfomea batatp and cowpea\(igha unguiculata for Dapoli
(Maharashtra) regionThe study also indicates thaarbboo can tolerate diverse soll
moisture regimesand with an extensive underground reamdrhizome sgtem it
effectively binds the top soiland help in soil conservation. Theamboo based
agroforestry systemisad positive effectsn soil profle and surface soil propertiesthe
organic carbonand organic matter content aravailable phosphorughcreasd. The
exchangeable K, CandMg decreased with increagiristance from the bamboo clumps.

Soil pH and EC also improved under the system.



In the current coordinated trials as bamboo has not completed a rotation of even
four years, therefore, the econonanalysis attempted in these studies can only be an
indicative. However, experiments conducted at NRC for Agroforestry, Jhansi and under
the All India Coordinated Research Project (AICRP) on Agroforestry Centres in different
agroclimatic regions reportecetber economic returns from bamboo based agroforestry
systems in comparison of sole cropping. These studies revealed that the bamboo based
systems yielded # ratio higher than one, indicating high profitability. In middle
Gangetic plain region, bamboo kdssilvipasture system in nawable land under rainfed
condition is reported to provide economic returns in terms of B:C ratio of 1.76 with IRR
55 in ten years.



Introduction

Bamboo is a fast growing, perennial, renewable natural resource and wonderful
gift of nature to mankindlmportance of Bamboo is very well known in daily life of
human beings especially in rural areas. There are more than 1500 recorded uses of
bamboo. It provides food, fodder, construction material, tool and implements for
agriculture, raw material for pulp and paper, and for handicrafts. In addition, it conserves
soil, stabilize slopes and river banks, regreens wastelands. Many cultural traditianag in r
areas are intimately connected with bamboos.

Commercial consumption of bamboo in the world is to the tune of $ 10 billion
("46,000 crore), which is expected to double by 2012. Based on current trends, it is
estimated that the bamboo industry iditncould grow to $ 5.6 billion (" 26,000 crore) by
2015. The international trade represents only a small proportion of total bamboo usage,
domestic use is estimated to account for at least 80 per cent. Bamboo is thus a major world
commodity and backbond bandicrafts and smaticale cottage industries.

Currently there is a mismatch in demand and supply. At present the demand for
bamboo is 26.9 million tonnes as against the supply of 13.47 million tonnes. A
coordinated action plan could put this skevegpiation right, especially given the wide
availability of bamboo in India. Government of India has establidttbnal Bamboo
Mission to boost the bamboo sector in the country. With this background and keeping in
view the objectives and targets of NatibBamboo Mission, Ministry of Agriculture,

New Delhi, this project was proposed for the resource enhancement of bamboo and
improve economy of farmers through bamboo based farming systems in the country.

Bamboo as a woody grass is perfectly suited tofagrstry. Under agroforestry
systems, it is suitable for intercropping, soil conservation, wind break, riparian filter,
permaculture and yields value added products, timber, forages, edible shoots, fiber and
craft wood. Economically its cultivation ensu&R of more than 25%, almost equal to
eucalyptus but returns are recurrent on annual basis aftgears upto 30 years or more
without recurring investments on plantations.

Indian farmers have been growing bamboo since ancient times at their homesteads
small scale farm lands and farm/field boundaries for livelihood support, various purposes
including as live fence to protect their agricultural crops. They are managed as grooves or
following some agroforestry models. Different agroforestry systems lmasbdmboa.e.
agrtsilviculture, agrihorticulture, silvipasture etc. are prevalent in different states namely
Assam, Arunachal Pradesh, Sikkim, Kerala, Tamilnadu, Chhattishgarh, Orissa, Jharkhand
and Bihar. Shade loving crops like, turmeric, zingergdacardamom, vanilla, tea and
some medicinal plants are ideal intercrops with bamboo for agroforestry systems. For
extending bamboo cultivation through agroforestry system to other states, the
compatibility of food crops with bamboo based system, needetdested so that, a
complete package can be provided to the farming community. In China, bamboo based



agroforestry models based on mairBambusa, Dendrocalamuand Phyllostachyus
species are very popular and have given best economical, social andoatdlegefits to
the farming community at large.

Bamboo based agroforestry models will provide higher economic returns to the
farmers, improve the solil, fill the gap of national forest cover (33%) and provide raw
material to the industry as well as fomdestic use of the rural community. Because of the
use of various intercrops, products are obtained even in the early stages of plantation and
the income would be much higher than any other system. Bamboo can be harvested every
year from fourth year onwardsnd hence regular income will start much earlier than
expected from any other woody component. Agroforestry practice will also benefit the
bamboo plants by sharing the inputs of irrigation, manure and fertilizers, weeding etc.
applied to agriculture cropgand hence bamboo quality and yield would be better than
unmanaged plantations. So, the total returns can be much higher than other woody
plantations.

Throughout the country, farmers and field foresters are cultivating bamboo
following traditional practies and majority of them are not aware of the new techniques
of propagation, farming and management of bamboo plantations. Recent developments in
any field do not reach to the grass root users without demonstrations and extension
activities. Due to lack oknowledge, poor management, unscientific method of culms
extraction and over harvesting makes most of the clumps and bamboo plantations
unproductive. Therefore, National Bamboo Mission has kept a target of improvement of
7,500 ha existing stock of bambg@tantation in initial phase. State Forest Departments
have been creating bamboo plantations in forests, on degraded lands to check soil erosion
and ecological rehabilitation. If potential of qualgianting material giving high returns,
proper managemeand harvesting practices of bamboo clumps are demonstrated, farmers
and foresters will definitely come foreword to take up its cultivation. That will not only fill
the gap in demand and supply of bamboo, but will also meet national forest cover target,
sawe significant amount of foreign exchange by reducing the import of timber, pulp and
paper and more importantly improve the economy of rural poor.

Keeping above facts in mind this project was proposed with following objectives:
Objectives

1 To develop andtandardize bamboo based agroforestry systems suitable to different
agroclimatic conditions.

1 To demonstrate the scientific management practices and potential of bamboo based
agroforestry systems at farmero6s fields

1 To evaluate productionpotential, economics and impact of bamboo based
agroforestry system on natural resource base.



Technical Programme

The study was proposed to conduct at the research farm of each centre (six centres)
and on far mer 0s f i el ds -cordimgly,tdifferent rteximipad ct i v e
programmes were made for both type of farms and develop the suitable systems.
Following experimental treatments were proposed.

1. Agroforestry Experiments at Research Cer
Bamboo species : 1 at 4 centers, and 2 species at Assam and Jhargram center
Spacing 2

(10x10 m = 100 clumps/ha and 12x10 m=84 clumps/ha)
Clumps per plot 112 (3 x 4, rows X clumps)
Plot area : 1200 nf in 10x10 m spacing, and

1440 nfin 12 x10 m spacing
Inter-crops : Locally grownrainy (kharif) and winter (abi) season crops
Control : Pure crop (without bamboo), and

Purebambooplantation (without crop)
Replications : Three
Design : RBD
2. Demonstrations on Farmero6s Fields
Species : 1 (best @apted and preferred by the farmers of the region)
Spacing :4-5m clump to clump in single row on field bunds

Intercrops  : Locally grown crops (as per farmers choice)
Treatments : Soil forking and soil mounding
Manure & fertilizer application (twice)
Pruned and wpruned culms (branches from node)
Control (unmanaged clump)
Area : 2 ha @long field bundsit different locations according to the availability
of land in farmers fields)

List of Rsearch Centres with a name obamboo species and interaps

Research Centre Bamboo species Intercrops

NRCAF, Jhansi | Dendrocalamus strictug Chickpea irrabi and sesamum ikharif

Kahikuchi, Assanm Bambusa tulda & B. Turmeric, pine apple and banana

balcooa
Jhargram, Bambusa tuldand Paddy, groundnut, pigeon pea, turmeri
W. Bengal Bambusa balcooa elephant foot yam and colocasia
Dharwad, Bambusa bambos Cotton

Karnataka

Bhubaneswar, Dendrocalamus strictuj Toria inrabi & Sesame irkharif
Orissa

Dapoli, Pseudeoxytenenthera. | Nagli (Eleusine corasanaand sweet
Maharashtra stocksii potato (pomea batatgin kharif &
cowpea Yigna unguiculatain rabi
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Project title: nADevelopment of Bamboo

Agroclimatic Zoneso
Technical programme

1. Agroforestry Experiments at Research Centre

Bamboo species  : Dendrocalamus strictus
Spacing 2
(10x10 m = 100 clumps/ha and 12x10 m=84 clumps/ha)
Clumps per plot 12 (3 x 4, rows X clumps)
Plot area : 1200 nf in 10x10 m spacing, and
1440 nfin 12 x10 m spacing
Inter-crops : Chickpea irrabi and Sesamum ikharif
Control : Pure crop (without bamboo), and
Pure plantation (without crop)
Replications : Three
Design : RBD
Treatments:

T, : 10x10m Bamboo + Gram
T, : 12x10m Bamboo + Gram
T3 : 10x10 m Pur&amboo
T4 : 12x10m Pure Bamboo
Ts : Pure Gram
2.Demonstrations on Farmer6és Field
Species . D. strictus, B. bambaandB. vulgaris
Spacing :4-5m clump to clump in single row on field bunds
Intercrops  : Locally grown crops (as per farmers choice)
Treatments : Soil forking and soil mounding
Manure & fertilizer application (twice)
Control (unmanaged clump)
Area : 2 ha @long field bundsit different locations according to the availability
of land in farmers fields)

1. Agroforestry Experiments at Regarch Centre
Experimental site at research centre

The experimental trialvas laid outat the Research Farm of the National Research
Centre for Agroforestry, Jhansi (Uttar
251 m altitude from MSL. The solil tgpis red and black. Selected field has mix of both
type soili.e. sandysoil.

The climate of the experimental site is tropical with short wifdkowed bylong

and hot summer. In this area, the summer temperature is generally very high and during
winter temperature remains moderately low. Maximum and minimum temperatures were

b

a



found to vary betwee89-24.1°C and 26.76.2°C respectively. Average relative humidity

was found to vary from 90:83.5 %. Average rainfall of Jhansi is 850mm per year.
However, it is drought prone area, where recurrent drought occurs at interval of one or two
year.

Field Preparation

A field of 1.4ha area was selected for conducting experiment in the research farm
of the centre. Ploughing by mouldboard plough, disocow and then leveling, etc
operations were carried out before planting of bamboo at the end of Aligadteld was
then ready for lanting of bamboo plants. Drainage channels weaeleto remove excess
water.

Soil status

Soil of the experimental site is low in fertilitynitial statusof soil waspH 6.54,
EC 0.180 dSM, organic carbon 3.92 Ksoil, available N213 kpa', avaibble P 5.28 kg
ha' and available K 185 kiya™.

Experimental design layout and digging of gts

The experiment was laid out in simple randomized bldelsign with three
replications The gross plot size is 120 (@Bpacing 10 x 10m) and 1440 h{Spacing-
12 x 10m).Thelayoutof experimenivasdoneusing ® m taperopeandrodsfor planting
bamboo as per the technical programiegs (2feet long wooden sticks) were put in the
field at a spacing of 10 x 10m and 12 x 10m. Pits having a dimrens80 x 60 x 60 cm
(length, width and depth) were dug durisgcondweek of Septembel007. Then pits
were filled up withthe mixture of 18200 kg FYM + Top soil of same field + 100 g DAP
per pit.Chloropyrghos (2 g per pit) was applied in each piaasantitermitetreatment

Procurement and transportation diamboo plants

Seedlings oD. strictus(200nos.) were procured from thagroforestry Research
Centre, GB Pant University of Agriculture & Technology, Pantnagar, which were raised
under a pract supportecby NMBA (National Mission on Bamboo Applications). Then
those plants were transported to the site of plantation aé the NRCAF, Jhansifor
planting in the experimental field.



Layout of bamboo experimental plot : D. strictus

R2 R1
East
“— North
10 x 10 m 10 x 10 m
Aonla
Fure
field
crop R3 Pure Bambo
o
Pure banbo
o
12 x 10 m 10 x 10 m 10 x 10 m
R3 R2 R1
12 x 10 m 12 x 10 m 12 x 10 m

Planting and maintenance of bamboo plants in field

Though as a thumb rule planting should di@ne during the second rawf
monsoonnormally in the first week of JulyBut, due to delayed commencement of the
project (SeptembgR007) theseedlings oD. strictuscould beplanted or25" September
2007. Dueto the drought there was no rain after planting of the bamboo plafisat 6 s
why the plantation was needed to be nurtured with water and nutrients.dBdsin5 m
around the plant and a mound of 15 cm high around the seedtiregnade. Each plant
was gven 60 litres of water immediately after plantatiorhereafter, plants were irrigated
periodicallyas per requiremenkrrigation is generally done throughe tankers available
at the centreDue to the drought, life saving irrigation was very esseatdl hence same
was provided through water tanker at an interval e13@ays. Time to time weeding and
soil forking was done for better growth of the plants.

Gap filling of bamboo plants

Since theoptimum season for transplanting from nursery to fieddsnset of rainy
season and hence if planted before this time, there are further chances of high mortality.
So, bamboo plants are being raised in large size (60 x 60cm) polybags containing mixture
of soil, FYM and vermircompost, for better growth and neatch with the plants growing
in fields. They are planted in place of-sarvived plants in the month of July, 2008.

Results
1. Bamboo

The initial data has been recorded on survival and their growth parameters of
bamboo plantgD. strictug during April 2008, after harvest afbi crop, as giventhe



following tables.The survival rate in April 2008 was 70 per cent. The mean plant height,
culms/plant and internode length wé&.2%&tm, 2.86 6.49 cm, respectively.Results
indicated thamaximum plant height (73.38cm) and culms/plant (3.88) were recorded in
T1 (10x10m), while internode length was maximum (8.46cm) ini.&. sole bamboo
(12x10m). At the time of submission of report the bamboo plants have picked up very
good growth and fulsize of bamboo culms were sprouting and growing in almost all the
clumps.

The mortality and poor growth performance of bamboo plants is due to the fact
that plantation was done at the end of September, when the planting season was over. The
Bundelkhand rgion was under severe drought from last four years and during the period
of plantation to growth assessment (from Oct.2007 to April, 2008) there was no rain in the
region. Another major reason is that the bamboo plants were of very poor conditions,
becausdy the receipt of the sanction of the project all the tall and healthy seedlings were
sold by the nurseries. The plants available at that time had abd&&cib height. To
ensure the plantation of certified species and improved quality planting stotkeall
possible sources were explored. Hence, the material was procured from the Agroforestry
Research Centre, G.B. Pant University of Agriculture and Technology, Pantnagar,
(Uttarakahand). This material was multiplied under the programme supported by Nationa
Mission on Bamboo Applications, New Delhi. However, the plants were maintained in
large size poly bags (40cm dia. and 60cm height) each consisting around 35 kg media of
soil:FYM: vermicompost in ratio of 1:1:0.05, to ensure the casualty replacemene by th
plants of same size as growing the field. In fields also the plants were regularly watered at
an interval of 1615 days by providing 60 lit. water per irrigation.

Availability of the quality planting material of bamboo species is always a
constraint.The culms ofDendrocalamus strictuare comparatively thin and smaller size,
which are generally not preferred by the farmers for cultivaasrthey demand for large
culm size of bamboos. In order¢onduct trial at farmers fields andreeet their demand
at the same time two potentially species of the rege. vulgaris(green) and. tulda
which were originally proposed in the project, also procured from #groforestry
Reserch Centre, G.B. Pant University of Agriculture and Technology, Hadin&yar,
(Uttarakahand). Two hundred plants Bf vulgaris and 60 plants oB. tulda were
procured. The plants d8. vulgariswere multiplied by culm cuttings and had attained
good enough size for field planting. On the other hand, the pla®stofdawere in very
poor condition similar to thB. strictus These plants were also planted at 10x10m spacing
in three replications in another field to conduct agroforestry trials.

The growth performance of the plants of both species is presented in tadle82 a
Performance oB. vulgarisis better tham. strictusandB. tulda, because initial size of the
plants ofB. vulgariswas much higher than other two species.



Table 1.Growth of D. strictusplanted at different spacing

Treatment | Plant height (cm)| No. of culms /plant Internode length (cm)
T1 73.38 3.88 7.72

T, 58.00 2.25 6.36

T3 66.25 3.75 8.12

T4 68.30 3.55 8.46

Ts - - -

Mean* 61.27 2.86 6.49
Minimum 25.00 1.0 4.60
Maximum 102.0 5.0 9.60

* - mean of the total population

Table 2.Growth performance of B. vulgaris

Plant height (cm) | No of clump/plant | Internode length (cm)
Mean 119.40 3.33 6.49
Minimum 60.0 2.0 7.60
Maximum 194.0 10.0 14.0

Table 3. Growth performance ofB. tulda

Plant height (cm)

No of clump/plant

Internode length (cm)

Mean 68.10 3.40 5.90
Minimum 40.0 2.0 4.60
Maximum 100.0 7.0 7.40
2. Intercrop

Chickpea (variety Samrat) was taken as intercrop dumtg with D. strictus
Lentil was taken witlB. vulgarisandB. tulda. The crop was sown in the end of October
and harvested in March 2008. The data on both the crops was recorded and same is
presented in Table-4.

