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ABSTRACT

The present investigation entitledntercropping of vegetables in banana (Musa
Spp.)’ was carried out during 2014-15 at All India coma@ted Research Project on Fruits in
Horticulture Research Station, OUAT, Bhubaneswalista.

Among all the desert types of banana crop varid¢tgndpa is most popular in Odisha
among the people and is commercially cultivatethost of the districts . During commercial
cultivation the crop is grown alone and the intacgs remain unutilised during the crop
growth period. So, an attempt has been taken iptbsent study to utilise the interspaces in
newly cultivated banana plantation by growing sqragial shade loving vegetable and spice
crops. There are seven treatment i.e; T1-Banana¢&sa, T2-Banana+Elephant foot yam,
T3-Banana+Arrow root, T4-Banana+Ginger, T5-Bananan@ita Ginger, T6-Banana+

Turmeric, T7-Control (No Intercropping).

Sword Suckers of uniform size were planted gpacing of 2m X 2m and intercrops were
planted inside banana maintaining spacing asnpgscgield and yield attributing characters
and performance of the intercrops were recordeshglihe course of investigation. From the
experiment it was found that banana alone gaveied gf 29.63 t/ha. Where as arrow root
intercropped with banana gave the highest yieldl6#4 t/ha and banana28.88t/ha and
followed by elephant foot yam 13.5 t/ha and ban2®&5t/ha but the minimum yield was
with ginger where a yield of 6.2 t/ha and banan®@8vas obtained. Banana & Arrow Root
intercropping yielded gross return of Rs.843200thwa net profit of Rs. 3,98.750/- as
compared to gross return of Rs.810900/ and nefitppbfRs. 3,66,450/- with banana +
turmeric and a gross return of Rs.4,44,450 andpmefit of Rs. 1,95,750/- in control.
Maximum B:C ratio of 2.38 was obtained in Bananarsow Root intercropping as compared

to 2.29 with Banana+Turmeric & minimum in contra;i1.78.

So, from the above findings it can be aboded that banana cutivation can be
commercially followed with Banana + Arrow Root irteopping Profitably without
decreasing the returns from banana cutivation albf@vever, the intercrops may give

different result under varied edaphic and agrodicrzonditions.
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INTRODUCTION

Sustainable agriculture seeks at least princigasse nature as the model for
designing agriculture system. Since we are modglhature understanding of the
principles by which nature functions and utilisatiof the principles to reduce cost
and increase profitability and at the same timetasning our ecology and land
resources are quite important for modern agriceltithere is far more cooperation in

nature than competition while growing intercrops.

Intercropping offers farmers the ogpoity to engage nature’s principle of
diversity on their farms. Plant spatial arrangersgmianting rates, spacing, crop
growth & their growth behaviour act as an insuraagainst failure of crops under
adverse condition gives additional income, reducg min off, utilize resources
efficiently and maintain the soil fertility and mignt uptake from different layer of
soils depending upon the root growth of differerdps. Intercropping in scientific
way should be viewed from a theme of competitionote of collaboration with
mutually beneficial relation with proper planning ¢get more return from limited

natural resources.

Indian Agriculture past strategies to increfagel grain production to produce
more in shortest period, however have resulted assiwe exploitation of natural
resources contributing to unsustainable growthtorga situation to use of land and
other resource in a more judicious and planned twagake agriculture income more
lucrative and by that to increase the living staddand income of the framers for
which planned intercropping in fruit orchard is thght management for proper

utilization of soil, water and light for crop proction.

Banana which is referred as kalpatadanfpof virtues) and kalpa vriksha
produce the wonder berry forming staple food folliams across the globe providing
balance diet, a rich source of carbohydrates ndiadyof fat having many therapeutic
values and a way of livelihood of many farmers mdia and Odisha is closely
associated with the cultural heritage, culture @oasidered to be a symbol of
prosperity and fertility in Indian mythology. Owirtg it socio economic importance,
short duration, demand, palatability, profitabilignd good return the crop it is

commercially grown in India covering an area of28(‘000ha) with a production of
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29724.6 (‘000 MT) with a productivity of 37.0 MTdHIndian Horticulture Database-
2014) After implementation of NHM in Odisha thesea growing demand for

commercial cultivation of this crop .

In India, Banana is known for its antiquity fmtoRamayan (2020 BC),
Kautilya’s Arthasastra (300-400 BC) and it's presemn painting & sculptures of
Ajanta & Ellora caves (600 BC). India has been gngnbananas from vedic times
and mention of dwarf stature bananas and a baminaeddish sap has been quoted
in Tamil Literature dating back to 120 BC.

Banana is a perennial herbaceous fruit crop lwgigces a good return even in
poor condition and contributes to livelihood, ntbmal and economic security to

many farmers of Odisha.

Most of the farmers in Odisha under NHM are culingabanana in more scientific
manner with tissue culture plants under proper IMKO water management practices. In
Odisha, Champa (AAB) is a popular variety likedtbg people for consumption and
also cultivated by farmers for it's hardy naturedaand good rattoning ability. The
inter spaces (2mx2m) remain idle for the initiab 4nonths of crop growth and the
interspaces can be very well utilized by growingheovegetable crops which do well
under partial shade condition. Keeping the aboetsfa view it was though worth
while to utilize interspaces in newly planted baméy growing some vegetable crops
like Colocasia Colocasa esculenta), Elephant Foot Yam Afmorphophallus
campanulatus), Arrowroot (Maranta arundinaceae), Ginger Zingiber officinale),
Mango ginger Curcuma amada) and Turmeric Curcuma longa). These intercrops
are mostly partial shade loving . Following the mal cultural package of practices
both for intercrop and banana the experiment wasletted with the following

objectives.