The observations on germination of gram was cent per cent in the initial tests.
Among different treatments,sTreatmenti.e. sole gram was found best due to highest
values of all the parameters. Average mean of plant height, number of branches /plant,
number of pods/ plant , grains weight / plant, grain yield (kg/ha) and test weight was 43.4
cm, 6.60, 66.87, 186g, 1853.0 kg/ha, 178.98g was found highest 4n This was
followed by Ty and T. In case of lentil as intercrop witB. vulgarisand B. tulda the
maximum vyield of intercrop was recorded in pure lentil as shown in Table 6 and 7.

2. Demonstrationson&r mer 6 s fi el ds
Simultaneously, on farm trials were initiated to assess the suitability and
acceptability of the bamboo based agroforestry systdntise fields of selected farmers.



Bamboo speciesD. strictus, B. bambosnd B. vulgars, suitable to the agroclimatic
conditions and preferred by the farmers have been planted on farmers fields. Intercrops
were grown by the farmers in the fields as per their choice. Generally, mustard was grown

by all the farmers.

Table 4. Growth and yield dtributes parameters of gram under bamboo based AF

system

Treatment | Plant Plant | No. of No. of | No. of | Grain Test Straw
stand/ height | branches| pods/ | grains | wt./ plant | wt. (g) | wt./
m?area | (cm) /plant plant /pod | (9) plant (g)

T 42.27 42.97 | 6.45 65.09 | 1.96 |11.79 178.43| 17.74

T, 36.8 43.26 | 5.82 66.73 | 1.89 | 12.23 178.88| 17.40

Ts - - - - - - - -

Ty - - - - - - - -

Ts 43.87 43.52 | 6.60 66.87 | 2.2 12.66 178.98| 18.02

Table 5. Yield parameters of gram under bamboo based AF system

Treatment | Grain yield | Straw yield Biological yield Harvest index
(kg/ha) (kg/ha) (kg/ha) (%)
Ty 1720.21 2301.91 4022.12 43.00
T, 1735.59 2269.77 4005.36 43.00
T3 - - - -
T, - - - -
Ts 1853.00 2413.00 4266.00 43.43

Table 6.Growth and yield attributes parameters of lentil under bamboo based AF

system
Treatment Plant | Plant No. of No. of | No.of | Grain | Straw | Test

stand/| height | branches| pods/ | grains/ | wt./ wt./ wit.
m? | (cm) Iplant plant pod | plant | plant | (g)
area 9) (9)

B. vulgaris 61.53| 33.68 5.61 54.11 1.68 | 258 | 5.86 | 26.90

+Lentil

B. tulda+ Lentil | 68.00| 34.00 541 4412 1.78 | 2.24 | 5.60 | 26.81

Pure Lentil 69.00| 36.50 5.86 58.16 196 | 262 | 590 | 27.18

Table 7 . Yield parameters of Lentil under bamboo based AF system

Treatment Grain yield Straw yield | Biological Harvest index
(kg/ha) (kg/ha) yield (kg/ha) | (%)

B. vulgaris+ Lentil | 661.12 1235.12 1896.51 35.00

B. tulda+ Lentil 531.46 1242.95 1774.41 30.00

Pure Lentil 682.86 1246.80 1985.18 34.86




Selection of farmers
A team of scientists surveyed the prospective areas and visited the progressive

far mer s

i nter e

sted i n

i t s

team has finalized the farmers in different villages of district Jhansi.

Planting of bamboo
On farmers fields also thate having a dimension of 60 x 60 x 60 cm (length,
width and depth) were dug duritigrd week of SeptembgR007. Then pits were filled up
with the mixture of 12200 kg FYM + Top soil of same field + 100 g DAP per pit.
Chloropyrghos (2 g per pit) was applied in each pit as antaniite treatment The
bamboo specieB. strictuswas planted in farmers fields and their growth performance is

given below.

Growth performance of Bamboo in farmerés fieldsin March 2008
(Planted in Sept 2007)

1. Farmer: Sh. Harprasad, Vill. Ganeshgarh, Jhansi, land holding 2.0 acre

Table 8. Growth performance 0f182 plants ofD. strictusin farmer & field

Attribute Plant height (cm)[No of clump/plant| Internodes length (cm)
Mean 41.99 6.13 19.52
Minimum 24.00 2.0 13.80
Maximum 83.00 13.0 24.60

A Crop: Mustard¥ield : Av. 1026 kg/ha

2. Farmer: Sh. Ram Kumar, Vill. Ganeshgarh, Jhansi, land holding 5.0 acre

Table 9. Growth performance 0f145 plants ofD. strictusin farmer & field

Attribute Plant height (cm)No of clump/plant| Internodes length (cm)
Mean 69.00 2.89 18.12
Minimum 21.00 2.0 12.15
Maximum 120.00 4.00 20.30

Crop: Mustard;Yield : Av. 1217 kg/ha

3. Farmer: Sh. Shobha Ram Rajput, Vill. Nayakheda, Jhansi, land holding 60 acre

cul tivation.

Table 10. Growth performance of85 plants ofD. strictusi n

farmer 6s

Attribute Plant height (cm) |No of clump/plan{ Internodes length (cm)
Mean 210.67 3.07 18.82

Minimum 90 1 13

Maximum 310 6 26

Field crop : Mustardrain yield : Av. 1352 Kg/ha,

field

Bas



Gap Filling

Due to the drought from last four years and non availability of water in the
Bundelkhandregion, severe mortality occurred on far@efields. Hence, all the un
survived plants were again planted in the fields of above farmers during JulyT2068.
year very good rain (>1200mm) was received and bamboo was planted well in time hence,
all the plants are surviving as well as picked updggmwth. Intercultural operations are
being carried out time to time as per the requirements. Besides the vacancy filling, more
plants for taking additional plantation were provided to all the farmers. A total of 1450
plants ofD. strictuswere provided dr vacancy filling and planting in the fields of the
farmers.

Trials on Farmerés Fields initiated in 2008

Several farmers have shown their interest for planting of bamboo on the bunds of
their fields and approached at the centre. In order to conductgtioéorestry trials on
large scale in varied soil conditions and test their viability, some more farmers were
selected in 2008. Details of farmers and plantations dotleearfields are given below:

1. Sh. Ram Singhvill. Hastinapur, Jhansi
SpeciesB. vulgaris 85 plants 100% survival
Intercrop: Lobia Yigna unguiculatain Kharif

2. Sh. Lakshman Singhvill. Chaurari, block: Mauranipur, Jhansi.
Specied. strictus 200 plants 100% survival
Intercrop: Nil inkharif
Field has black soil and due to continuous karif crop could not be sown.

3. Sh. Ghanshyam Prasagvill. Piplokhar, block: Mauranipur, Jhansi.
SpeciedD. strictus 250plantsi 100% survival
Intercrop: Nil inkharif
Field has black soil. Due to stnuous rainkharif crop could not be taken.

View of trial during rabi crop, 4 months after planting

e A

D. strictuswith Chickpeai Intercrop (4 months after planting)



Trials view during kharif crop, 10 months after planting

—

Sesamum (Til) intercrop with D. strictus
Growth performance of bamboo in 200910

Growth attributes oD. strictuswere recorded aftefwo yeas age (November
2009), under various treatmenend presenteth table 1.The results revealed that the
average height wamaximumunder | (423.56cm) followed by §(412.5cm) and 3
(369.40cm) and least undes B52.91cm)Averageclump diameter was found maximum
under T (460.97cm) followed by 3 (424.82cm), % (391.83) and 7 (324). The total
number of culm&lump were highest in4[(25) followed by T3 (24.32), & (20.39) and T
(20.16). The mean number of new culms/clump was in the ordef>dL3T,>T,. Mean
height of five culms was maximum undey (283.5cm) and lowest in,{232.1). Among
different treatments sThad highst length at &' internode while T, had lowestTreatment
T, had maximumculm diameter at 8 internode. TreatmentT; exhibited maximum
canopyfollowed byTs, T, and T,treatmentsAt this stagethere was no definite pattemm
growth parameterduedifferent treatmentsf spacing and intercroppingith in the same
bamboo species.

Growth behavior otthree bamboo species under a uniform spacing @f10m
under agrofeestry system is presented irable 2 Mean plant height was recorded
maximumin B. vulgaris (548.55cm) followed byD. strictus (423.56cm) andB. tulda
(175.36cm) Clump diameter was heights ID. strictus (460.97cm) followed byB.
vulgaris (351.73cm) andleast in B. tulda (153.865cm). Highest mean number of
culms/clump was recorded B. tulda (33.12) and least iB. vulgaris(18.28). Average
numberof new culms/clump was highest B. tulda (4.88) and lowest irD. strictus
(2.73). FurtheB. vulgariswasfound superior t®. strictusandB. tulda in respect to the
length and diameter of @nternode. The lowest values Bf tuldaare due to the smallest
size of seedlings at the time of planting.



Table 1. Growth performance of D. strictusunder different treatments

Treatments |Plant |Clump New |Total |Length of |Diameter | Canopy

and spacing | height |diameter |culms|culms |3 of 3¢ diameter

(m) (cm) |(cm) Internode | internode | (cm)
(cm) (mm)

T,(10x10m) |[423.56[460.97 |1.73 |20.39 |13.69 18.76 333.66

Bamboo+ croy

T,(12x10m) |369.40[424.82 |1.36 |24.32|13.05 16.95 282.24

Bamboo+ croy

T3(10x10m) [352.91/391.83 |0.76 |[24.32|13.72 17.13 277.25

Bamboo along

T4(12x10m) [412.50{324.00 |1.00 |25.00|12.89 15.37 265.75

Bamboo aloneg

Table 2: Performance of different species of bamboo under agroforestry systems

Species Height Clump New | Total | Length of | Diameter | Canopy
(cm) | diameter |culms |culms 3¢ of 3% | diameter
(cm) internode | internode (cm)
(cm) (mm)
B. vulgaris | 548.55 351.73 4,51 ]18.28|20.35 27.98 459.99
B. tulda 175.36/ 153.87 4.88 |33.12|15.77 6.81 -
D. strictus |423.56 460.97 1.73 [20.39|13.69 18.76 333.66

Growth and Yield of Intercrop in 2009-10

This yearchickpea andsesame was grown irabi and kharif with D. stictus
Bambusa vulgarisand B. tulda The data of growth angield of chickpea, lentil and
sesame intercrops are presented table 8uies. Data reveal that under different spacing
of bamboo based agroforestry systemgvgth, yield and yield attributes webetter under
10x10m as compare to 12x10m spaacirid>. strictus However, performance of sesame
was better under control in comparison to the intercrop.

The grain yield of sesame varied from 260.47 to 352.11 Rgrhdifferent spacing
and species of bamo. The performance of crop under pure system was better than of
intercrop of bamboo and grain yield in pure was 509.47 Kg hle harvest index of till
varied from 17.02 to 22.99% in pure as well as in intercrop with bamboo. It indicates that
the grainyield was 17 to 23 per cent of the biological yield.

Growth and yieldof sesame undehree bamboo speciese. Bambusa tuldaB.
vulgarisandD. strictusis presented in Table 4. The value of growth, yield attributes and
yield of sesame indicates that species of bamboo did not exhibit any definite trend in
respect of all characters. Plant population, plant height, gralid and harvest index was
higher umler D. strictug while number of pogfplant grain weight/plant, and straw
weight/plant,straw yieldand biological yield was highainderB. vulgaris. Number of
brancles /plant was bettemderB. tulda.



The data pertaining to growth, yield attributmsd yield were also recorded at
different distances (0.5, 1.0, and 2.0, 3.0 and 4.0 m) from bamboo plants. The values of
these characters were less in most of the cases at 0.5 m away from bamboo as compared to
1.0, 2.0, 3.0 and 4.0m away from the bamblamtbut differences were nesgnificant.

Table 3: Growth and yield attributes of chickpea intercrop in D. strictus based
agroforestry system

Treatment | Plant Plant | Grain | Straw | Testwt.| Grain Straw | Biologi- | Harve-
(Spacing | intensity | height wt./ wt./ (9) yield yield cal st index
lineXplant) | (m?area)| (cm) plant | plant (g) (kg/ha) | (kg/ha) yield
(9) (kg/ha)
10x10m | 42.27 42,97 | 11.79 | 17.74 | 178.43 | 1779 2326 4103 0.434
12x10m | 36.80 43.26 | 12.23 | 17.40 | 178.88 | 1759 2311 4069 0.432
Distance from bamboo pla(i)
0.5 38.83 41.20 | 10.24 | 17.35 | 178.48 | 1622 2100 3722 0.435
1.0 38.00 41.40 | 12.72 | 17.88 | 179.78 | 1730 2217 3809 0.438
2.0 40.84 43.97 | 13.10 | 18.67 | 180.72 | 1945 2525 4320 0.450
3.0 38.84 44,47 | 12.03 | 16.56 | 178.33 | 1765 2420 4185 0.422
4.0 43.17 44.87 11.94 16.80 178.97 1778 2480 4245 0.422

Table 4: Growth
agroforestry system

and vyield attributes of lentil intercrop in bamboo based

Treatment | Plant Plant Grain | Straw | Testwt. | Grain Straw | Biologi- | Harve-
(Bamboo | intensity | height wt./ wt./ (9) yield yield cal st index
species) | (m?area)| (cm) plant plant (kg/ha) | (kg/ha) yield
@) 9) (kg/ha)
B. vulgaris | 61.53 33.68 2.58 5.86 26.90 668 1274 1936 0.338
B. tulda 68.00 34.00 2.24 5.60 26.81 534 1289 1784 0.305
Distance from bamboo plant (m)
0.5 62.33 30.87 2.39 6.05 26.98 509 1147 1617 0.313
1.0 66.00 33.40 2.22 5.35 26.78 660 1348 1947 0.348
2.0 65.67 34.43 2.54 5.72 26.93 628 1340 1970 0.320
3.0 64.67 35.00 2.43 5.73 26.94 596 1248 1871 0.320
4.0 65.17 35.20 2.54 5.83 26.67 611 1302 1897 0.308
Table 5: Growth and yield attributes of sesame intercrop irD. strictusbased
agroforestry system
Spacing Plant |[Plant |No.of |No.of |Grain |Straw |Grain |Straw |Biological |Harvest
Treatm Popula | Height |pods/ |branch/ |Wt./ |[Wt./ |yield |yield yield index
ents tion/ (cm) plant |plant plant |plant |(kg/ha) |(kg/ha) |(kg/ha) (%)
(m? @ (9
10X10 27.871132.08 30.27| 2.49 | 4.61|15.25|352.11 1392.1| 1744.21| 20.19
D. strictus
12x10 21.131120.04 23.99| 2.09 | 3.28 |11.28|301.46/ 1240.13 1541.59| 19.56
D. strictus
Control 42.00|134.27/43.27| 4.23 | 7.07 | 15.01/509.47,2233.93 2743.40| 22.99




Table 6: Growth and yield attributes of till (sesame) intercrop under different species
of bamboo

Species Plant |Plant |No.of | No. of | Grain | Straw | Grain | Straw Biologica | Harvest
(10X10 m) |popula | height |pods/ | branc |Wt./ |Wt./ |yield |yield | yield index
tion/ (cm) plant | h plant |plant |kg/ha |kg/ha kg/ha %

2

m /plant | (9) (9)
D.strictus | 27.87 |132.08 30.27| 2.49 | 4.61 | 15.25(352.11/1392.10 1744.21| 20.19

B.vulgaris | 24.2 |130.29 41.37| 2.48 | 5.23 | 15.99|323.33| 1575.66 1898.99| 17.02
B.tulda 18.13(129.35/ 32.21| 2.56 | 4.19 | 13.09|260.47| 1003.73 1264.20| 20.60
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Fig. Bamboo ased agroforestry systems at NRCAF, Jhansi
Agroforestry Experiments on Farmers fieldd in 200910

In order to assess the on farm potential and preference of bamboo cultivation,
experimental trials were also taken on flaenersfields of the regiorFFarmers have shown
their keen interest and desired to adopt the bamboo in their field boundary under
agroforestry. Plants @ambusa vulgarisvere planted (85 in 1.0 ha) at village Hastinapur
in the field of Shri Harpal Singh Rajpoot. Durikbarif seasorground nut(282kg/ha) and
in rabi seasorWheat(3756kg/ha) were takemendrocalamus strictugzas planted (280
Nos. in 2.0 ha) at village Nayakhera in the field of Shri Shobha Ram Rajpoot. During
kharif season Urd (515kg/ha), Mung (525kg/ha), Ground n&0 (kg/ha) and irrabi
seasonWheatvar. Malviya 234 (3260 kg/ha) were taken. Any adverse effect of bamboo
on the crop was not observed. The details of growth of bamboo species are given below:

Table 7. Performance of different bamboo speciee n f arigldsr 6 s f

Clump | Clump New | Total Length of 3% | Diameter of 3% | Canopy
Height | diameter | culms| culms Internode internode (cm)
(cm) (cm) (cm) (mm)

Bambusa vulgarisill. - Hastinapur

517.83]235.87 |1.16 [7.16 [17.42 | 27.81 | 426.5
Dendrocalamus strictusvill. -Nayakhera

264 |1675 |6.63 |0.38 | 15.13 | 1343 | 173.92
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Name of Centre Horticulture Research Station,

Assam AgriculturalUniversity, Kahikuchi,

Guwabhati- 17, Assam
Technical programme

Location : Horticultural Research Station, AAU,
Kahikuchi
Main plantation : Bamboo
Bamboo specie: : 2 (Two) i) Bambusa

tulda

i) Bambusa balcooa

Spacing : 1) 10 x 10 m forBambusa tulda
i) 12 x 10 m forBambusa balcooa
Intercrops 3 (Three) i) Turmeric
i) Pineapple
iif) Banana
Design : 3 RBD
Treatments T, Pure plantation of Ts Pure plantation of
bamboo pineapple

T, Bamboo + pineapple
T3z Bamboo + banana

Te Pure plantation of banan
T; Pure plantation of

turmeric
T4 Bamboo + turmeric
Table 2.1.Meteorological data of the centre (20141)
Month No. of | Rainfall Temperature Humidity Sunshine
rainy (cm) (°C) (%) hours
days Maximum Minimum M* E**
Jan, 10 1 224 11.0 89 70 5.36
Feb, 10 0 0 26.7 15.0 72 50 5.21
Mar, 10 2 7.4 31.6 17.1 66 51 5.26
April, 10 4 55.5 28.3 214 99 89 7.70
May, 10 24 154.9 30.2 235 88 71 6.25
June, 10 22 92.5 30.8 26.2 90 84 4.83
July, 10| 19 303.8 32.8 27.6 97 82 3.60
Aug, 10| 14 202.5 33.0 26.5 98 86 4.70
Sept, 100 18 198.0 31.3 25.5 99 84 6.60
Oct, 10 82.0 28.9 23.1 99 84 6.70
Nov, 10 2 2 27.1 18.1 99 78 7.10
Dec, 10 10 167 28.2 21.0 99 91 6.50
Total 142 1265.6 -- -- -- -- --

M* = Morning at 8 -30 a.m.

E** = Evening at 5-30 pm



1. Meteorological data during the periddguary to December, 2010)ex{perimental site
of AICRP on Agroforestry, Horticultural Research Station, AAU, Kahikuchi Centre

2. Mean annual rainfall of the area: 20@fh (approx.)
3. Climatic aberration: About 384 less amount of totahinfall with 52 days more

number of rany days
4. Agro climatic region: Himalayan zone

A. On station

Bamboo rhizomes of one year old culm was selected as planting materials for both

Methodology

the speciewiz. Bambusa tuldgJati) andBambusa balcoo@haluka) Bamboo rhizomes
with one meter length culm length having atleast 3 internodes were taken for the
purpose. Rhizomes were planted in pits &t afgle inclined towards North and the base
were tempered in the month of MafBlagust, 2008. Gap filling was done twice in the
month ofMay, 2008 and June, 2008 B tulda Likewise, gap filling inB. balcooawas
done thrice in the month of June, 2008, July, 2008 and April, 2009 in Research Station.

Three intercropsviz. pineapple (var. Kew), banana (var. Chenichampa) and

turmeric (cv.Tall Clone) were selected for both bamboo species. Pineapple suckers and
banana suckers were planted in the month of September, 2007. Turmeric was sown in

April, 2009.

Initial soil samples during 2008 were collected from the depth3ff 6m, 15 cni

30 an and 30 cm50 cm and analyzed with routine procedures. During 2009 it was

collected from the depth of80 cm.

B. Far mer 6s

I n

of the Research station. Four members of the farmers in 3 different villages were selected

f ar mer so

as follows for experiment:

field

field

bamboo was pl anted
distance of 5 m x 5 m. Other methodakxyfor bamboo and intercrops were similar to that

S. No. | Name ofFarmers Village ,(Ar\]rg)a Crops

1. Sri Lohit Rabha Malong Pura, | 0.8 Banana (Chenichampa
Rongjuli Pineapple (Kew)
Block

2. Md. Ratul Ahmed | Pordupara, | 0.75 Banana (Malbhog),
Rongjuli Turmeric (Tall Clone)
Block

3. Md. Amrul Hoque | Bijoypur 0.75 Banana (Chenichampa
Bongaon, Turmeric (Tall Clone)

n



Rongjuli
Block
4. Md. Abdul Hamid | Pordupara, | 0.60 Areca nut and
Rongjuli pineapple (Kew)
Block
Soil samples from the far mer 63crh.i el d

In Research Station

Table 1.Growth of different species of bamboo under agroforestry system

Species | Clump | Clump New | Total Length of Diam. of Canopy
height | diameter | culms | culms | 3rd 3rd diameter
(m) (m) internode internode | (M)

(cm) (mm)

Bambusa 13.04 2.02 9.97 | 20.57 33.66 67.8 8.33

tulda

Bambusa 9.34 0.85 3.2 14.2 16.48 59.97 6.80

balcooa

Table 2.Growth performance of Bambusa tulda

Treatments Clump | Clump | New [ Total | Length of | Diam. of | Canopy
Height | diam. | Culms | culms 3rd 3rd diam.
(m) (m) (no.) | (no.) | internode |Internode (m)
(cm) (mm)

Bamboo (Sole) 13.0 1.7 8.0 15.3 36 45.0 7.4
Bamboo + Pineappl 11.7 1.7 11.3 16.3 35 46.0 7.0
Bamboo + Banang 13.2 2.3 8.3 19.7 36 56.6 9.1
Bamboo + Turmeriq 12.7 1.7 12.3 | 22.7 32 73.0 7.5
Pineapple (sole) - - - - - - -
Banana (Sole) - - - - - - -
Turmeric (Sole) - - - - - - -

Growth ofBambusa tuldan agroforestry system is described in Table 1&2.Maximum
plant height{13.2 m)and spread (2.3 m) &ambusa tuldavas recorded in the intercrop
plot with banana while average culms (12.3 no.) was the highest in bamboo intercropped
with turmeric in 3 years after plantation.

Table 3.Growth performance of Bambusa balcoa

Treatments |Clump | Clump | New [ Total [Length of 3rd| Diam. of 3rd| Canopy

height | diam. | culms |culms| internode internode diam.

(m) (m | (no,) | (no. (cm) (mm) (m)

Bamboo (Sol¢ 8.9 0.7 3.5 8.5 20.5 20.1 6.8

Bamboo + 9.2 0.6 2.8 6.2 18.7 19.6 6.7
Pineapple

Bamboo + | 13.2 0.9 3.6 6.8 18.8 23.2 5.9
Banana

C



Bamboo + 8.5 0.9 3 7.8 18.3 22.1 55
Turmeric
Pineapple - - - - - - -
(sole)
Banana (Sole| - - - - - - -
Turmeric - - - - - - -
(Sole)

Growth of Bambusabalcooa in agroforesry system is described in Table
1&3.Maximum plant height(13.2 m) and spread (0.9 m) dBambusabalcooa was
recorded in the intercrop plot with banana while average culms (8.5 no.) was the highest in
bamboo as sole in 3 years after plantation.

Table 4.Growth and yield attributes of pineapple under different species obamboo
Species |PI. ht.|Canopy| Leaf | Fruit | Fruit | Fruit | Plant | Plant | Fruit [BiologicalHarvest
(m) | spread |/plant{length| girth | yield wit yield | vyield yield index
(m) (cm) | (cm) | (kg/pl) | (kg) | (a/ha) | (a/ha) | (a/ha) | (%)
B.tulda| 1.3 | 0.85 | 39.3| 19.3| 35.2| 0.90 55 | 333.6 63 396.6 | 15.8

B. balcoog 1.0 | 0.85 [ 50 | 17.5| 33.5| 0.88 6.2 | 427.2| 10.7 437.9 2.4

Pineapple as intercrop withambusatulda registered fruityield of 63g/hawhile
with Bambusabalcooafruit yield was only 10.7g/ha because of less flowering. Fruit yield
was maximum (60.2 g/ha) in pineapple at 4.0 m away from the ba3anabjusatulda.
Similar results were observedBambuséalcooa(Table 4,5,6).

Table 5. Effect of Bambusatulda on growth and yield of pineapple
Distance |PI. ht.|Canopy| Leaf | Fruit | Fruit | Fruit | Plant [ Plant | Fruit [BiologicalHarvest
from (m) | spread|/plant|length| girth | yield wit yield | vyield yield index
bamboo (m) (cm) | (cm) | (kg/pl) | (kg) | (g/ha) | (g/ha) | (g/ha) (%)
(m)
0.5 0.9 1.0 |36.3|185|33.1| 0.9 55 | 330.6| 55.0 | 385.6 | 14.26
1.0 1.1 08 | 225]| 17.2(29.2| 1.2 5.2 | 243.0| 58.0 | 301.0 | 19.27
2.0 1.2 08 |322] 16.5( 35.2| 1.3 35 | 355.6| 48.0 | 403.6 | 11.90
3.0 1.0 09 |380f19.2(30.1| 15 48 | 291.6]| 559 | 3475 | 16.09
4.0 1.1 09 |389]| 193|355 1.8 53 | 353.6| 60.2 | 413.8 | 1454
S. Ed.5%) 0.11] 0.15 | 1.83| 0.68| 1.81| 0.17 | 0.40 | 7.47 | 097 | 18.94 | 1.08
C.D. NS | 033 | NS | 148 | 3.95( 0.36 | 0.87 | 15.28| NS 41.29 | 2.35
CV 13.17 23.40| 8.03| 5.88 | 7.85| 17.54| 12.77| 3.25 | 14.83| 8.00 9.94




Table 6.Effect of B. balcooaon growth and yield of pineapple
Distance |PI. ht.|Canopy| Leaf | Fruit | Fruit | Fruit | Plant [ Plant | Fruit [BiologicalHarvest
from (m) | spread |/plant|length| girth | yield Wt. yield | yield yield index
bamboo (m) (cm) | (cm) | (kg/pl) [ (kg) | (a/ha) | (g/ha) | (g/ha) (%)
(m)
0.5 11 1.0 (320 155(33.1| 0.9 51 | 322.6| 9.6 332.2 2.8
1.0 11 0.8 |305|173(29.2| 1.2 50 | 263.0| 8.0 271.0 2.9
2.0 1.3 08 |32.2| 164 | 352| 1.3 3.8 | 405.1]| 9.6 414.7 2.3
3.0 1.2 1.0 (330152301 15 3.8 | 300.0| 8.6 308.6 2.7
4.0 11 1.0 (329|173 355| 1.8 43 | 336.6| 10.6 | 347.2 3.0
S. Ed.(5%) 0.11| 0.15 | 1.83| 0.68 | 1.81| 0.17 | 040 | 7.47 | 097 | 1894 | 0.32
C.D. NS | 033 | NS | 148 | 3.95( 0.36 | 0.87 | 16.28| NS 41.29 NS
Cv 13.17 23.40| 8.03| 5.88 | 7.85| 17.54 | 12.77| 3.25 | 14.83| 8.00 16.9

Bananaas intercrop irBambusa tuldavas3.09 m plant height and recorded 16.0
g/ha fruit yield (Table 7&8).Statistical analysis showed that fruit yield of banana was
significantly higher (18.3 g/ha) in 4.0 m away from the base of bamboo clump in
comparison to 3.0 ,2.0 and 1.0 m distance. WmilBambusa balcoo#uit yield in 4.0
and 3.0 m was at par and was significantly higher than the fruit yield observed at 2.0 and
1.0 m distance from the base of bamboo(Table 9).



Table 7.Growth and yield attributes of banana underdifferent species of bamboo

Species | Plant |SuckergL eaveqPlant| Hands| Fingers|Finger|Finger| Hand | Fruit | Plant | Fruit | Plant | Bio. | Harvest
height| per Per |girth | per per | girth |lengthjweight| yield |weight| yield |weight| yield [ Index
(m) | Plant | plant | (cm) [bunch| hand [ (cm) | (cm) | (kg) per (kg) | (g/ha)| (g/ha)| (g/ha) (%)
plant

(kg)

B.tulda| 3.09| 1.0 | 32.0|15.5| 33.1 0.9 5.1 |322.6] 9.6 124 | 476 | 16.0 | 4760 (4776.0] 0.335

B. balcood 3.21 | 0.8 | 30.5|17.3| 29.2 1.2 5.0 |263.0 8.0 13.1 | 45.3 | 15.4 | 4530 (4545.4] 0.338

Table 8.Effect of Bambusa tuldaon growth and yield of banana

Distance|Plant| Suckers |Leaveq Plant [HandgFingerq Fruit | Fruit |Hand| Fruit | Plant | Fruit | Plant| Bio. |Harvest
from |height per Per |girth | per | per |length|girth |weightl yield | weight | yield |weight| yield | index
bamboo| (m) | Plant |plant|(cm) |bunch| hand | (cm) | (cm) | (kg) | per (kg) |(g/ha)|(g/ha)| (g/ha) | (%)
(m) plant
(kg)
1.0 |32 292 |108|398|8.00| 16.3 | 13.1 | 12.1| 2.63| 13.0( 41.0 | 14.0| 4545| 4369 | 0.36

2.0 304| 318 51 | 287 | 7.25| 153 | 13.0 | 120| 269 | 13.0| 423 | 16.3| 4303 4318 | 0.35

3.0 293 | 326 52 [416|7.29| 154 | 13.2 | 116| 298| 13.2| 40.0 | 15.6 | 4563| 4580 | 0.37

4.0 3.20| 3.49 95 1481|8.12| 17.2 | 13.8|125]| 3.20| 13.2| 416 | 18.3]| 4763 4780 | 0.36

S.Ed. [0.21| 0.14 | 0.59|3.40(058| 095| 1.0 | 1.07| 0.28| 053 | 2.12 | 0.87] 18.7| 112.95| 0.03
(5%)
C.D. | NS 031 | 1.29|7.41| NS | NS NS NS | 0.39] 1.15 NS 191 | NS | 246.22 | NS

CVv 10.8 6.9 12211361119 93 | 119 | 140| 98 | 56 8.1 86 | 6.5 3.9 13.7




Table 9. Effect of Bambusa balcoo@n growth and yield of banana

Distance|Plant| Suckers |Leaveq Plant [HandgFingerq Fruit | Fruit |Hand| Fruit | Plant | Fruit | Plant| Bio. |Harvest
from |height per Per |girth | per | per |length|girth |weightl yield | weight | yield |weight| yield | index
bamboo| (m) | Plant |plant|(cm) |bunch| hand | (cm) | (cm) | (kg) | per (kg) |(g/ha)|(g/ha)| (g/ha) | (%)
(m) plant
(kg)
1.0 |3.23| 3.03 |12.0]|49.2|8.05| 17.2 | 13.2 | 11.7]| 2.70| 124 | 42.6 | 16.0 | 3408| 3424 | 0.47

2.0 3.14| 3.30 5.6 | 38.6/825]| 153 | 135 | 11.2| 285 11.1 | 452 | 15.0| 3616 3631 | 041

3.0 3.00] 3.40 5.6 [ 55.3|7.20( 18.2 | 140 | 11.0| 3.20| 13.2 | 453 | 17.2| 3624| 3641 | 0.47

4.0 3.45| 3.63 | 10.1|62.0|855| 19.0 | 145 | 12.0| 3.55| 13.5| 46.6 | 17.0| 3728| 3745 | 0.45

S.Ed. [0.25( 0.12 | .088|3.30(0.58| 095 1.0 | 1.07| 0.18| 0.53 | 2.12 | 0.87]60.13| 59.75 | 0.03
(5%)

C.D. |.054| 026 | 192|7.18] NS | NS NS | 2.33| .39 | 1.15 NS 191 |131.0f 130.3 NS

Cv 122 559 | 16.7]126|11.9| 93 | 119 | 140| 98 | 5.6 8.1 8.6 | 2.7 2.6 12.1




Turmeric as intercrop yielded 77.0 g/ha and 222.8 g/ha Batmbusatulda and
Bambusabalcooarespectively (Table 10).With the increasing distance from the base of
bamboo all the growth and yield parameters were recorded higher significantly in both the
species of bamboo (Table 11 & 12).