1) To study the growth of main crop and intercrops.

1) To study the yield of banana and intercrops.

2) To study the plant stand and performance of inb@xr

3) To evaluate the economics of the intercrops aloitig kanana.




REVIEW OF LITERATURE

The present investigation entitled “Intercroppiofy Vegetables in Banana
(Musa spp.)” is supported by a brief account of previous aesk findings in the
form of review on the following heads. There are severaearch work conducted
by different scientific workers. This chapter mgirprovides good guidelines to
carry out research work. So, in this chapter tiseueces and authors have been fully

acknowledged pertaining to the aspects investigatéie present study.
| ntercropping system

Nair et al. (1974) studied on basic resource of crop prodoatamely soil and
solar energy were not being utilized to the maximextent possible in pure stand
crop of coconut. Except during period between 8«2érs of age coconut plantation,
interspaces received filtered sunlight varying amtpwhich might be adequate

energy to raise various crops.

A five year field experiment by Swaminath@d999)conducted at Pudukkottai,
Tamil Nadu to get information that will facilitatbe scientific development of tree
mixtures in an agro forestry system with 2 frugdsviz. mango and cashew and four
tropical nitrogen fixing trees.Growth in cashew wathanced by 25% when inter-
planted withCasuarina and plant girth (10.8cm) was maximum when intenfgd

with Leucaena

Venugopal & Sheela (2009) reported that produgtivaind income was
enhanced in banana variety Nendran by modifyingptaating pattern and adopting
intercropping. Individual bunch weight didn’t regis any variation with planting
pattern. However, maximum yield per hectare wassteged in modified system of
planting. Combination of modified planting systeincacumber and amaranthus has
the highest net profit and BCR.

Ouma (2009) that intercropping is a very benefici@pping system in East
Africa because of its reducing poverty and incmregsiood security and reducing

poverty and increasing soil fertility. It is incagly becoming important in east



Africa where land scarcity is increasing. Bananaaigery important crop in east
Africa but due to the fact that small scale farmads® require food security. It should
be intercropped with many of the annual crops bgrgvn by farmers to achieve
this.

Root and tuber crops as intercrop

Studies on intercropping of ‘Basrai’ banana by Gidawatet al. (1984)
revealed that when banana grown alone or interedpwith Curcuma longa,
C.amada or Dioscorea alata, gave average Yyields of 55195,54293, 50202 and31907
kg banana fruits haand the vyields of the 3 intercrops were 5543, 181 1390 kg
ha?, respectively. Onl\C. longa was recommended to be grown as an intercrop with

‘Basrai’ banana.

Since coconuts occupy 40% of the cultivated land do not start cropping
until 5 to 7 years after planting, returns from thed are low. In trials carried out
between 1978 and 1987, coconuts were intercroppid5acrops with monoculture
as the control. The total net incomes (intercrogotonut) over the years were:
coconut alone, Rs. 5,000, coconut with cocoydbnogcorea), Rs.7,104.00 with
Elephant Foot Yam Amorphophallus campanulatus), Rs. 10,704.00 with tapioca
(Manihot esculenta), Rs.6,570.00 with turmericC{rcuam longa), Rs.6,710.00 and
with Ginger Zingiber officinale), Rs.9,950.00 as reported by Sireglal. (1988)

Nayar and Suja (1996) conducted a field experinfentthree consecutive
seasons (1990-93) at Central Tuber Crop Reseastitube, Trivandrum, India to
study the effect of intercropping of four genotypdsDioscorea (Sree Keerthi, Sree
Priya, Sree Dhanya and Sree Latha) with banana'Nendran’. There was no
perceptible deletorious effect on growth and prodig of banana due to
intercropping with different genotypes of dioscordatercropping banana with
SreeKeerthi and SreePriya was very profitable imgarison to farmers practice of

sole cropping of banana.

Sharmaet al. (1996) conducted a trial in a 30 years old cocstartd which were
spaced at 7.5%7.5m under rainfed conditions. Tepgrted that among colocasia, ginger,
turmeric as intercrops, ginger gave the highestevaf crop (Rs.52,000 i but the low
cost of cultivation of colocasia made it most puadfie
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Jataet al. (2009) conducted a study on intercropping of eleplaot yam in
orchard crops & they reported that elephant fooh y@n be planted between the
interspaces of fruit or orchard crops with a recanded spacing of 90cm X 90cm.
Depending upon the canopy size of fruit & orchardps, 5000-9000 plants of
elephant foot yam per hectare can be accommodateteghant foot yam is not

competing for light as because this crop is ablelerate shade.

Girija Devi et al. (2011) in their study on performance studies afotes crops
in coconut based cropping system compared to solgmg reported that Nendran
banana, Elephant Foot Yam, Ginger can be growruigagbe intercrops in coconut
garden in different combinations . All these crppsduced significantly at par yields
with their sole crops in coconut garden and by stid)g the plant population of
intercrops remuneration from the coconut gardenbeaimcreased sufficiently.

Sit and Roybarman (2012) conducted a study on pedoce of different
turmeric cultivars under coconut plantation for d$tdimalayan Teria regions of west
Bengal and reported that cultivar like Suguna, Biarsa and Suvarna performed well
in coconut plantation in terms of yield and thegguced 17.1, 16.0 and 15.9 t fresh
turmeric in one hectare of coconut plantation, eesigely. More yield of leaf
number, leaf length, Number of secondary fingersndth, width and weight of

primary and secondary finger and clump weight.

Krishnakumaret al. (2013) in their study on Integrated Nutrient Magiagnt
for Elephant Foot Yam intercropped in coconut gasdeoncluded that Elephant Foot
Yam (var. Gajendra) can be successfully intercrdpjpecoconut gardens with the
application of 50% recommended dose of NPK fediszalong with biofertilizers
(Azospirillum and Phosphobacteria) @ 5kg per hectganrd vermicompost @ 1kg per
plant.

Swadija et al. (2013) in their study on growth and yield of arroat
intercropped in coconut garden as influenced bymigmanagement indicated that

arrowroot can be profitably intercropped in cocogartdens.



Netsereet al. (2015) in their investigation on intercroppinfArabica coffee
with turmeric Curcuma longa) and ginger Zingiber officinale) at Tepi, south west
Ethopia reveal that coffee intercropped with tunmend ginger was found to be
agronomically and economical beneficial in the bowutest Ethopia. Therefore,
depending upon the suitability of area and priovityarmers coffee intercropped with
turmeric and ginger can be practised as an impomemedy to increase crop
production and economic returns and coffee canrbergwith turmeric and ginger

without significant yield reduction.
Vegetable as intercrop

Dzalagonija (1964) reported that intercropping efjetables (cucurbits and
legumes), green manure crops and perennial grassessed citrus productivity as

compared to the monocropping.

Singh (1968) suggested that cowpea, cucurbits,ashinokra, cabbage,
beetroot, onion, carrot and cauliflower crop conaltion of intercrops with mango are

beneficial.

During the pre bearing age of papaya, short durategetables like cabbage,
cauliflower, onion, chillies, radish, tomato etoutd be grown as intercrops which
not only kept the soil free from weeds but alsoeatltb the income of the growers
(Singh and Dahiya,1982).

An experiment conducted by Avilast al. (1983) with Avocado, which was
intercropped with cocoyam, papaya and cowpeas. bEs¢ result was observed in
terms of yield, land and labour utilization effisey when coco yam was used as

intercrop.

Rao and Edumunds (1984) studied the intercroppifganana with cowpea,
maize and sweetpotato. They found that all thed¢nd@ping treatments significantly
reduced the pseudostem girth of banana at 5moitgh giinting and increased the

number of days to shooting and harvesting.

In papaya, vegetables like tomato, beans, chilkés, could be grown when

the plants were young during the first year of plaj Growing of intercrops not only



utilized the vacant space between the plants opijirbat also checked the growth of

weeds (Subrahmanyam, 1987).

Bhuvaet al. (1988) studied the effect of intercropping on thainmcrop of
mango and the economics on mango cv. Rajapuritgdaat 6mx6m and interplanted
with (a) banana. (b) cassava (c) tomato followedlogter bean (d) brinjal followed
by cowpea. They opinioned that mango grown with @mmand cluster bean as

intercrops gave greatest financial return per meatath benefit-cost ratio of 1.22.

Radhaet al. (1991) reported the effect of intercropping ingapple cv. Kew
was grown at a spacing of 30cmx60cmx180cm and crdeped with ginger,
turmeric, cowpeaColocasia sp., and at spacing of 30cmx60cmx90cm as monocrop.
It was observed that yield was significantly higlvenen pineapple was raised as
monocrop at higher density, than when intercroppi¢id other crops at lower density.

The effect of different variety of peas as intepg@n growth and yield of ber
in semi-arid region was studied by Singh and Na€89%). They obtained higher fruit
yield (16.84 kg tre@) with intercrops than without intercrops (5.10 tkgel). Arkel
variety of pea produced maximum yield(52.6 ¢hhas compared to other variety.

Singh et al. (1996) studied the effect of intercrops on growatid economic
yield of mango cv.Langra. They used intercropsclijlli as annual crop (ii)chilli
followed by soyabean (iii) okra-gram-okra. It wabserved that okra-gram-okra
combination gave significantly higher yield thahet treatments and net income was

obtained considerably higher with the same treatmen

Sharma (1999) studied the effect of intercroppimgyeeld and economic
viability of a 6 year old mango orchard (cv. Langaad reported that intercropping
with (1) okra in kharif, gram in rabi and then okmasummer, (2) soybean in kharif
and chilli in rabi induced high levels of fruit graof mango than on mango grown

alone, but the intercrop gave additional monetatyrns and enhanced the profits.