Table 10.Growth and yield attributes of turm eric under different specieshbamboo
Species | Plant [Leavedy Rhizome | Plant |Rhizome| Plant |BiologicalHarvest
height| per |yield/plant|weight| yield | yield | yield Index

(m) |plant| (k) (kg) | (g/ha) |(a/ha)| (g/ha) | (%)
B. tulda | 1.03 |10.33 1.9 0.35| 77.0 |703.5 780.5 | 9.86

B. balcood 1.16 | 20.3 2.0 0.37 | 2228 |777.0f 999.8 | 22.28

Table 11.Effect of B. tuldaon growth and yield ofturmeric
Distance | Plant |Leaves|Rhizomg Plant |Rhizomg Plant |BiologicalHarvest
from height| per |yield periweight| yield | yield yield | Index
bamboo | (m) | plant | plant | (kg) | (g/ha) | (g/ha) | (g/ha) (%)
(m) (kg)
0.5 1.00 | 6.3 1.2 0.3 68 4954 563.4 | 12.1
1.0 1.23 | 101 2.2 0.2 72 568.3| 640.3 | 11.2
2.0 1.33 | 99 2.3 0.3 78 720.3| 798.3 9.7
3.0 1.13 | 13.2 2.0 0.4 80 755.3| 835.3 9.6
4.0 1.50 | 15.0 2.1 0.3 79 765.0| 844.0 9.4
S.Ed.5%)| 0.14 | 062 | 0.23 | 0.03 | 3.37 | 4.35 6.36 0.49
C.D. 030 | 135 | 051 | 0.06 | 7.35 | 947 | 13.87 | 1.07
CVv 15.81| 8.03 | 16.68 | 12.45( 6.32 | 0.93 1.22 6.67

Table 12.Effect of B. balcooaon growth and yield ofturmeric
Distance | PI. ht. | No. of [Rhizomg Plant |Rhizomg Plant |BiologicalHarvest
from (m) leaf |yield per|weight| yield | yield | yield Index
bamboo plant | plant | (kg) | (g/ha) [(g/ha)| (g/ha) (%)

(m) (kg)
0.5 098 | 6.3 1.2 0.2 | 102.3 14954 563.4 | 121
1.0 111 7.3 2.0 0.2 | 213.2 |568.3| 640.3 | 11.2
2.0 1.01 | 9.9 2.3 0.3 | 213.6 | 720.3| 798.3 9.7
3.0 1.05 | 11.6 2.4 0.4 | 218.0 | 755.3| 835.3 9.6
4.0 1.30 | 12.0 2.4 0.4 | 221.3 |765.0[ 844.0 9.4
S.Ed.5%) 0.04 | 061 | 0.21 | 0.03 | 238 | 524 4.21 0.49
C.D. 009 | 1.34 | 046 | 0.06 | 519 (1142 9.17 1.06
CVv 546 | 9.21 | 1447 | 13.03| 1.74 | 1.14| 0.1 6.63




The initial characteristics of soil under bamboo plantation has been shdwble
13 and Table 14n the Bambusa tulddJati) plot soil textural class was found to be loam
down to the depth of 50 cm. Available N angDPwas medium from top soibt307 50
cm depth. However, available K was high (350.70 kg/ha) in top soil and it decreased with
depth.

On the other hand, soil texture was sandy loam to loamaimbusabalcooa
(Bhaluka) plot. High organic matter was observed in the soil. Available \Nnvealium in
top soil. Available P was recorded to be medium from surface down to the depth of 50 cm.
However, available K was recorded low.

Table 13.Initial soil characterstics of Bamboosa tulda

Depth | Texture [ Organic pH Available nutrients
(cm) matter (2:2.5 (kg/ha)
soil:water)| N P,Ox K,0
0-15 I 0.95 5.5 378.3 314 350.7
1530 I 0.66 5.3 329.3 26.1 315.7
30-50 I 0.57 5.4 316.2 23.1 306.2
Classification: Fine, loamy mixed, hyperthermic DystricEutrudepts

Table 14.Initial soil characterstics of Bamboosa balcooa

Depth  [TexturelOrganic pH Available nutrients (kg/ha)
(cm) matter (1:2.5
soil:water) N P,0s K,O
0-15 sl 1.69 4.6 275.4M | 294 M | 133.2L
15-30 sl 0.91 5.2 218.7L | 32.0M | 130.1L
30-50 I 0.85 5.3 2066 L | 342M | 1226L
Classification: Fine, loamy mixed, hyperthermic Fluventic Dystrudepts

After three years of experimentation soil analyses revealed no definite built up in a
spell of only three years (Table 15 &16).

Tablel5. Sil status inBamboosa tuldg201011)

Treatment Organic matter(%) Available nutrients (kg/ha)
N P,Os K20

Bamboo(Sole) 0.84 372.5 25.7 349.5
Bamboo + pineapple 0.86 387.4 32.7 345.6
Bamboo + banana 0.96 393.3 32.7 336.7
Bamboo + turmeric 1.06 395.7 36.72 362.4
Pineapple (Sole) 0.90 385.9 36.5 342.6
Banana (Sole) 1.04 395.3 38.50 359.6
Turmeric (Sole) 1.06 392.6 37.7 375.9




Tablel6. Sil status in Bamboosa balcoo§201011)

Treatment Organic matter Available nutrients (kg/ha)

(%) N P>0Os K20
Bamboo(Sole) 1.62 270.2 25.6 142.7
Bamboo + pineappl¢ 1.68 292.6 324 140.6
Bamboo + banana 1.72 286.4 314 144.5
Bamboo + turmeric 1.78 2924 35.6 150.2
Pineapple (Sole) 1.62 285.1 354 143.6
Banana (Sole) 1.68 290.4 33.6 150.2
Turmeric (Sole) 1.75 300.5 39.2 165.9

From the data it is observed thidiere is no significant difference among the
treatment in respect of soil nutrient builds up after 3years of experimentation both in
Bamboosa tuldeand Bamboosa balcooaHowever, the lowest amount of of organic
carbon, available N, available was recordethe soil under sole bamboo.

Experiment in farmeros field:

Growth of bamboo and vyi ldhbrdpresdntedimTalder cr op
17. Survival percentage and growth Bambisa tuldawas better thaBambisa balcooa
(Table 17).

Out of 400 banana plants cv.Chenichampa 350 yielded fritarmer 1. 75 per
cent pineapple plants as intercropBambusa balcoogielded fruit (30.5 t/ha) in third
year.

In Farmer 2, 300 Malbhog banana plants recorded fruit yield of 32 t/ha as intercrop
with Bambusa tuldaTurmeric as intercrop yielded 60 g/ha.

Farmer 3 had grown Chenichampa banana and turmeri@tvClone as intercrop
with Bambusa tulda 72 per cent produced fruits in second year and yielded 38 t/ha.
Turmeric yield was 142 g/ha.

Pineapple and arecanut were grown as intercrop Bdétimbisa balcooaby Farmer
4. Arecanut is in vegetative growth stage. Fruit yield of pineapple cv. Kew was 184 g/ha

Table1l7.Yi el d of intercrop in farmersdé field
Farmer Yield (t/ha) Bamboo
Banana | Pineapple | Turmeric | Areca nut spp./height/culm
1. 36.0 30.5 -- -- B. balcooa /7.5 m / 4 no.
2. 32.0 -- 6.0 -- B. tulda/11.8 m/ 12no.
3. 38.0 -- 7.2 -- B. tulda /10.9 m / 10 no.
4, -- 18.4 -- -- B. balcooa 8.2 m/ 5 rno.




Budget and Expenditure: 2007 to 31January, 2011

Particulars Budget (lakh) Expenditure ()
07-08 | 08-09 | 09-10 | Total | 07-08 | 08-09 | 09-10 10-11* | Total ()
A.RIC
1.SRF 1.04 |1.04 |1.16 | 3.24] - 75877 | 62710 120000] 258587
2. FA 0.48 | 0.48 |0.48 | 1.44] -
3.TA 0.50 | 0.40 | 0.40 | 1.30] 49978 38346 - - 88324
4.Chemical & | 0.25 | - 0.25 | 0.50, 19775 18289 - - 38064
Glassware
5.RIC 2.00 | 2.00 | 2.00 | 6.00] 113155 138373 223840 97230 572598
Total of A 427 | 3.92 | 4.29 | 12.48 182908 270885 286550 217230 957573
B. Non R/C
1. Drip irrigation| 1.35 | - - 1.35 96289 - - 96289
2. Lux meter 0.08 | - - 0.08 - - 4098 4098
3.Digital soil 2.00 | - - 200 - - 199775 - 199775
moisture meter 28364 28364
Total of B 343 | - - 3.43| - 96289 228139 4098| 328526
Total of A+B 7.70 | 3.92 | 4.29 | 15.91 182908 367174 502913 221328 1286099
Instl charge10%| 0.77 | 0.39 | 0.43 | 1.59 - - - 159000/ 159000
Grand Total 8.47 | 4.31 | 4.72 | 17.50 182908 367174 514689 380328 | 1445099
Expenditures in addition to the amount mentioned in the Table:
91 Salary of Field Asstt for the month March drawn in April,2011=4,000¢
1 RJ/C for the month March drawn in April, 2011 15,7324
1 Anticipated expenditure(arrear pay of SRF due to
pay enhancement as per ICAR norms) t@aiel "4,16,774
* (Enclosure attachéd
Total =1, 36,506
Final expenditure up to March, 2011 ( in Lakh)
Sanctioned budget 17.50
Fund released
i) F5/Bamboo/ 0708/Audit; dt.3.11.07 8.47
i) NRCAF/NBM/3/2007/Dtd 5.10.09 1.35
iii) NRCAF/NBM/3-7/Bamboo/0708/2489 /dtd 31.01.2011 3.00
iv) FN0.4414/2006Hort (NBM)/dtd 28.03.2011 2.55
Total fund released 15.37
Total expenditure mentioned in the Tahlp to 3f'January, 2011 | 14,45,099
Expenditure up to March, 2011 in addition to the amount mentio| 1, 36,506
Grand total of expenditure 15, 81,605




Minus balance | (-) Rs 44,605

*Enclosure:
Arrear pay of SRF in the adhocAgaforegtrg ct on
for six agro climatic zoneso functioning at

during 2007 2011
1. Sri Pinkudhar Barman, SRF

His arrear consolidated pay to be drawn with w.e-0%®8 to 0601-09@" 12,000/
p.m vide Memo No.AAURS-1.3(78)/200809/1527607 Dtd 2404-08
(Pay=12,000/x 7month 22 days)92,516.00

Less already drawn as follows:

(Pay= 8,000£x 7 month 22 days)=61,677.00

Net payable arrear=92,516.00° 61,677.00=3 0, 83 9. 00 ¢é ( A)

2. Miss Himadri Rabha, SRF

Her arrear consolidated pay to be drawn with w.e-004.0 to 3:03-10@" 12,0004
p.m vide Memo No.AAURGL.3(78)/200809/1527%607 Dtd 2404-08

(Pay= 12,0004x 2month 26 days)=34065.00

Less already drawn as follows:

(Pay= 8,000£x 2 month 26 days)=22710.00

Net payable arrear=34065.00° 22710.00=11355. 00 ¢é ( B)

3. Miss Himadri Rabha, SRF

Her arrear consolidated pay to be drawn with w.e-0410 to 1601-11@" 16,0004
p.m vide F.No.15 (1)/2018&P (Edn) Dtd 2610-10

(Pay=16,000fx 9month D days) =149161.00

Less already drawn as follows:

(Pay=8,000fx 9 month 10 days)=74581.00

Net payable arrear=149161.00 ° 74581.00=7 4, 58 0. 00¢é ( C)
Grand total (A+B+C) =1, 16,774.00

Certified that the bills are verified as per Acquaintance. Rédo certified that the
overdrawn if any detected against the incumbent shall be deducted and deposited in the
University account.

Sd/lllegible
Chief Scientist
Horticultural Research Station
Assam Agricultural University
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EXECUTIVE SUMMARY

The performance of bambdmased agroforestry systems (bamboo intercropped
with rice, pigeon pea, bottle galand turmeric) was investigated at the Research Farm,
Bidhan Chandra Krishi Viswavidyalaya, Jhargram, West Bengal. The experiment was laid
out in a stripsplit plot design, replicated thrice keeping spacing (with two lewel40 x
10 m and 12 x 10 mhithe main plot, bamboo (with two levels i.e. Bambusa tulda Roxb
and Bambusa balcooa Roxb) in the-glit and four levels of intercrops€. rice, pigeon
pea, bottle gourd and turmeric) in the sulizplot. Each plot contains 12 clumps (3 x 4,
rows x colmn) and altogether 12 such plots have been maintained in the experiment. The
four arable crops were cultivated during #mrif season of 2008, 2009 and 2010. Results
indicated that the survival rate of both the bamboo species was 100%. Significaetly bet
growth parameters of both the bamboo species were higher when grown under
intercropping situation than sole bamboo plantation. Significantly higher mean for most of
the growth parameters of both the bamboo species were observed when planted at closer
planting (10x10 m) as compared to wider spacing (12x10 m) under both sole and
intercropping situation. Significant improvement in the soil fertility was observed under
intercropping system as compared to sole bamboo cultivation. The yield of all the
intercrops was slightly higher in sole cropping than intercropping system. Further, yield
difference of the intercrops under the two bamboo plantation was negligible. However, the
yield of all the intercrops was higher in wider spacing (12x10 m) as compareasé&r cl
spacing (10 x10 m). Estimates of the B:C ratio for the different bamboo based agroforestry
systems revealed that bamboased agroforestry system have immense potentiality for
providing livelihood security to the poor farmers through -setiployment ad higher
income.
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INTRODUCTION

Bamboo is a large grass belonging to the subfaBi&ynbusoideagFamily
Poaceag As a plant, bamboo is straight, hollow, smooth, light yet hard and strong. It is
pliable, flexible and can easily be bent asplit. Bamboo is one of the fastegbwing
plants on earth, gaining approximately 121 cm in 24 hrs. It is one of the most important
nonwood forest products as well as agricultural plants in the world. About 18 million
hectares of bamboo are distributadvorld forest ecosystems particularly in Asia, Africa,
and America. Worldwide there are more than 1,250 species under 75 genera of bamboo. It
is found to grow practically all over the country, particularly in the tropicaktsagical
and temperate regns where the annual rainfall ranges between 1,200 mm to 4,000 mm
and the temperature varies betweefiC1and 38C. The most suitable conditions for the
occurrence of bamboo are found in between-Z,080 meter above sea level. However,
two-thirds of the gowing stock of bamboo in the country is available in the reatstern
states. This natural resource plays a major role in the livelihood of rural people and in rural
industry. This green gold is sufficiently cheap and plentiful to meet the vast needs of
human populace from the "child's cradle to the dead man's bier". That is why sometimes
bamboo is known agpbor man's timber"

Bamboos are distinct and fascinating plants, with a wide range of values and uses.
They play a significant role in bidiversity conservation and contribute to soil and water



conservation. They are important for biomass production and play an increasing role in
local and world economies. Furthermob®mboo provides considerable environmental
benefits.Bamboo produces over 35% maogygen than trees generating a significant
increase in carbon sequestration (12 tonnes/ha/annum), which can repair and sustain our
rapidly diminishing atmosphere. Bamboos are good soil binders owing to their peculiar
clump formation and fibrous root systeand thereby play an important role in soil and
water conservation. Because the extensive rhizome system of bamboos lies primarily in
the top layers of soil, they often play a major role in stabilizing soils on slopes and river
banks, preventing erosioncitand slips.

An estimated 8.96 million ha forest area of the country contains bamboo. Bamboo
generally forms the undeatorey in the natural forests. Bamboo is not only grown in
forests but also it can be planted under agroforestry systems. In agrgfaestems
where each plant receives individual care, bamboo shows promising results. Bamboo
reaches structural maturity within three years and the mean annual increment (MAI) of
medium or large sized bamboos is as high as or higher than that of mamy faist
growing tree species. The economic impact of the bamboo based agroforestry system
considerably influences general economic development and this system is especially
important as well as significant for developing country like India. Under thieryst
because of growing of various intercrops, products are obtained even in the early stages of
plantations and the income is much higher than any other system of cropping. It is also
believed that the scope for bamboo in agroforestry in India, more spdygifin West
Bengal, is very wide because of the uncertain weather conditions and the increasing cost
of labour involved in raising agricultural crops on marginal lands rendered the later option
less attractive.