Pandeyet al. (2004) tried various intercrops in five year oléimgo orchard
‘Amrapalli’ and ‘Mallika’. During rainy season oheé year 2003, 25.75 q per ha

cluster beans, 45.24 q per ha okra and 81.9 fgeowpea could be harvested with



additional bio-mass vyield of 161, 142.6, 193, 55.84.54 and 337.3 q per ha

respectively’

The comparative performance of different kharif etedples viz. Tomato,
French Bean, Cowpea, Brinjal, Okra and green mai#e papaya as filler crop was
studied by Jain and Raut (2004) in young mango avcch5-8years) over two
monsoon seasons of 2001 and 2002 at farmer’s @ieldllage Tihari (M.P). The
economics of the intercropping systems- revealatl ttie gross monetary returns of
Rs. 62,760 with net return of Rs. 29, 320 per heevieund the highest when tomato
was intercropped in mango orchard with filler cymgpaya. The cost benefit analysis
of different intercrops resulted with the best doshefit with tomato (2.60) followed
by cowpea(1.90)

The result of an intercropping trial conducted lwa$h and Patro (2006) in
guava orchard showed that cowpea as intercrop dedosignificantly higher plant
growth in respect of tree height, girth, canopyaarghoot growth and number of

leaves/shoot of guava in the watershed area.

An intercropping experiment in a seven years olaripg mango orchard with
filler crop guava revealed that the maximum incegasplant height, girth and canopy
area of mango and guava was recorded with cowpkewtxl by french bean

intercropping as compared to plants without intgpping (Swain and Patro, 2007)

Pulses as intercrop

Intercropping of legumes (moong, urd, soybean, mout and cowpea) in
‘Basrai Dwarf’ banana was studied in detail by Belgh al. (1986). They observed
that intercrops gave additional seed/pod yield ammleased the net return. They
concluded that urdigna mungo) was the most effective intercrop for ‘Basrai Dwarf

banana.

Potentiality of growing cowpea (cv. California Bkaye-5)as an intercrop
with one year old grape fruit orchard was studiedsouth Florida by Stofellet al.
(1986). It was found that the total yield of frestarketable pods was 1854 kg'ha
The result suggested that cowpea could providesh ceop for growers with newly

established citrus (grape fruit) groves.



Rao and Reid (1987) studied plantain based cropgyatem and reported that

the most profitable association was cowpea.

Nybe et al. (1991) studied weed management in banana cv. ldendith
cowpea as an intercrop. Chemical methods of weedralowere compared with
intercropping with cowpeas cv. Kanakamani had haeeding for the control of
weeds in bananas. They concluded that intercroppiilly cowpea was the most

effective and economic method of weed control indves.

An intercropping system (cashew orchard with vegle& pulses and oil seed
under rainfed conditions) was studied by Gupta )@6hder long term evaluation at
Jagdalpur to determine the most suitable interéwopbtaining maximum returns per
unit area in the Bastar plateau zone. Cowpeas,-fypghfrench beans, cluster beans,
rice beans, urd beans, moong beans, soya beangramad nuts were grown in a
three year old cashew orchard. Gross and net rgiarnhectare worked out for
different models for the year 1993-94 and 1994-Béwsed that all the intercrops

recorded higher net return than the sole crop siea.

Fruit crop as intercrop

Anil Kumar and Pillai (1989) studied the economiok coconut based
intercropping system, where mature coconut plasratias intercropped with coconut
seedlings, cassava, cowpeas, pineapple or bandies found that although
intercropping was profitable in all cases, the bgfhnet returns were obtained when
interspaces in the coconut plantation were usedaising quality coconut seedlings

of the cultivars West Coast Tall and Komadan.

Economics of intercropping-

According to Leela Bhaskaran (1978) growing groundas rainfed intercrop
in coconut stand registered a net additional incofmBs. 2,772 per ha, he realized
through the sale of intercrop produced and savimgsxpenses effected by skipping
certain cultural operations and inputs to the ntaop. The cost benefit-ratio worked
out to be 1:1.6. The cropping system also generadéiional employment for about
20 men and 85 women. Groundnut could thus be ceresicas a compatible intercrop

in coconut stands.



Since coconut occupy 40% of the cultivated land dadhot start cropping
until 5 to 7 years after planting, returns from thad are low. In trials carried out
between 1978 and 1987, coconuts were intercroppdSacrops, with monoculture
as the control. The total net incomes (intercrogoteonut) over the years were:
coconut alone, Rs.5,000; coconut with cocoydmogcorea), Rs.7,104.00 with
elephant foot yam Amorphophallus campanulatus) Rs.10,704.00 with tapioca
(Manihot esculenta), Rs.6,750.00 with turmericciircuma longa), Rs.6,710.00 and
with ginger(Zingiber officinale) Rs.9,995.00 as reported by Sirgglal. (1988).

The effect of different variety of peas as intepg@n growth and yield of ber
in semi-arid region was studied by Singh and Na89%). They obtained higher fruit
yield (16.84 kg tree-1) with intercrops than withautercrops (5.10 kg tree-1). Arkel

variety of pea produced maximum vyield (52.6 g haslcompared to other variety.

Sairamet al. (1997) estimated variable capital requirement ar@hemics of
coconut based cropping system under rainfed aridaied condition. Various
intercrops like elephant foot yam, ginger and turmtaken under rainfed condition
while banana taken under irrigated condition. Asgroeturn of 100500 Héor the
coconut and ginger system, whereas for the cocomomoculture it was only
Rs.31,500 . Gross return from the banana and co@ystem was Rs.69,000 profit
from the bananas alone accounting for Rs.13,000t 8oconcluded that it is more
profitable to adopt coconut based cropping system.

The result of the two years of investigation calrieut by Ghosh (2001)
indicated that in terms of total returns, guavareugdnut combination proved the
best. However, the net profit per hectare was mawinunder guava + ridge gourd

followed by guava + groundnut combination.

Pulse crops, i.e., pigeon pea and black gram, cbeldrofitably grown as
intercrops in fruit orchards during the pre-bearisigge (Mishra and Swain,
2001).

Singh et al. (2001) carried out an experiment to study theasility and
profitability aspects of intercrops in young margehard cv. Langra. They reported
that among the different vegetable intercrop comitams, the bottle gourd-radish

combination increased the mango yield followed lxyaofinger-carrot and chilli-
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onion compared to control. The maximum net incormeRs.88, 757.32 hhvas
obtained from the bottle gourd-radish followed kyoisge gourd tomato (Rs.86,
397.62 ha) combination.

The comparative performance of different kharif etaples viz. tomato,
french bean, cowpea, brinjal, okra and green maite papaya as filler crop was
studied by Jain and Raut (2004) in young mangoarttii5-8 years old) over two
monsoon seasons of 2001 and 2002. The economitseahtercropping systems
revealed that the gross monetary returns of R%62yith net return of Rs.29, 320"ha
1 were found the highest when tomato was intercrdpipe mango orchard with
papaya as filler crop. The cost benefit analysigliierent intercrops resulted with
best cost-benefit ratio with tomato (2.60) followsgcowpea (1.90).

Lenka et al. (2005) studied on feasibility and profitability mtercropping
with groundnut, cowpea, turmeric and pineapple ashew plantation. The results
revealed that these were grown successfully aschogs in 9-10 year old cashew
orchard of without affecting the yield of main cropshew. The net profit ranging
from Rs.5,060 ha! in cashew + groundnut crop combination to Rs.3)0h&! in
cashew + turmeric crop combination could be obthihe view of the low investment
and better profitability as well as maintaining sl fertility, cowpea intercropping

in cashew orchard recorded highest cost beneiit (h14.84).

Pattanaik et al. (2007) studied the economics of intercrops in cashe
plantation with vegetable crops and found thatyib&l of main crop varied from 60.1
to 8.70 g h& under various crop combinations. Highest retufm@19,350 ha was
obtained from colocasia and lowest recorded in @awpNet highest return of
Rs.44,908 hiawas obtained when cashew was intercropped withcesia, followed
by brinjal. Minimum net return of Rs.21,350 havas obtained from the sole crop,

cashew var. Vengurla 4.

Yadukumar (2007) evaluated different annuals, basrmand perennials and
inter and mixed crops with an objective to utilimeerspaces and to check soil erosion
during initial stages of cashew. Soil erosion cobll checked using cover crop.

Sustained additional income can be obtained by iqiwatercrops.
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On farm experiment was conducted at multi locatesting site, by Nazrul
(2007) for consecutive two years by taking fouremtopping combination viz.
banana (sole), banana + okra, banana + sweet godrthanana + bitter gourd were
considered as treatment variables. The result shothat the highest Banana
equivalent yield advantage (20%) than sole bananarded from the intercropping
combination of Banana + Sweet gourd. This intergnog system also showed the
highest benefit cost ratio (2.41) and thereforenight be more economically viable

than sole banana.

Pattnaiket al. (2007) studied on economics of intercrops in casplantation
with vegetables crops and found that yields of nwaop varied from 60.1 to 87.0 g
per ha under various intercrops. Highest returR®f9,350 per ha was obtained from
colocasia and lowest recorded in cowpea. Net higle¢grn of Rs 44,908 per ha was
obtained when cashew was intercropped with colacafllowed by brinjal.
Minimum net return of Rs 21,350 per ha was obtaifteth the sole crop, cashew,

var. Venglura

Hipparagi and Chinnappa (2008) revealed that s@malaed red gram could
be raised successfully in the interspaces of bagarden without affecting the main
crop. Soyabean and red gram were proved to be ideaktrops in banana garden
providing net income of Rs.8,148.20 and Rs. 6,1%561%50% NPK level.

Ghosh and Hore (2011) in their study on econoroica coconut —based
intercropping system as influenced by spacing amed srhizome size of ginger
reported that the maximum net return (Rs. 78,4249 realised from closest spacing
with smaller seed rhizome in 20 X 15 cm spacing lmayecommended for ginger as

intercrop in coconut plantation for maximizing tield.

Asten et al. (2011) studied on profitability of intercropped fle@-banana
systems in region growing Arabica (Mt. Elgon) anobRsta (south and west) coffee
in Uganda. They reported that coffee-banana intpping is much more beneficial
than banana or coffee monocropping.

Singh et al. (2012) reported that if mandarin is intercroppdthvsoyabean in

kharif and coriander in rabi after harvesting s@gb during October-November, the
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main crop mandarin during March-April, there mayith@ome for almost six month as

against 1-3 month under either option of sole drapp

Mahantet al. (2012) conducted a field experiment on intercragpmtudies in
banana where he reveals that banana with onionnvesst profitable system under
drip irrigation. Which recorded higher banana egléat yield, land equivalent ratio

and net realization while, benefit cost ratio wasximum under banana with garlic.