With this background and keeping in viewet following broad objectives, the

project entitl ed ADevel opment of Bamboo
Agroclimatic Zoneso has been initiated duri
OBJECTIVES

i.  To develop and standardize bambzased agroforestry system suitable fed &
laterite zone of West Bengal.

ii.  To demonstrate the scientific management practices and potential of bhagsub
agroforestry systems at farmero6s field f

iii. To evaluate production potential, economics and impact of bainheed
agrofoestry systems.

iv. ~To create awareness among the farmers about bamboo and its importance in
agroforestry system both in state as well as national level.

EXPERIMENTAL SITE

Location



The research farm where the experimental work was carried out is located at
Regobnal Research Station, Jhargram, Paschim Medinipur, West Bérgalstation is
situated at 22.5° N latitude and 87.0° E longitudes and at an elevation of 78.77 m above
mean sea level under red and laterite zone of West Bengal. Topographically, the land is
located on higher situation.

Soil characteristics

The soils of the farm where the experiments were conducted fall under red and
laterite type. The upland soils are coarse textured and strongly acidic (pH 4.58) and poor
in organic matter, availablghosphorus and potassium content. Soils are very deficient in
available plant nutrients and highly susceptible to erosion hazards.

Meteorological features of the experimental site

The details of meteorological parameters pertaining to the period of expéiim
October 2007 to December 2010 have been depicted in Table 1.

Tablel. Agro-meteorological data during experimentation (October, 2007 to
December, 2009)

Average Temperature Average Relative Total | No. of
Month (°C) Humidity (%) Rainfall | rainy
Maximum | Minimum | Maximum | Minimum | (mm) | days
YEAR 2007
October 32.0 21.0 87.3 59.6 19.8 2
Novembe| 29.0 16.4 89.9 53.3 2.4 1
Decembe| 27.5 13.1 80.5 45.6 - -
YEAR 2008
January 24.1 12.6 77.8 42.8 3.5 1
February 26.7 15.0 79.0 46.9 - -
March 37.4 22.8 83.5 50.3 35.5 5
April 38.8 26.4 85.5 51.6 48.6 8
May 39.6 27.5 86.2 52.8 102.8 11
June 36.7 26.3 88.4 58.4 258.4 14
July 32.6 25.8 90.5 56.2 462.6 15
August 32.2 25.2 91.6 60.8 498.8 18
Septembe 32.7 23.0 91.4 72.1 320.6 14
October 32.6 20.2 90.2 59.8 58.0 2
Novembe| 28.0 154 85.2 50.8 - -
Decembel 26.5 13.2 81.5 47.3 - -
YEAR 2009
January 22.0 10.5 76.0 431 | - | -




Average Temperature Average Relative Total | No. of
Month (°C) Humidity (%) Rainfall | rainy
Maximum | Minimum | Maximum | Minimum | (mm) | days
February 25.4 15.6 80.2 46.8 - -
March 35.8 23.0 82.7 50.6 - -
April 44.9 23.1 76.1 54.5 0.5 1
May 41.6 25.8 83.1 57.7 - -
June 43.4 27.9 82.1 59.4 34.0 5
July 37.5 27.4 92.6 68.3 219.5 23
August 36.9 26.1 93.2 72.2 342.0 21
Septembe 36.4 25.9 94.2 68.2 337.0 15
October 34.4 21.2 94.8 55.8 88.5 7
Novembe| 28.5 13.6 92.3 42.7 1.0 1
Decembel 28.5 11.2 93.4 36.7 - -
YEAR 2010
January 26.6 7.8 86.7 33.9 15 2
February 34.0 13.9 78.8 28.9 11.5 2
March 36.9 18.7 68.2 29.3 - -
April 37.5 19.6 69.4 34.2 - -
May 39.8 22.8 70.8 46.8 30.5 3
June 40.2 26.8 88.8 66.4 56.8 5
July 38.4 26.4 89.6 72.8 106.6 6
August 37.6 26.6 91.4 79.8 235.4 12
Septembe 36.5 25.8 924 82.4 240.5 15
October 35.6 24.6 80.6 62.4 60.8 7
Novembel 30.4 20.2 84.6 46.4 - -
Decembel 26.6 14.8 82.8 442 - -

Source: Zonal Agricultural Research Station, B.C.K.V., Jhargram, Paschim Medinipur,
West Bengal)

Climate

The climate of the experimental site is humid-tapical with short winter and
long hot summer. The crop season of this region are broadly classified as sunpneer or
kharif (March to May), rainy season or monsoorkbarif (June to October) andinter or
rabi or boro (November to February).

Temperature

In this area, the summer temperature is generally very high while during winter
temperature remains moderately low. The average maximum and minimum temperatures
were found to vary between 22.0°9Gan., 2009) to 44.9°C (April, 2009) and 7.8°C
(January, 2010) to 27.9°C (June, 2009) respectively during the whole period of
experimentation.

Relative humidity



During the period of experimentation the average maximum and minimum relative
humidity was foud to vary from 68.2% (March, 2010) to 94.8% (October, 2009) and
42.8% (January, 2008) to 76.6% (August, 2009).

Rainfall

The annual precipitation of this area generally varies between 1000 mm to 1800
mm, about 80% of which are usually precipitated durigrmtonsoon period. Even within
this short period, the rainfall may be unevenly distributed. Monsoon sometime commences
early or late and retreat before time. Even within this period there may be prolonged
breaks. As a result, partial or even total cropufat are the usual feature of the rainfed
agriculture in this region. The rainfall characteristics of the experimental site showed that
the total rainfall received during 2007 (OctobbeDecember, 2008 and 2009) was 22.2
mm (3 rainy days), 1788.8 mm (88ma days) and 1021 mm (73 rainy days) respectively.
Year 2010 was faced severe drought in West Bengal and received lowest rainfall i.e. only
50% of the average rainfall (730.6 mm in 48 rainy days).

Establishmentand Managementof Bamboo Based AgroforestrySystem
Preparation of field

Firstly, all shrubs and weeds were removed from the area (2 ha) demarcated for the
experiment. Then the field was prepared by ploughing with disk harrow. For a nice field
preparation, this operation was repeated three timésasanost of the weeds which had
emerged out were well incorporated into the soil. After the third harrowing, levelling of
the field was done for uniform distribution of irrigation water in the intercropped area.
Shallow depressions in the field in whichater can accumulate were filled up. This
activity was carried out 130 days prior to actual plantation. This allows stones to be
removed and the soil to be loosened before planting commences. The field was then ready
for planting of bamboo plants.

Preparation of experimental design and layout

The experiment was laid out in a staplit-plot design with three replications. The
same layout plan was followed in the same site during the whole period of
experimentation (Fig. 1). The gross plot size is 1200fon2L0m x 10m spacing) and 1440
m? (for 12m x 10m spacing). There are twelve (12) plots altogether in the experiment.

Procurement, collection and transportation of culm cuttings

Culm cuttings ofBambusa tuldeand Bambusa balcooavere procured from the
National Mission on Bamboo Applications (NMBA) supported existing Vegetative
Propagation Centres (VPC) network situated at Directorate of Research, BCKV, Kalyani,
Nadia, West Bengal. When the culm cuttings attain a height of 0.6 m, they were
transported to the site of plantation i.e., at the Regional Research Station (Red & Laterite
Zone), BCKV, Jhargram, Paschim Medinipur, West Bengal.

Layout and digging of pits



The layout for the plantation was made using 50 m tape and\Wgmeden pegs of
1 foot were put in the field at a spacing of 10m x 10m and 12m x 10B: totdaandB.
balcooa.Pits were dug having a dimension of 60 cm x 60 cm x 60 cm (length, width and
depth). The pits were filled up with 20 kg FYM + top soil of Hane field + 100g DAP
per pit. Chloropyriphos or Malathion (2g per pit) was also applied in each pit as an anti
termite measure.
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Fig 1: Layout plan for bamboo-based agroforestry system

Planting of bamboo plants in the field, making basins and watering



The culm cuttings oB. tuldaandB. balcooawere planted on™October, 2007.
The plantation was then nurtured with water and nutrients. Culm cuttings were placed in
the pit and covered with soil. Basins were made 50 cm around the plant and a mound of 15
cm high around the seedling. A dug well was constructed neagxiperimental plot for
providing irrigation water. Each plant was given-2® litres of water immediately after
plantation. Irrigation is usually done through can/ bucket. For the first two weeks,
watering was done at every alternate day-@lifres/plan.

Maintenance of the bamboo clumps

The maintenance of the bamboo clump involves application of irrigation water,
fertilizer application, intercultural operation, plant protection measures etc. Irrigation is
usually done through can/ bucket watering @ I&res/plant at every alternate day in the
basins which were made 50 cm around the plant and a mound of 15 cm high around the
bamboo plant. FYM @ 3 kg/clump was applied to each bamboo plant. Immediately after
fertilization, soil forking followed by mouting at the base of the bamboo clump was
done. For protection measures against inpests, 200 g chloropyriphos were also applied
to each bamboo plant. Manual weeding was done as and when required to keep the
rhizosphere zone wedtee. Pruning of the taral branches of bamboo was done to
maintain proper clump growth.

Vacancy / gap filling of bamboo plants

Since the survival percentage was 100% for thuldaand B. balcooa there
was no need for gap filling.

Sowing of the intercrops

After the bamboo plantation is well established, intercropping of the four arable
crops was undertaken during tkiearif season of 2008, 2009 and 20Rice (cv. Annada),
pigeon pea (cv. UPAS 120), bottle gourd (Busa Summer Prolific Round) and turmeric
(cv. Sugandham) were sown between the widely spaced rows of the bamboo plants.
Separate plots of sole cropping (for the intercrops) were maintain in the adjacent area. All
the intercrops were grown following the recommended package of practices under both
Bambusa tuld@ndBambusa balcoobased agroforestry system.

Detail information regarding the intercrops management practices have been
presented below:

Rice Oryza sativa

The cultivated variety was AAnnadaod hav
was 80 kg/ha. Chemical fertilizers (N: P: K) were applied @ 40: 20: 20 kg/ha respectively.
Rice was sown at a spacing of 20cm x 10cm.

Pigeon pea Cajanus cajan



The variety cultivated was AUPAS 1200
fertilizers (N: P K) were applied @ 20: 50: 20 kg/ha respectively. In addition, 2r®O
10 kg/ha was also applied. Seeds were sown at a spacing of 30cm x 15cm.

Bottle-gourd (Lagenaria sicerarig

The cultivated variety was APusa 5Summer

days. The seed rate was 3 kg/ha. FYM @ 30 t/ha was applied. A spacing of 2.5m x 1.5m
was maintained for this crop.

Turmeric (Curcuma longg

The cultivated variety was fASugandhamo
@ 2500 kg/ha was cultivated ihe field with a spacing of 30cm x 15cm. Compost @ 10
15 t/ha was applied along with chemical fertilizers (N : P : K) @ 80 : 60 : 60 kg/ha.

Fertilizer application

All the intercrops, as mentioned above, were given fertilizers as per their
recommendedoses. Also, chemical fertilizers (N: P: K) were given to the bamboo plants
@ 50: 25: 50 kg/ ha.

Intercultural operation

Thinning of the intercrop was done during the second week after sowing. Manual
weeding was done 45 days after sowing in each crop.

Experimental details

The rainfed field experiments on bamboo based agroforestry system was
conducted at Regional Research Station (Red and Laterite Zone), Bidhan Chandra Krishi
Viswavidyalaya, Jhargram, Paschim Medinipur, West Bengal, during kharif season in
2008, 2009 and 2010 with two different levels of spacing and four levels of intexizaps
rice, pigeon pea, bottle gourd and turmeric, fitted in a-splf plot design and replicated
thrice, keeping the spacing in the main plots, bamboo specid® isubplot and the
intercrops in the subub plot as:

Main plots (Spacing)

)] S; = 10m x 10m spacing
ii) S, =12m x 10m spacing
Sub-plots (Bamboo species)

) B; = Bambusa tuldd&oxb.
i) B, = Bambusa balcooRoxb.

Sub-sub-plots (Intercrops)

) C1= Rice QOryza sativa (cv. Annada)
i) C, = Pigeon peaajanus cajar) (cv. UPAS 120)
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iii)  Cg = Bottle gourd agenaria siceraria (cv. Pusa Summer Prolific Round)
iv)  C4= Turmeric Curcuma longa(cv. Sugandham)

Treatment Information

Bamboo species 2 (Bambusa tuldandBambusa balcoga
Spacing : 2 (10 x 10m = 100 clumps /ha and
12 x 10m = 84 clumps/ha)
Clumps per plot ; 12 (3 x 4; rows x columns)
Plot area : 1200 nf in 10 x 10m spacing, and

1440 nf in 12 x 10m spacing
Intercrops : Rice, Pigeon pea, Bottle gourd and Turmeric
duringkharif season of 2008, 2009 and 2010
Control : Sole intercrop (without bamboo), and

Sole bamboo species (without crop)

Replication : Three
Design : Strip-split-plot Design
Treatments combinations

a) 5. B1C

b) SB; G,

C) S, B, C3

d) SB1 Cy4

e) S, B, C;

f) SiB, G

s) SiB2 Cs

h) S B, Cy

i) $B1Cy

)i $B1C

K) S B1C3

) $B1Cy

m) $B,C

n) $ B2 G

0) SB, C3

9)) $,B,Cy

q) Control- Sole bamboo species and Sole intercrop
Methods of recording observation on bamboos

Survivals of bamboo plants, numbers of culms per clump, height of the leading
culm, length and diameter of the fifth internode of the leading culm, length and diameter



of the lowest internode of the leading culm, number of internodes of the leading @ilm an
clump diameters were recorded for both the bamboo species.

Methods of recording biometrical observation on the intercrops

Yield of arable crops grown as an intercrop in bamboo plantations was recorded
after harvest of each crop every year.

Collection and analysis of soil samples

Initial soil samples were collected at different deptias, 0-15 cm, 1530 cm and
30-60 cm before the experimentation. The collected soil samples were completely air
dried in the shade at room temperature and were gringledAmoden mortar to break the
soil aggregates and passed through a 2 mm sieve and analyzed for pH, organic carbon,
available nitrogen, phosphorus and potassium status of the soil and recorded. Soil samples
were again collected from both the intercroppkdspas well as from the control plot (sole
bamboo plantation) at the end of the second year after harvesting the different intercrops
and analysis was done as initially.

Statistical analysis

For correct interpretation of the resultdl, the data generatkin this experiment
was analyzed following the method of analysis for stppt-plot design as described by
Gomez and Gomez (1984). All main and interaction effects were tested by F test. Standard
error of mear.e. SEm (x) was also calculated for meanmparison. Critical difference
(CD at 5% level of significance) was also calculated for interaction means where the no.
of means is more than two.

Production economics of bambodased agroforestry systems

The value of the yields obtained with the diéfiet intercrops (t/ha) were calculated
on the basis of the local market prices. The cost of cultivation and gross returns were also
calculated pletvise and converted to hectare area. B: C ratio was also calculated.

OBSERVATIONS ON BAMBOO PLANTS AND INTER CROPS

For this study, all the growth parameters of bamboo as affected by year, spacing,
intercrops and its interaction with the various factors are recorded and statistically
analyzed. Also, their interaction effect on the yield of various intercropsisasecorded
and statistically analyzed. In addition, the influence of barias®d agroforestry systems
on the soil nutrient status was also statistically analyzed. The production economics has
also been discussed to give an idea of the suitabilityigfayroforestry system for this
zone.

Growth attributes of bamboo species
Average no. of culms per clump

It was observed that all the main effects and interaction effects for increasing the
no. of culms/ clump were significant due to spacing of bamboo, species of bamboo and the



intercrops and its various interaction effects (Table 2). It was also observed tha
irrespective of the bamboo species, a spacing of 10m x 10m resulted in a significant higher
mean no. of culms/ clump than a spacing of 12 x 10m. Among the two bamboo species,
the average no. of culms/ clump was observed to be significantly higher iof é&seilda

than B. balcooa irrespective of the spacing at the end of December, 2010. Under
intercropping situation, significantly higher mean values for increasing the no. of
culms/clump was observed under Pigeon pea and Bottle gourd irrespectivespactiveg

or species of bamboo than sole or other intercrops. Thus, it was observed at the end of the
second year that for maximizing the number of culms/ clump, the best treatment
combination was found to be 10 x 10m spaciagB. tuldavs.pigeon pea.