Nayaket al.(2014) in their study on economics and yield perfance of some
short duration fruit and medicinal crops under sityiicultural system in rainfed
uplands of Odisha reported thstacia magium with pineapple based agrisilvicultural
system recorded the highest gross return, netrretnd BCR as compared to other

agrisilvicultural systems and sole crops.

Ray et al. (2007) studied different vegetables and flowerargps in pre-
bearing areca nut garden. They repoted that velgetabps like radish, cabbage,
cauliflower and brinjal performed well and resultedhigher net return per rupee
invested during winter season and among flowerimpps; marigold and
chrysanthemum performed well and resulted in higBeZ ratio (2.05 to 2.43)

compared to gladiolus.
Drip irrigation

Mohanty et al. (2006) studied the intercropping of banana witlo wvops :
turmeric and cowpea. The study indicated that tevth and yield of banana are not
affected by the intercrops. The irrigated water wefciency was highest in
unirrigated intercrop treatments, additional incemigom turmeric was about
Rs.23,700/- hayear! which means that investment in drip recovered heithin two

years by intercrop alone.

In case of banana better plant growth, early flomggrmore number of fingers
and enhancement in the yield were recorded undgerirdigation with plastic mulch
(Paul and Mishra, 2008).

Mahantaet al. (2012) was conducted a field experiment on intgpmng

studies in banana where they revealed that banahaowion was most profitable
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system under drip irrigation. Which recorded highanana equivalent yield, land
equivalent ratio and net realization while, benefist ratio was maximum under

banana with garlic.
Mulching

Singh and Kumaet al. (1999) had carried out a field experiment at Gentr
Horticulture Experiment Station Ranchi on banana Bwarf Cavendish mulched

with grass cuttings or not mulched. Mulching insesthe fruit yield in banana.

Paul et al. (2008) studied the effect of drip irrigation wighastic mulch on
plant growth, flowering, fingers, and yield of baaa According to them better plant
growth, early flowering, more number of fingers amhancement in yield obtained
under drip with plastic mulch. Mulch alone couldrease the yield by 7% even in
absence of drip.

Dorel et al. (2010) studied the effect of no-till banana piagton crop residue
mulch. The result indicated that the banana graveth better with crop residue mulch

left on soil surface with no tillage treatment.

Soliaet al. (2010) conducted an experiment in South Gujrdtnd out agro
techniques for enhancing the productivity of bananbhe studies involved drip
irrigation, fertigation, mulching and intercroppinghe result of the experiment
indicated that there is an increase in banana ge&lto either black plastic mulch or
sugarcane trash mulch @ 5t*havhich was more pronounced in narrow spacing
(1.5%1.5m) than wider spacing.
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MATERIALS AND METHODS

The present investigation entitled “INTERCROPPING YEGETABLES IN
BANANA (Musa spp.)” was carried out at All India Coordinated ResedPtbject on
Banana located at the Horticultural Research Sta@uissa University of Agriculture

and Technology during the year 2014-2015.

Location of experimental site

The Horticultural Research Station (HRS) of Orissaversity of Agriculture
and Technology is situated about 7 km away froemuhiversity and located at the
laltitude of 2015'N and longitude of 8%2’E. It is about 62km away from Bay of

Bengal and has an altitude of 25.5 m above mealegeha

Cropping History of Experimental Site

2012-13 Fallow
2013-14 Fallow
2014-15 Banana+Intercrops

Soll
The composite soil Sample 0-15cm depth was collieftten the experimental

plot prior to planting and physical and chemicahlgisis was done which is presented
in the table-1

Table-1 Soil characteristics of the experimental &ld

Sl. No. Constituents Standards in % on adry basis
1 Texture Sandy clay loam
2 Sand 79.6
3 Silt (%) 8.8
4 Clay (%) 11.8
5 Soil (pH) 5.6
6 Bulk density 1.52
7 Organic Carbon 6.0 g/Kg
8 Available Nitrogen (Kg/ha) 218.2 Kg/ha
9 Available Phosphorous (Kg/ha) 46.2 Kg/ha
10 Available Potassium (Kg/ha) 7.2 Kg/ha
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Meteorological observation

Climate

The Experimental site is characterised by warm edst climate with hot

and humid summer and mild winter. The weather d&teorded during the period of

experiment is presented in table-2

From the weather data it is observed that the maxinand minimum

temperature were 332 and 21.% respectively. Average maximum and minimum

humidity during cropping period was 90.9 at morniig00 am) and 52.03 at

afternoon (2.00 pm). The total rainfall receivedidg the cropping season and the

numbers of rainy days were 309.7 mm and 95 dayspentively. Average

evaporation was 6.6 mm/day during the season.