Table 2. Effect of spacing and intercropping on the average no. of culms/clump of
bamboo species at the end of December 2010

10 x 10m 12 x 10m Overall
Treatment B. B.balcoog Mean B. B. balcooa|Mean B. B Mean
tulda tulda tulda |balcooa
Sole 27.65| 11.94 |19.80|22.56 11.68 |17.1225.11] 11.81 | 18.46
bamboo

Bamboo +| 30.70| 14.98 |22.84|26.62 14.69 |20.66 28.66| 14.84 | 21.75
Rice

Bamboo +| 35.37| 15.10 |25.24{26.83] 14.98 |20.9031.10f 15.04 | 23.07
Pigeon ped

Bamboo +| 33.75| 15.06 |24.4026.71| 14.89 |20.8030.23| 14.98 | 22.60
Bottle
gourd

Bamboo +| 31.28| 15.02 |23.15/25.58| 14.82 |20.2028.43| 14.92 | 21.68
Turmeric

Mean |31.75] 14.42 |23.09/25.66] 14.21 [19.9428.71 14.32 |21.51

Spacing| Bamboo A X B x
A X B |Intercrop(C)| AxC BxC
@ | B P(C) c

SEm(z) | 0.1292| 0.1333 | 0.1667| 0.1336 0.1890 | 0.1890| 0.2673

CD  |0.7861* 0.8111* |1.0143* 0.3848* |0.5444**|0.5444%*0.7699**
(P=0.05)

Average height (m)of the leading culm

All the main effects and interaction effects for the height growth of the two
bamboos were significant due to spacing of bamboo, species of bamboo and the intercrops
except for spacings. intercrop interaction effects (Table 3) during December, 2010. A
gpacing of 10x10m resulted in significantly higher mean height than 12x10m irrespective
of the two bamboo species. AlsB, tulda showedsignificantly higher mean for the
average height of the leading culm tH&anbalcooajrrespective of the two spacing.hile
in B. tuldg 10x10m showed better height growth than 12x10m spacing, the reverse was
observed foB. balcooa Among the four intercrops taken, pigeon pea intercropped with
bamboo showed significantly higher mean height of the leading cuBntafdawith 10 x
10m while it was 12x10m spacing fd8. balcooa Overall, pigeon pea showed



significantly higher mean for increasing the height followed by bottle gourd and turmeric
whereas the least was observed for rice, irrespective of the spacing or speamabao.

Table 3. Effect of spacing and intercropping on the average height of the leading
culm of bamboo species at the end of December 2010

10m x 10m 12m x 10m Overall
Treatment
B. tulda B.balcoo Mean B. | B.balco Mean B. B.balcood Mean
a tulda oa tulda

Sole bambo¢ 10.33 | 7.61 |8.97|10.33] 7.93 | 9.13|10.33 7.77 | 9.05
Bamboo + 10.52 | 8.63 |9.57|10.36| 9.15 | 9.75|10.44 8.89 | 9.66
Rice
Bamboo + 10.87 | 8.96 |9.91|10.75/ 9.33 |10.04/10.81] 9.15 | 9.98
Pigeon pea
Bamboo + 10.75| 8.84 |9.79|10.53| 9.29 | 9.91|10.64 9.06 | 9.85
Bottle gourd

Bamboo + 10.57 8.65 |9.61|1042| 9.18 | 9.80|10.50 8.91 9.70
Turmeric

Mean 10.61| 854 |957|10.48 8.98 | 9.73|10.54 8.76 | 9.65

Spacing | Bamboo | Ax B |Intercrop|AXC| BxC |AxBxC

(A) (B) (©)
SEm() 0.0205 | 0.0062 |0.0270 0.0174 [0.0246 0.0246 | 0.0347
CD(P=0.05)| 0.1247* | 0.0377** |0.1643 0.0501**| NS [0.0709 | 0.0999**

*%

NS Non significant
Averagelength (cm) of the 8" internode

From the data presented in table 4 revealed that all the main effects due to spacing
of bamboo, species of bamboo and the intercrops were significant while all the interaction
effects for increasing the length of the fifth internode were insignificanheatehd of
December, 2010. A spacing of 12 x 10m resulted in a significant higher mean length of the
fifth internode than a spacing of 10 x 10m irrespective of the bamboo species. Of the two
bamboo specied. tuldaresulted in significantly higher mean ftre average length of
the fifth internode tham. balcooairrespective of the spacing. Out of the four intercrops,
pigeon pea resulted in a significantly higher mean length of the fifth internode than sole or
other intercrops. The best treatment combamafor maximising the average length of the
fifth internode was found to be 12m x 10m spaciagB. tulda vspigeon pea.

Table 4. Effect of spacing and intercropping on the average length (cm) of th&'5
internode of the leading culm of bamboo species ¢ghe end of December,

2010
10 x 10m 12 x 10m Overall
Treatment | g, B. B. B. B.
tulda | balcooa Mean tulda B.balcoog Mean tulda | balcooa Mean




Sole bamboo| 41.98| 21.49 |31.74 42.29| 21.55 [31.92| 42.14| 21.52 |31.83

Bamboo + 44 .41 23.86 [34.14 44.74| 23.98 |34.36| 44.58| 23.92 |34.25
Rice

Bamboo + |45.26| 24.51 |34.86 45.93| 24.63 |35.28| 45.60| 24.57 |35.08
Pigeon pea

Bamboo + |44.55| 23.98 |34.27 44.71| 24.18 |34.44| 44.63| 24.08 |34.36
Bottle gourd

Bamboo + 44.49| 23.78 |34.13 44.72| 23.89 |34.30| 44.60| 23.83 |34.22
Turmeric

Mean 44.14| 23.53 |33.83 44.48| 23.65 |34.06| 44.31| 23.59 |33.95

Spacing | Bamboo | AxB| Intercrop |[AXC| BxC |AxBxC

(A) (B) (©)
SEm(x) 0.0283 | 0.1554 |0.0526 0.0576 [0.0815 0.0815 | 0.1153
CD 0.1722* | 0.9455** | NS | 0.1659** | NS | NS NS

(P=0.05)

NST Non significant
Average diameter (cm) of the B internode

It was revealed thatllathe main effects and interaction effeesthe end of the
second year of the experimefor the diameter growth of the fifth internode of the two
bamboos were found to be significant due to spacing of bamboo, species of bamboo and
the intercrops except for spacing. bamboo, spacings. intercrop and the three factor
interaction effectsTable 5. Irrespective of the two species of bamboo, a spacing of 10x
10m resulted in a significantly higher mean diameter of the fifth internode of the leading
culm than 12 x 10nmHowever, unlike the first year, it was also observed at the end of the
secondyear thatB. balcooaresulted in a significantly higher mean for increasing the
growth of the fifth diameter thaB. tulda. Among the four intercrops taken, intercropping
of bamboo with eon peahowed significantly highetiameter of the fifth internaaof
the leading culnthan the other intercrop and the sole bamboo followed by Bottle gourd.
Intercropping with Turmeric and Rigevhich are homogeneouslso showed better results
than the sole bamboo plantation.

Table 5. Effect of spacing and intercroping on the average diameter (cm) of the
5" internode of the leading culm of bamboo species at the end of

December 2010
10 x 10m 12 x 10m Overall
Treatment B B B B B B

Mean Mean Mean

tulda | balcooa tulda | balcooa tulda | balcooa

Sole bamboq 4.31 | 456 | 444 | 426 | 447 | 437|429 | 452 | 440

Bamboo + 441 | 5.12 476 | 4.31| 5.09 470 | 436| 5.10 473
Rice




Bamboo+ | 4.62| 517 | 490 | 451 | 513 | 482 | 457 | 515 | 4.86
Pigeon pea

Bamboo+ | 451 | 523 | 487 | 446 | 518 | 482 | 449 | 520 | 484
Bottle gourd

Bamboo + 446 | 5.11 478 | 4.36| 5.03 470 | 441 | 5.07 474
Turmeric

Mean 446 | 5.04 | 475|438| 498 | 468 | 442 | 501 | 4.71

Spacing| Bamboo | AxB Intercrop |[AXC| BxC |[AxBxC

(A) (B) (©)
SEm(+) 0.0057 | 0.0087 | 0.0047 | 0.0190 |0.0269 0.0269| 0.0380
CD 0.0347 | 0.0529 NS 0.0547" NS [0.0775| NS

(P=0.05)

NST Non significant
Average length (cm) of the lowest internode

At the end of December, 2010 it was observed that all the main effects and
interaction effects are significant at 5% level of significance (Table 6). It was observed
that a spacing of 12x10m resulted in a significantly higher mean length of the lowest
internode than a spacing of 10x10m. Of the two bamboo sp&i@sidawas observed to
have significantly higher mean length of the lowest internode Bhdralcooairrespective
of the spacing. Intercropping of pigeon pea in the bamboo plantation resulted in a
significant higher mean length of the lowest internode than sole or other intercrops,
followed by turmeric intercropped with bamboo. Sole bamboo plantati@spective of
the species and spacing showed the least mean length of the lowest internode. Thus, the
best treatment combination for maximising the average length of the lowest internode was
found with 12x10 m spacings. B. tulda vspigeon pea.

Table 6.Effect of spacing and intercropping on the average length (cm) of the lowest
internode of the leading culm of bamboo species at the end of December,
2010

10 x10m 12x10m Overall
Treatment | p, B. |y B. B. |y B. B.
tulda | balcooa ean tulda | balcooa ean tulda | balcooa

Mean

Sole bamboo | 31.62] 15.39 |23.51| 31.29| 15.39 |23.33| 31.46| 15.39 |23.42

Bamboo + 31.98| 18.73 |25.36|/31.41| 19.52 |25.46| 31.69| 19.12 |25.41
Rice

Bamboo + 34.92| 18.87 |26.90| 34.77| 20.14 |27.46| 34.85| 19.51 |27.18
Pigeon pea

Bamboo + 31.89| 18.77 |25.33|31.73| 20.09 |25.91|31.81| 19.43 |25.62
Bottle gourd




Bamboo + |33.78| 18.71 |26.25|33.56| 19.49 |26.53|33.67| 19.10 |26.39
Turmeric
Mean 32.84| 18.04 |25.47|32.55| 18.93 |25.74|32.70| 18.51 |25.60
Sp(aAciing Ba(ln;l):)oo AxB Inte(g)rop AxC | BxC AXCBX
SEm(+) 0.0267 | 0.0567 | 0.0350| 0.0277 |0.0392 0.0392| 0.0555
CD (P=0.05)| 0.1625 | 0.3450° |0.2130°| 0.0798 |0.1129|0.1129 | 0.1599

Averagediameter (cm) of the lowest internode

Experimental revealed that all the main effects and interaction effects for
increasing the lowest internode diameter were significant due to spacing of bamboo,
species of bamboo and the intercrops and its various interaction effects (Table 7). It was
obseved that irrespective of the bamboo species, a spacing of 10x10m resulted in a
significant higher mean diameter of the lowest internode than a spacing of 12x10m.
However, of the two bamboo species, the average diameter of the lowest internode was
observedsignificantly higher foB. balcooacompared tdB. tulda irrespective of the two
spacing. Under intercropping condition, bamboo + pigeon pea and bamboo + bottle gourd
were found homogeneous statistically, but resulted in a significantly higher diamtter of
lowest internode than sole or other intercrops.

Table 7. Effect of spacing and intercropping on the average diameter (cm) of the
lowest internode of the leading culm of bamboo species at the end of
December, 2010

Treatment 10 x 10m 12 x 10m Overall
B. B. Mean |B. B. Mean |B. B. Mean
tulda |balcooa tulda |balcooa tulda |balcooa
Sole bamboo | 5.13| 594 | 553 | 4.81 486 | 484| 497| 540 | 5.19
Bamboo + 5.20| 6.31 | 5.75| 5.09 568 | 538|514 599 | 557
Rice
Bamboo + 548 | 6.38 | 5.93| 5.37 593 | 565|543| 6.16 | 5.79
Pigeon pea
Bamboo + 5.39| 6.47 | 593 | 5.28 6.03 | 566| 5.34| 6.25 | 5.79
Bottle gourd
Bamboo + 524| 6.29 | 577 |5.14| 584 |549|519| 6.06 | 5.63
Turmeric
Mean 529| 6.28 | 578|5.14| 567 |540| 5.21| 597 | 5.59




Spacing | Bamboo | AxB | Intercrop | AXC | BXC | AxBx

(A) (B) ©) C
SEm(+) 0.0186 | 0.0124 |0.0291] 0.0221 | 0.0312| 0.0312| 0.0441
CD 0.1132" | 0.0754" |0.1771| 0.0637 |0.0899 [0.0899 | 0.1270"

(P=0.05)

Average ro. of internodes of the leading culm

At the end of December, 2010, it was observed that all the main effects and
interaction effects for the average no. of internodes are significant at 5% level of
significance except for the interaction effect of spaaiagntercrop and the three factor
interaction effects. It was observed that, Boitulda a spacing of 10m x 10m resulted in a
higher mean for average no. of internodes (Table 8). The reverse was obsered for
balcooa However, irrespective of the bamboo species, a spacing of 12x10eddsu
higher average no. of internodes. Overall, of the two bamboo sp8&ciéslcooawas
observed to have significantly higher mean value for the average no. of internodBs than
tulda as far as increasing the average no. of internode is concernedf Ghe four
intercrops, bamboo intercropped with pigeon pea resulted in a significantly higher average
no. of internodes than the other intercrops. Sole bamboo plantation, irrespective of the
species and spacing, showed the least mean value with resfpectease in the average
no. of the internodes.

Table 8. Effect of spacing and intercropping on the average no. of internodes of the
leading culm of bamboo species at the end of December, 2010

10x10m 12x10m Overall
Treatment | p, B. B. B. B. B.
tulda | balcooa Mean tulda | balcooa Mean tulda | balcooa

Mean

Sole bamboo | 23.04| 28.95 | 26.00| 22.55| 29.73 |26.14|22.80| 29.34 |26.07

Bamboo + 25.57| 32.09 |28.83| 25.07| 32.42 |28.75|25.32| 32.26 [28.79
Rice

Bamboo + 28.48| 32.33 |30.41| 27.41| 35.42 [31.42|27.95| 33.87 |30.91
Pigeon pea

Bamboo + 27.31| 32.26 |29.79|26.90| 33.67 [30.29|27.11| 32.97 |30.04
Bottle gourd

Bamboo + 26.10| 32.18 |29.14| 25.34| 33.45 |29.40| 25.72| 32.82 |29.27
Turmeric

Mean 26.10| 31.56 |28.83| 25.46| 32.94 |29.20| 25.78| 32.25 |29.01

Spacing | Bamboo Intercrop A X B x
AxB AxC| BxC
(A) (B) (©) C

SEm(z) 0.0434 0.1080 | 0.0684| 0.1332 |0.1883 0.1883| 0.2663

CD (P=0.05) 0.2641 | 0.6571 |0.4162" | 0.3837 | NS |0.5424 |0.7670'




NST Non significant
Average dump diameter (m)

It was observed that all the main effects and interaction effects are significant at
5% level of significance except for the interaction effect of spaesfamboo, spacing
vs. intercrop and the three factor interaction effects (Table 9). It was obst#rata
spacing of 10x10m, irrespective of the the bamboo species, resulted in a significantly
higher clump diameter than a spacing of 12x10m. Of the two bamboo species, it was
observed thaB. tuldaresulted in a significantly higher clump diameter tigarbalcooa
Intercropping of bamboo plantation with pigeon pea resulted in a significantly higher
clump diameter than the other intercrops or sole bamboo plantation, followed by
intercropping of bamboo with bottle gourd and turmeric whereas the least s@veaxb
with rice, irrespective of the spacing and bamboo species. Sole bamboo plantation,
irrespective of the species and spacing, was again observed to have the least mean value
with respect to increase in the average clump diameter. The best treatmbimatmn for
maximising the average clump diameter was thus found with 10x10m spaciBgtulda
VS.pigeon pea.
Table 9. Effect of spacing and intercropping on the average clump diameter (m) of

bamboo species at the end of December, 2010

10x10m 12x10m Overall

Treatment | p, B. B. B. B. B.
tulda | balcooa Mean tulda | balcooa Mean tulda | balcooa

Sole bamboo | 0.61| 052 | 0.57| 0.56| 048 | 0.52| 0.53| 0.50 | 0.54

Mean

Eﬁ:”e‘boc” 087| 064 | 075| 079| 058 | 068| 083| 061 | 0.72
Bamboo + 1.05| 081 | 093|098 077 | 088|1.02| 079 |0.90
Pigeon pea
Bamboo +

097| 076 [ 087|091| 0.71 | 0.81|094| 0.74 | 0.84
Bottle gourd

Bambo_o+ 091| 0.68 | 0.80| 0.85 0.63 0.74| 0.88 0.66 | 0.77
Turmeric

Mean 0.88| 068 | 0.78| 0.82| 0.63 | 0.73| 0.85| 0.66 | 0.75

Spacing | Bamboo Intercrop
AxB AxC| BxC |AxBxC
(A) (B) (C)
SEm(z) 0.0029 0.0036 |0.0071 0.0067 |0.010¢ 0.0100| 0.0142
CD (P=0.05)| 0.0176 | 0.0219 | NS | 0.0408 | NS |0.0288"| NS

NST Non significant

Yield of different intercrops



The vyield of all the four intercropsvig., rice, pigeon pea, bottle gourd and
turmeric) which were grown under two bamboo species with two different spacing during
thekharif season of 2008, 2009 and 2010 were recorded as tabulated in table 10 to 13. The
yield data of the four intercrops obtathewere statistically analyzed for correct
interpretation.The yield of the intercrops as affected by all the main and interactions
effectsduring thekharif season of 2008, 2009 and 2CGi@ discussed below:

Yield of rice

The pooled analysis over two years for the yield of rice showed that all the main
and interaction effects were naignificant (for factors like treatment, yees. spacing,
yearvs.treatment and the three factor interaction effects) except for fadtergdar and
spacing which are significant at 5% level of significai€able 10) Like the first and
second year of the experimentation, the pooled result showed that the yield of rice,
irrespective of the bamboo species, was higher under wider spacin@Oip as
compared with the closer spacing (10x10m). Also, the pooled result revealed that,
irrespective of the spacing, higher rice yield were obtained when rice was intercropped
with B. balcooa Furthermore, it was observed during the period of experatientthat
intercropping of rice with bamboo significantly reduces the rice yield. Nevertheless, it was
observed from the pooled result that for obtaining maximum rice yield under intercropping
situation, the best treatment combination was 12xt€B. bdcooa

Table 10. Effect of years and two species of bamboo with two different spacing on
the yield of rice (t/ha) during three years of study

Spacing | Treatment code |Kharif 2008 Kharif 2009 Kharif 2010 Pooled
Sole Rice 1.95 2.01 2.00 1.98
0 MEAN 1.95 2.01 2.00 1.98
10 x10 m |Bambusa tulda 1.80 1.90 1.88 1.85
10 x10 m |Bambusa balcooa 1.85 1.88 1.86 1.87
1 MEAN 1.82 1.89 1.87 186 Q
12x10 m (Bambusa tulda 1.88 1.92 1.90 1.90
12 x10 m |Bambusa balcooa 1.90 1.95 1.94 1.92
2 MEAN 1.89 1.93 1.92 191P
Overall |Sole Rice 1.95a 20la 2.00 a 1.98 A
Overall |Bambusa tulda 1.84Db 191b 1.89b 1.87B
Overall |Bambusa balcooa| 1.87b 191b 190D 1.89B
Grand |MEAN 1.88 1.93 1.93 1.90




Wher e, the alphabets a, b, C
compare the main effects of
where a > b > c significantly.

asigndicanceste d a s
t wo bamboo spc¢

Similarly, p and q are used to compare the

A, B, C, P and Q have similar meaning as menticateal’e but are only for pooled mean
comparison.

Yield of pigeon pea

The pooled analysis over two years for the yield of pigeon pea showed that all the
main effects were significant at 5% level of significance while all the interaction effects
were nonsignficant (Table 11) Like the first and second year of the experimentation, the
pooled result showed that the yield of pigeon pea, irrespective of the bamboo species, was
higher under wider spacing (12x10m) than closer spacing (10x10m). Also, the pooled
reailt revealed that, irrespective of the spacing, higher pigeon pea yield were obtained
when pigeon pea was intercropped wBthbalcooa Furthermore, it was observed during
the period of experimentation that intercropping of pigeon pea with bamboo sigthfica
reduces the pigeon pea yield. Nevertheless, it was observed from the pooled result that for
obtaining maximum pigeon pea yield under intercropping situation, the best treatment
combination was 12m x 10ws.B. balcooa

Table 11. Effect of years andwo species of bamboo with two different spacing on
the yield of pigeon pea (t/ha) during three years of study

Spacing | Treatment code I;f;;)rg Kharif 2009 thoalrg‘ Pooled

Sole Pigeon pea 2.20 2.25 2.22 2.22

0 MEAN 2.20 2.25 2.22 2.22

10 x10 m [Bambusa tulda 1.92 1.96 1.94 1.94

10x10 m |Bambusa balcoo 1.98 2.01 2.00 1.99
1 MEAN 195¢q 1.99¢ 1.97 1.97Q

12 x 10 m |Bambusa tulda 2.10 2.15 2.10 2.12

12 x 10 m |Bambusa balcoo 2.17 2.22 2.20 2.20
2 MEAN 214 p 2.19p 2.15 2.16 P
Overall |SolePigeon pea 2.20a 2.25a 2.22 2.22 A
Overall |[Bambusa tulda 201c 2.06c 2.02 203C
Overall |Bambusa balcoo] 2.08 b 2.12b 2.10 2.10B

Grand |[MEAN 2.07 2.12 2.11 2.10

Yield of bottle gourd




The pooled analysis over two years for the yield of bottle gourd showed that all the
main effects and interaction effects were significant at 5% level of significance except for
treatment, yeaws. spacing and the three factor interaction effects weresignificant
(Table 12) Like the first and second year of the experimentation, the pooled result showed
that the yield of bottle gourd, when intercropped vBthtuldg were higher under wider
spacing (12 x 10m) while it was the reverse when intercropjiacBrbalcooa However,
the mean of the two spacing revealed that the yield of bottle gourd was higher with 12m x
10m spacing. The pooled result revealed that, irrespective of the spacing, the yield of
bottle gourd was higher when intercropped vBthbakooa Furthermore, it was observed
during the period of experimentation that intercropping of bottle gourd with bamboo
significantly reduces the yield of bottle gourd. Nevertheless, it was observed from the
pooled result that for obtaining maximum botttugd yield under intercropping situation,
the best treatment combination was 12 x 33nB. balcooa

Table 12. Effect of years and two species of bamboo with two different spacing on
the yield of bottle gourd (t/ha) during three years of study

Spacing | Treatment code | Kharif 2008 | Kharif 2009| Kharif 2010| Pooled

Sole Bottle gourd 11.50 12.50 12.20 12.00

0 MEAN 11.50 12.50 12.20 12.00

10 x 10 m |Bambusa tulda 10.00 11.42 11.36 10.71

10 x 10 m |Bambusa balcooa 11.15 11.25 11.16 11.20
1 MEAN 10.57 q 11.33 11.26 10.95Q

12 x 10 m |Bambusa tulda 11.01 11.56 11.44 11.29

12 x 10 m |Bambusa balcooa 11.11 11.22 11.18 11.17
2 MEAN 11.06p 11.39 11.31 11.23 P
Overall |Sole Bottle gourd 11.50 a 12.50 a 12.20 12.00 A
Overall |Bambusa tulda 1051 b 11.49Db 1.40 11.00 B
Overall |Bambusa balcooa| 11.13 ab 11.24 b 11.17 11.18B

Grand |MEAN 10.95 11.59 11.59 11.27

Yield of turmeric

Pooled analysis over two years for the yield of turmeric showed that all the main
effects were significant at 5% level of significance except for treatment éfiaiote 13)
However, all the interaction effects were mgignificant except for yeavs. spaing
interaction effect. Like the first and second year of experimentation, the pooled result
showed that the yield of turmeric when intercropped with bamboo, irrespective of the



species, was higher under wider spacing (12x10m) for both the speciestha&lsaeld,
irrespective of the spacing, was higher when intercropped Buitbalcooa Maximum

yield was obtained under sole turmeric cultivation. Pooled result showed that, irrespective
of the spacing, the yield of turmeric was higher when intercroppddBvibalcooa The

mean of the two spacing, irrespective of the species of bamboo, revealed higher yield of
turmeric with 12x10m spacing. Furthermore, it was observed during the period of
experimentation that intercropping of turmeric with bamboo signifigaaduces its yield.

It was thus observed from the pooled result that for obtaining maximum turmeric yield
under intercropping situation, the best treatment combination was 12sslBimbalcooa

Table 13. Effect of years and two species of bamboo wittvé different spacing on the
yield of turmeric (t/ha) during three years of study

Spacing | Treatment code |Kharif 2008 Kharif 2009 Kharif 2010, Pooled

Sole Turmeric 25.05 15.32 15.40 20.19

0 MEAN 25.05 15.32 15.40 20.19

10 x10 m |Bambusa tulda 21.90 14.66 14.80 18.28

10 x10 m |Bambusa balcoo| 22.16 14.88 14.96 18.52
1 MEAN 22.03 q 14.77 q 14.88 18.40 Q

12 x10 m |Bambusa tulda 24.00 15.01 15.26 19.51

12 x10 m |Bambusa balcoo| 24.52 15.22 15.44 19.87
2 MEAN 24.26 p 15.12 p 15.35 19.69 P
Overall |SoleTurmeric 25.05a 15.32 a 15.40 20.19 A
Overall [Bambusa tulda 22.95b 14.84 b 15.03 18.90B
Overall Bambusa balcoo|, 23.34b 15.05b 15.20 19.20B

Grand |MEAN 23.53 15.02 15.21 19.27

Soil fertility status under bamboo-based agroforestry system (afterthree years of
cropping)

Soil samples were collected at the end of two years of the experimentation at three
different depthwiz.,0-15 cm, 1530 cm and 3@&0 cm under two different bamboo species
after the intercrops had been harvested and analyzedHfoorganic carbon, available
nitrogen, phosphorus and potassium status. The results obtained were statistically analyzed
and presented in table 14 to I®e various soil parameters of different depth as affected
by the main effects and the interactionfeeff at the end of the third year of the study are
discussed below:

Soil pH

The pooled analysis for the soil pH of the different soil depth revealed that all the
main effects due to factors likeepth, species of bamboo (as two species of bamboo and
without bamboo) and the intercrops (as four intercrops along with no inteesrd@ll the
interaction effects were significant at 5% level except for bamisomtercrop and the



three factor interaction effect (Table 14). From the overall result, itakasrved that
bamboo have a significant effect in increasing the soil pH though the two bamboo species
were statistically at par. Wwas also observed that all the intercrops (i.e., rice, turmeric,
pigeon pea and bottle gourd) when intercropped with redh¢he bamboo species were
statistically at par but resulted in a significant higher soil pH than that of the sole bamboo
cultivation. Sole bamboo cultivation, however, resulted in significantly higher soil pH as
compared to the without bamboo cultivatiorhe two factors (bambows. intercrop)
interaction effect was found insignificant. However, bamieanitial interaction effects

was found significant. Thus, the desirable treatment combination would be any intercrop
with either of the bamboo speci@<. eitherB. tuldaor B. balcooa. The choice of the
intercrop can, however be easily established from the interaction mean maloethe

study it was observed that, as the depth of the soil increases, the soil pH increased
significantly.

Soil organic carbon

The pooled data dfoil organic carbomt different soil depth revealed that all the
main effects due to factors likeepth, species of bamboo (as two species of bamboo and
without bamboo) and the intercrops (as four intercrops along with rreriopgand all the
interaction effects were significant at 5% level except for banwsomtercrop and the
three factor interaction effect significance (Table 15). From the pooled analysis, it was
observed that bamboo have a significantly higher mearevigu improving the soill
organic carbon compared to the without bamboo (initial) cultivation. Though both the
bamboo species were statistically homogeneous, both the bamboo species showed higher
mean value compared to the without bamboo cultivation. Filemstudy it was also
observed that all the intercrops were statistically at par with each other as well as along
with the sole bamboo cultivation. However, all the intercrops and the sole bamboo have
significant higher mean for improving the soil organarbmn compared to the initial
value. The two factor (bambogs. intercrop) interaction effect was found insignificant.
However, Bamboovs. Initial interaction effects was observed significafihough the
choice of the intercrop can be easily establishedhfthe interaction mean values, the
desirable treatment combination would be any intercrop with either of the two bamboo
species. From the study it was observed that, as the depth of the soil increases, the soil
organic carbon decreases significantly.

Soil available N

It was revealed from pooled data on soil available nitrogen at different soil depth
revealed that all the main effects and the interaction effects due to factors like depth,
species of bamboo (as two species of bamboo and without bamboajetbps (as four
intercrops along with no intercrop) was significant at 1% level of significArelele 16)

From the pooled analysis, it was observed that the available N dBe twda was
significantly higher compared #. balcooaas main crop and without bamboo cultivation.



B. balcooaalso resulted significantly higher in available N than without bamboo
cultivation. It was also observed that out of the four intercrops, pigeon pea showed
significantly higher available N compared tioe other intercrops. Bottle gourd again
resulted in higher mean available N than rice and rice yielded higher available N than
turmeric. The sole bamboo cultivation resulted in significantly the least mean for available
N compared to the intercroppingtugtion. The two factor (bambows. intercrop)
interaction effect was also found significant. Furthermore, bamomitial interaction
effects was also observed significant. Thus, the desirable treatment combination would be
any intercrop wittB. tulda The choice of the intercrop can, however, be easily established
from the interaction mean valuErom the study it was observed that, as the depth of the
soil increases, the available N decreases significantly.

Soil available P

The pooled analysis for davailable P of the different soil depth revealed that all
the main effect due to the depth, species of bamboo (as two species of bamboo and
without bamboo) and intercrops (as four intercrops along with no intercrop) and all the
interaction effects weragnificant at 1% level of significance (Table 17). From the pooled
result, it was observed that out of the two bamboo speBiesjlda have significantly
higher mean for available P thBn balcooaas main crop and without bamboo cultivation.
B. balcooawas also observed to result in significantly higher mean for available P than
without bamboo cultivation. Of the four intercrops, pigeon pea resulted in significantly
higher mean for available P than all the other intercrops, followed by bottle gourd which
resulted in higher mean for available P than turmeric while turmeric yielded higher mean
for available P than rice. Sole bamboo cultivation, however, resulted in significantly the
least mean for available P compared to the intercropping condition. Itlseaslzserved
that the two factor (bambogs. intercrop) interaction effect was significant at 1% level.
Furthermore, Bmboovs.initial interaction effects was also observed significahus, the
desirable treatment combination would be any intercrop Rittulda The choice of the
intercrop can be easily ascertained from the interaction mean values. From the study it was
observed that as the depth of the soil increases, the soil available P decreases significantly.

Soil available K

It was revealed fromgwmled analysis of sodvailable Kfor different soil depth that
the main effect due to the depth, species of bamboo (as two species of bamboo and
without bamboo) and the intercrops (as four intercrops along with no intercrop) and all the
interaction effets were significant at 1% level of significance (Table 18). Of the two
bamboo speciesd. tuldaresulted in significantly higher mean for available K tHan
balcooaas main crop and without bamboo cultivati@.balcooawas also observed to
result in sigificantly higher available Kthan without bamboo cultivation. From the
pooled result of the four intercrops, it was also observed that pigeon pea resulted in
significantly higher mean for available K as compared with the other intercrops. It was
also obseved that ice resulted in higher mean for available K than bottle gourd while
bottle gourd yielded higher mean than turmeric. Sole bamboo cultivation, however,
resulted in significantly the least mean for available K as compared with the intercropping



condition. The two factor (Bambows. Intercrop) interaction effect was also observed
significant at 1% level. In addition, bambogs. initial interaction effects was also
significant. Thus, the desirable treatment combination would be any intercroBwith
tulda. The choice of the intercrop can, however be easily ascertained from the interaction
mean value From the study it was observed that, as the depth of the soil increases, the
available K decreases significantly.

Economics of the different bamboebasedagroforestry systems

The economic analysis of bambbased agroforestry systems at the end of
December, 2010 are tabulated (Table 19) and discussed below. It may be mentioned that
since the bamboo were not at harvestable age even at the end of the dhiod e
experimentation, the economics of the different bardtmsed agroforestry systems were
calculated by estimating the culm yield of bamboo under different agroforestry systems.

The B:C ratio was calculated by estimating the bamboo culm vyield (no. of
culms/ha) for the different bambdmased agroforestry systems, although the bamboo
culms were still not at harvestable age. Estimate of bamboo culm yield was done by
assuming 3640% of the otal culms/ clump as harvestable and the return from the

bamboo was calculated as per the prevailing market piiiees40/culm forB. tuldaand

'60/culm for B. balcooarespectively). Employing this estimation, it was thus observed

that, the B:C ratioanges from 0.238 balcooas,xiot rice) to 2.28 B. tulda;ox10+ bottle

gourd) under the different agroforestry system while the B:C ranges from 0.18 (sole rice)
to 4.78 (sole bottle gourd) under the sole intercrops. The B:C ratio foBstlddawas

0.63 (12 x10m) and 0.72 (10x 10m) while it was 0.18 (12x10m) and 0.36 (10x10Bn) for
balcooa The highest B:C ratio (2.28) was obtained wBhtuldaiox10 + bottle gourd,
closely followed byB. tulda;,x10+ bottle gourd (2.13) anB. balcooaox10+ bottle gourd

(2.04). The next based agroforestry system was bamboo + pigeon pea which not only
provide good return per unit area but also improve the soil health.