Table-2 Weather data of Bhubaneswar from June 201t May 2015

Rainfall | No. of Temperature 0 ,
Month (mm) Rainy (°C) RI\I/I_|e(a/r(;) Ezlrﬁf)nc;rdagu;n
Mean Days Mean y
Max Min Morning | Evening

June 2014 14.8 10 36.6 26.3 87 61 6.0
July 2014 18.6 22 31.4 24.7 94 82 2.8
August 2014 13.8 20 33.08 24.76 93.91 78.52 3.2
g’gﬂember 19.1 20 31.61| 2426 9514  76.6] 2.9
October 2014 | 16.3 10 31.7 22.0G 93.3 63,8 3.3
November
2014 0 0 30.9 175 89.7 42.7 3.5
December
2014 0 0 27.7 13.9 88 45 3.5
January 2015 10.7 2 27.8 14.2 91 43 3.6
February 2015/ 18.4 1 32.5 17.G 94 39 4.3
March 2015 8.2 3 35.8 215 91 40 5.7
April 2015 9.4 1 39.8 24.4 88 40 7.1
May 2015 33.7 6 39.23 25.72 87.07 48.715 7.44
Total 309.7 95 398.12 256.2 1091.831 624/44 79.44
Mean 25.8 7.9 33.2 21.4 90.9 52.03 6.6

Experimental details

The experiment was laid out with Randomized Blocksipn with 7

treatments and 4 replications using Fishers randaiie. The main crop banana

Champa variety was planted at 2mX2m distance.
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LAYOUT PLAN OF EXPERIMENT PLOT

R2 R3

R4

Treatments

T1- Banana + Colocasia

T2- Banana+ Elephant foot yam
T3- Banana + Arrow root

T4- Banana + Ginger

T5- Banana + Mango ginger
T6- Banana + Turmeric

T7- Control
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Source of planting material-

Banana- AICRP on Banana, OUAT

Colocasia- CTCRI, Bhubaneswar

Arrow root- CTCRI, Bhubaneswar

N o g M wbd e

Spacing of different crops during experiment-

Colocasia- 60 cm x20 cm
Elephant Foot Yam- 75 cm x 75 cm
Arrow root- 60 cm x 30 cm

Ginger- 20 cm x 30 cm

Mango ginger- 20 cm x 30 cm
Turmeric- 20 cm x 30 cm
Banana- 2m x 2m

Noo M w0 Db PRE

Fertiliser Dose of intercrops-(Kg/ha)

Elephant Foot Yam- CTCRI, Bhubaneswar

Ginger- High Altitude Research Station, PottandlAJ
Mango Ginger- High Altitude Research Station, RagtaOUAT
Turmeric- High Altitude Research Station, Potta@yAT

Intercrops N P K
COLOCASIA 60 50 70
ELEPHANT FOOT YAM 80 60 100
ARROW ROOT 40 30 50
GINGER 125 100 100
MANGO GINGER 60 30 90
TURMERIC 60 30 90
BANANA 200 50 200
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T2- Banana + Elephant Foot Yam
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T4- Banana + Ginger
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T6- Banana + Turmeric
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T7- Control
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Cultural management practices followed-

Banana- The land was ploughed, levelled and made weed drek good quality
planting materials (suckers) of champa varietypbahana were planted at a spacing of
2mX2m in a 45X45X45cm3pit well prepared and filled with 10 kg of well teh
compost. Furdon @ 40g was applied in the pit tdgmtoit from nematode. Fertiliser
dose of 200:50:200g NPK/plant was applied per banan

1/3% of N, 100% P and 18K was applied at the time of planting. Then'd/3
N, 1/39 K was applied each ori%35" and 7" month after planting. Necessary weed
control, water management, desuckering, removaldfeaves etc. were followed as

and when necessary during the crop growth period.
Intercrops :-

Elephant Foot Yam :Var. Gajendra, time of planting 16th june 2014esi seed
material 300g, pit size 1ft x 1ft x1ft, Spacingplant to plant 75 cm x 75 cm, Seed
treatment:-1kg fresh cow dung + 1ltr water + 2ghBite- M- 45+ 3g Bavistin + 0.5g
Streptocycline + monocrotophos 2 ml , Treatmemieti- 30 min, Air  dried 2
days and then planted, fertilizer dose 6800 N:P:K Kg per hectare. total P at
planting, 1/3 N & 1/3 K 30 days after planting N/&1/3 K 60 days after planting,
1/3 N & 1/3 K 90 days after planting.

Colocasia:- Var. Muktakeshi, ferilizer dose:- 60:50:70 NI per hectare, total P
as basal dose, 1/3 N & 1/3 K at the time of plaptifB N & 1/3 K 30 days after
planting,1/3 N &1/3 K 60 days after planting, Seeshtment same as Elephant Foot
yam, Spacing :- 60 cm x 20 cm

Turmeric :- Var.Surama ,Fertilizer dose :- 60:30:90 NPK Kg pectare,Total P as
basal dose, & 1/2 K at the time of planting ,1/&N/4 K 45 days after planting,1/2
N & 1/4 K 90 days after planting ,Spacing 20 cmx@n, Seed treatment : - 1 Itr
water + 3 gm Dithane-M 45+ 1gm Bavistin + 0.1 grireftocycline + 2ml
choloropyriphos .1/2 hour seed treatment thenraaddand planted

Ginger :- Var. Suprava , Fertilizer dose :- 125:100:10KNKgy per hectare, total P as basal
dose, & 1/2 K at the time of planting ,1/2 N & K45 days after planting,1/2 N & 1/4 K
90 days after planting ,Spacing 20 cm x 30 cm, Seadment : - In 1 Itr water + 3 g
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Dithane-M 45+ 1g Bavistin + 0.1 g Streptocyclinml choloropyriphus .1/2 hour seed

treatment then air dried and planted.