Table 19. Economics of different bambodoased agroforestry system at the end of

December 200
Systems of cropping Total cost | Total return |[Net return |B: C ratio
B. tuldaiox10t Rice 39,220.00 59,000.00 |19,780.00 0.50
B. tuldas2x10+ Rice 39,220.00 51,200.00 |11,980.00 0.31
B. tuldasox10+ Pigeon pea 39,020.00 | 1,18,400.00 |79,380.00 2.03
B. tuldaizx10+ Pigeon pea 39,020.00 | 1,18,000.00 | 78980.00 2.02
B. tuldasox10+ Bottle gourd 39,420.00 | 1,29,360.00 |89,940.00 2.28
B. tuldas 2«10+ Bottle gourd 39,420.00 | 1,23,480.00 |84,060.00 2.13
B. tuldajox10+ Turmeric 41,420.00 70,320.00 [28,900.00 0.70
B. tuldas2x10+ Turmeric 41,420.00 62,520.00 (21,100.00 0.51
B. balcooaoxiot Rice 39,220.00 48,800.00 | 9,580.00 0.24
B. balcooasxi0t Rice 39,220.00 48,300.00 | 9,080.00 0.23




B. balcooaox10+ Pigeon pea 39,020.00 | 1,10,400.00 |71,380.00 1.83
B. balcooaj,x10+ Pigeon pea | 39,020.00 | 1,16,800.00 |77,780.00 1.99
B. balcooaypx10+ Bottle gourd | 39,420.00 | 1,20,000.00 |80,580.00 2.04
B. balcooas,xi0+ Bottle gourd |  39,420.00 | 1,17,760.00 |78,340.00 1.99
B. balcooaoxio+ Turmeric 41,420.00 59,760.00 |18,340.00 0.44
B. balcooa;xio+ Turmeric 41,420.00 59,240.00 |17,820.00 0.43
SoleB. tuldaioxio 22,120.00 38,000.00 |15,880.00 0.72
SoleB. tulda;zxio 22,120.00 36,000.00 |13,880.00 0.63
SoleB. balcooagx10 22,120.00 30,000.00 | 7,880.00 0.36
SoleB. balcooa 2«10 22,120.00 26,000.00 | 3,880.00 0.18
Sole Rice 17,100.00 20,100.00 | 3,000.00 0.18
Sole Pigeon pea 16,900.00 90,000.00 |73,100.00 4.33
Sole Bottle gourd 17,300.00 | 1,00,000.00 |82,700.00 4.78
Sole Turmeric 19,300.00 30,640.00 |11,340.00 0.59

CONCLUSION

Development and standardization of bambaged agroforestry system suitable
for red & laterite zone of West Bengal involving two bamboo speBambusa tuldand
Bambusa balcogaand agricultural crops like paddy (upland), pigeon [bedtle gourd
and turmeric has immense potentiality of providing livelihood security to the poor farmers
of western part of West Bengal through self employment and higher income. There is still
a substantial need to promote bamibased agroforestry systeras well as utilization of
bamboos to the extent possible in wasteland particularly in economic backward district

West Midnapore, Bankura and Purulia.
SALIENT FINDINGS OF THE PROJECT

1. In terms of growth performanc&ambusa tuldgerformed better thaBambisa

balcooairrespective of any planting geometry.

2. Survival and growth performance of culm cuttings of both the bamboo species was

better than rhizome cutting.

3. Bamboo spacing 10m x 10m is suitable for both the species under agroforestry

model.

4. Among differet intercrops, both pigeon pea and bottle gourd gave higher return

under bamboo based agroforestry system.

5. The yield of turmeric (shade loving crop) increased as the age of the bamboo

plantation increases.

6. Pigeon pea intercropping helped to improve thelssalth.




7. Mulching with water hyacinth /paddy straw at the initial stage of bamboo
plantation helped to conserve moisture at the rhizosphere zone.

8. As regards to economic analydgamboo tulda+ pigeon pea anBamboo tuldat+
bottle gourd with 10m x 10nspacing gave higher system productivity and
livelihood security.

BAMBOO BASED AGROFORESTRY SYSTEM I N THE FAF

Five farmers of village Banstala under Jhargram block of Paschim Medinipur
district had planted bamboo on the bunds around their atdtivland. Two of them
plantedBambusa vulgariand the others plantd@ambusa balcooalong the field bunds.
Many farmers of the nearby area have already shown their interest for planting bamboo
during monsoon season. Recently, we have supplied culmgzutifB.balcooa(200 nos.)
to the farmers for planting in their own farm land. Furthermore, we have been providing
the technological knovinow for successful development of bamimased agroforestry
system in red and laterite zone of West Bengal. The impadhe bambodased
agroforestry system is expected to influence the general economic development of the
farmer and the income will be much higher than other popular system of cropping in a
particular area.

Table: Growth performance of bamboo speciesni f ar mer s6 fi el d

Sl. | Name of the Area/ Growth of bamboo species

No. farmer location Bambusa tulda Bambusa balcooa
Avg. height| Avg. no. of |Avg. height| Avg. no. of
of leading |culms/clump| of leading |culms/clump

clump clump

1. |Kamal Mahato |Lodhasuli 8.51 10 5.62 4

2. |Bikash Mahato |Lodhasuli 7.98 8 5.36 5

3. |Sukumar Majhi |Lodhasuli 8.26 11 5.26 4

4. |Purnendu Pal |Banstala 7.88 7 5.78 5

5. |Ganadhar MahatBanstala 8.10 10 6.25 6
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Table 14. Effect of the two bamboo species intercropped with four agricultural crops
on the soil pH after three years study

07 15 cm Depth | 157 30 cm Depth 307 60 cm Depth Overall
Intercr
Initi Mea]| Initi Mea| Initi Mea| Initi Mea
op
al Bi| B2 n al BB n al Bi| B2 n al Bi| B2 n
Sole 46|4.6 49|4.9 5.1/5.0 49|4.8
bambool 71 2 4.65 5| 0 4.93 18 5.10 107 4.89
: 4.8|4.8 5.1/5.1 5.2|5.2 5.0|5.0
Rice 410 4.82 6| 2 5.14 510 5.23 3|4 5.06
Pigeon o 4.7\4.7 © 5.0/4.9 = 5.2|5.1 S 5.0/4.9
pea 2 g3 4.76 51213 5.00 S 1ols 5.18 5 lols 4.98
Bottle 4.7\4.7 5.1|5.0 5151 5.0/4.9
4.7 A A .
gourd 5|0 3 2850 8456 27500
Turmeri 4.8|4.7 5.1/5.1 5.2|5.2 5.0/5.0
. 0le 4.78 41 5.13 6 1 5.24 213 5.05
4.7\4.7 5.0/5.0 5.2|5.1 5.0/4.9
Mean 71 5 4.75 sl 4 5.06 0l e 5.18 2| 7 5.00
Where B.:=B.tulda and B,=B. balcooa
07 15cm 157 30 cm 307 60 cm Overall
Only for c c c c
; D D D D
INtercro | Sem(+ Em(z Em(+ Em(+
; S )m( (P=0.05| > ;“( (P=0.05| > )m( (P=0.05| > )m( (P=0.05

) ) ) )

Bamboo| 0.011 | 0.042 | 0.006 | 0.022 | 0.009 | 0.036 | 0.004 | 0.017**

Intercrop| 0.011 | 0.032 | 0.009 | 0.026 | 0.012 | 0.034 | 0.006 | 0.019**

Bamboo
* 0.015 NS 0.012 NS 0.016 NS 0.009 NS
Intercrop
CD CD CD
SE (d SE (d SE (d
Bamboo*nitial @ | p=0.05)| SED | p=005)| SED | (=005

0.018 0.071 0.009 0.037 0.016 0.061




Table 15. Effect of two bamboo species intercropped wittour agricultural crops on
the soil organic carbon (%) after three years study

07 15 cm Depth | 157 30 cm Depth 307 60 cm Depth Overall
Intercr
Initi Mea]| Initi Mea| Initi Mea| Initi Mea
op
al Bi| B2 n al BB n al Bi| B2 n al Bi| B2 n
Sole 0.4/0.3 0.3/0.3 0.3/0.2 0.3/0.3
bambod 116 0.39 3|3 0.36 5| 5 0.29 211 0.34
) 0.4/0.4 0.3/0.3 0.3/0.2 0.3/0.3
Rice 5| o 0.44 71 4 0.36 309 0.31 3|5 0.37
Pigeon 3 0.4/0.4 > 10.3/0.3 N 10.3/0.3 © 10.4/0.3
ea | S | 8| 4 0.46 S o3 0.36 S s5lo0 0.33 S 116 0.39
Bottle 0.4/0.4 0.4/0.3 0.3/0.3 0.4/0.3
gourd 6| 2 0.44 1] 7 0.39 211 0.34 1|7 0.39
Turmeri 0.4/0.4 0.3/0.3 0.3/0.2 0.3/0.3
c 41 0.43 713 0.35 18 0.30 71 4 0.36
0.4/0.4 0.3/0.3 0.3/0.2 0.3/0.3
Mean 5|1 0.43 sl 4 0.36 40 0.32 9|5 0.37
where, B.:=B. tulda and B,=B. balcooa
07 15cm 157 30 cm 307 60 cm Overall
Only for c c c c
; D D D D
intercrop Em(z Em(z Em(z Em(z
SEM() p_0 05) SEM®)| p=0 05 SEME) p=0.05/>E™™) (p=0.05
Bamboo 0.007 | 0.026 | 0.007 | 0.026 | 0.006 | 0.025 | 0.005 |0.019**
Intercrop 0.007 | 0.022 | 0.006 | 0.017 | 0.010| 0.029 | 0.005 |0.014**
A
Bamboo 0011| NS | 0008| NS | 0014| NS | 0.007| NS
Intercrop
CD CD CD
SE (d SE (d SE (d
sambooriniial| = ) | P=0.05)| *E@ | (p=0.05)| F@ | (p=0.05)
0.011 0.043 0.011 0.043 0.011 0.042

Table 16. Effect of two bamboo species intercropped with four agricultural crops on
the soil available N (kg/ha) afterthree years study

Intercro

071 15 cm Depth

157 30 cm Depth

307 60 cm Depth

Overall




p Initia B, |B, Mea |Initia B.|B, Mea |Initia B.|B, Mea|Initia B,|B, Mea
I n | n [ n I n
Sole 17|16 15|15 12|11 15|14
bamboo 2o |17t 9|5 |17 o|7 |19 ol|7|149
. 2119 17|16 15|13 18|16
Rice 113 202 410 167 5| 6 145 0l3 171
Pigeon o 22120 o 1917 8 17|14 < |19(17
pea ) 6|2 214| 9 3|4 183| 9 405 160| 9 21 a 186
Bottle- 22|19 18|15 16|14 19|16
gourd 17 209 3|5 169 4|1 153 0|4 L7
Turmeri 20|19 1715 15|13 17|16
c 713 200 415 164 011 141 210 168
20|19 17|16 15|13 17|16
Mean 21 199 610 168 3|4 143 91 170
Where, B,:=B. tulda and B,=B. balcooa
07 15cm 157 30 cm 307 60 cm Overall
Only for CD CD CD CD
intercro
P ISEM®) p_g 05)SEM®)| p=g 05SEM®)| p=0.05/SEM®)| (p=0.05
Bamboo 0.340| 1.335 | 0.313| 1.229 | 0.234| 0.919 | 0.263 | 1.033**
Intercrop 0.170| 0.503 | 0.321| 0.949 | 0.072| 0.214 | 0.155| 0.459
A
Bamboo 0.240| 0.71 | 0.454| 1.34 | 0.102| 0.30 | 0.219| 0.649
Intercrop
CD CD CD
SE (d SE( SE(
Bamboo*Initial @ | (p=0.05) @ | (p=0.05) @ | (p=0.05)
0.569 2.234 0.524 2.056 0.392 1.539

Table 17. Effect of two bamboo species intercropped with four agricultural crops on
the soil available P (kg/ ha) after three years study

Intercr | 0T 15 cm Depth | 157 30 cm Depth| 307 60 cm Depth Overall
eop

Initi | By | B2 | Me [Initi | By | Bo | Me |Initi | By | Bo | Me |Initi | B, | B, | Me
al an | al an | al an | al an

Sole © 12.110.|11.9 N 10.19.9|10.4 9.6(8.7|9.22 11.19.8|10.5
(8694 0| ©|9%| 2| 4| 5|86 Rl17| 7| 2
3 3 o o

Rice 16.]13.|15.4 13.111.|12.7 10.]10.|10.7 13.112.|12.9




97193] 5 58[82] 0 o8] 48] 3 84108 6
Pigeon 17.|15.]16.6 15./13.]14.5 12./10.]11.6 15.|13.114.2
pea 34|86| 0 86| 28| 7 64| 69| 7 28| 28| 8
Bottle 16.|14./15.8 13./13./13.3 10./ 10.]10.6 13./12.113.2
gourd 78| 84| 1 a7\27| 7 83|37| 0 69| 83| 6
Turmeri 16.|14./15.8 13./11.]12.6 10./ 10./10.5 13./12.113.0
c 83|83| 3 29| 94| 2 95| 13| 4 69| 30| 0
Mean 16.| 14.]15.1 13./12.112.7 11./10./10.5 13./12.]12.8
16| 08| 2 43|05| 4 02| 09| 6 54|07 1
Where, B.:=B. tulda and B,=B. balcooa
07 15cm 157 30 cm 307 60 cm Overall
Only for CD CD CD CD
intercro
P |SEM@)| p=0 05) SEM)|p=0 05| SE™®)| (p=0.05) SEM®)|(p=0.05
Bamboo 0.035 | 0.139 | 0.016 | 0.063 | 0.018 | 0.070 | 0.021 | 0.081
Intercrop 0.036 | 0.105 | 0.022 | 0.064 | 0.020 | 0.060 | 0.020 | 0.059
A
Bamboo 0.050| 0.15 | 0.031| 0.09 | 0.029| 0.09 | 0.028 | 0.084
Intercrop
CD CD CD
SE (d SE (d SE (d
Bamboo*Initial @ | (p=0.05) @ | (p=0.05) @ | (p=0.05)

0.059 0.233 0.027 0.106 0.030 0.117

Table 18. Effect of two bamboo species intercropped with four agricultural crops on
soil available K (kg/ ha) after three years study

int 07 15 cm Depth | 157 30 cm Depth 307 60 cm Depth Overall
ntercro —— " " "
p Initia B,|B, Mea|Initia B.|B, Mea |Initia B, |B, Mea|Initia B,|B, Mea
| n I n [ n | n
11111 11111 10|10 11|10
Sole 613 115 310 112 8|4 106 319 111
. 14113 13|13 13|12 13|13
Rice 5|9 141 5|5 137 5|'g 130 8| 4 136
o 2 0 = 0
igeon — — o —
15|15 15|14 14|14 14|14
pea 411 153 0ls 149 301 142 9|7 148
Bottle
13|13 13|12 12|12 13|13
gourd g |5 | 137 39| 131 g || 126 30132




Turmeri 13[13 13[12 12|12 13[12
. o3| 185 2| 129 o 1| 124 27| 129
13[13 13[13 12|12 13/13
Mean o | o | 136 50| 132 o | 4| 126 3|0 | 131
Where, B:=B. tulda and B,=B. balcooa
07 15cm 157 30 cm 307 60 cm Overall
Only for CD CD CD CD
intercro
P |SEME) (p=0.05)SEME®) (p=0.05]SE™®) (p=0.05{SE™®) (p=0.05
Bamboo 0.011 | 0.042 | 0.006 | 0.022 | 0.009| 0.036 | 0.067 | 0.264
Intercrop 0.011| 0.032 | 0.009 | 0.026 | 0.012| 0.034 | 0.085| 0.252
Famboo 0.015| NS | 0012| NS | 0016| NS | 0.120| 0.356
ntercrop
CD CD CD
SE (d SE (d SE (d
Bamboo*Initial @ | (p=0.05) | SE@| (p=0.05) | SE (@ (p=0.05)
0.200 0787 | 0.214 | 0.840 | 0.136| 0534




Jhargram Plates

Plate 1.Initial land condition before starting of the experimentation

Plate 2. Mulching with dry leaves & twigs for moisture conservation

Plate 3.Bambusa tulda(2 months after planting)