Mango Ginger :- Var.Amba Fertilizer dose :- 60:30:90 NPK Kg bectare, Total P

as basal dose & 1/2 K at the time of planting N/& 1/4 K 45 days after planting,1/2
N & 1/4 K 90 days after planting ,Spacing 20 cmxc3n, Seed treatment : - In 1 Itr
water + 3 g Dithane-M 45+ 1g Bavistin + 0.1 g toeycline + 2ml choloropyriphos

.1/2 hour seed treatment then air dried and planted

Arrowroot :- Var:- khordha local ,Fertilizer dose 40:30:5PWKg per hectare ,Total
P as basal, 1/3 N & 1/3 K as basal, 1/3 N & 1/8tKR0 days after planting, 1/3 N &
1/3 K at 60 days after planting ,Spacing 60 cm xi30

Observations recorded
Growth characters of main crop banana

Five plants were selected from each treatmenibasdrvations were taken from
these plants. The yield per plot was taken on Ipdgis. Data recorded was statistically

analyzed for all quantitative characters.

Plant height

The height of the banana plant and other inetrcvogre taken at the time of harvest

from base to the top and was expressed in cm.

Pseudostem girth

The girth of the pseudostem was measured witheasaring tape at the
maximum circumference which is roughly around 10 lseight above the ground

level and averaged to calculate the mean.

Number of leaves per plant

The number of functional leaves produced from tohantill the time of

shooting was calculated and was analysed.

Average weight of bunch

After harvest of bunch, the bunches were weightét stalk with a digital

balance and was expressed in kg.
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Yield of bunch/hectare

The bunch weight of all banana plants were summedind as per plant
population in one hectare it was calculated to tet total yield of banana in
tonnes/ha.
Number of suckers per plant

The number of suckers per plant produced in bamaeantrol and also with

response to intercrops was calculated and stalligt@nalysed.

Days taken for appearance of spadix

The number of days taken from planting till appeaaeaof spadix in different

treatments is calculated and expressed in numaays.

Days taken for emergence of bunch

The days taken from appearance of spadix to emeegeh bunch was

calculated and expressed in days for differentimeat.

The days taken for maturity of bunch

The number of days taken from appearance of bumahaturity of bunch was

calculated under different treatment and stat@ifiti@nalysed.

Number of hands per bunch

The number of hands produced in each bunch dueteéoaction of different

intercrops and banana alone was calculated anué¢he was used for analysis.

Number of fingers per bunch

The number of fingers in each hand was calculated fthe plants and

summed up and the average was taken to calcuateean value in banana.
Yield related characters in main crop (Banana)

Days taken for shooting

The days taken from planting to emergence ofriedicence was recorded. The date
of shooting was recorded when the flower bud tig wiaible on the pseudostem. Total
number of days taken for shooting was calculateddoh treatment.
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Bunch weight

After harvesting of bunch from the selected planivas weighed by a digital
balance and the weight (kg) was recorded.

Number of fingers per bunch

The total number of fingers presented in a bunch ezunted and the average

number of finger was recorded by taking the nunfilmen five selected plants.

Observation on intercrops-

Height of intercrops- The height of intercrops at maturity was measubgda

measuring tape at havest and the mean was usaddtysis.

Number of leaves per plant-The number of leaves per plant from sample plahts

all intercrops were counted, added and mean wakfasanalysis.

Yield of intercrops- The yield of individual intercrops from the togalbt in between

banana was recorded and was converted to yieloggtare and was presented in table.

Yield of biomass of intercrops-The yield of biomass of intercrops at the time of

harvest was recorded from sample plant and the mvaarused for analysis.

Cost economics calculationThe yield from intercrops and banana was taken into
consideration and was added to get the gross rdtom growing banana and
intercrops. The cost of cultivation of intercropddmanana was also taken and added
to get the total cost of cultivation of both Banaaal intercrops. Total return from
Banana + intercrops was calculated and it was dedufrom the total cost of

cultivation to get the net return.

Statistical analysis
Analysis of variance and test of significance

The analysis of variance for each character wasedaout with the mean
values of each treatment under each replicatios. total variance was positioned in
components such as replication, treatment and.€efta variance was tested at 5%
level of significance. Standard Error of Mean andti€al Difference (0.05) were
calculated for comparing the mean values as pesd”and Sukhatame (1954). The
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standard errors of mean and critical differenceenealculated by using following

formulae.

EMS

SE (m)+ = .

Where SE(m) = standard error of mean.

EMS = error mean sum of square

r = Number of replication
CD (0.05) =/2 x SE (m) x t value at error d.f. at 5 %
Economics

The economics of main crop, intercrops and thepteta cycle of crops was
worked out taking into consideration the cost oftieation, gross return and net
return per hectare. The cost of cultivation waswaked on the basis of the prevailing
local market rates of inputs while the gross retomnnthe yield and sale price at the
farm gate. For working out of economics in casecoimplete cycle of crops the
equivalent banana yield from intercrops and otheatiments were determined by
taking into account the yield and sale price oéiiatops and the sale price of banana

and is given by the formula-

Equivalent banana yield (q ha

Yield of intercrop(gha') xsalepriceof intercrop(Rs./q)
Salepriceof banangdRs./q)

For appropriate economic assessment of intercngpipi monetary terms, the
monetary advantage was calculated by the folloangula.

Ret . ent Grosgeturn(Rs)
eturn per rupee inves menléostof cultivation (RS)

. ~ Totahetreturnbananaintercrop)
Benefit: cost ratio = - .
Totalexpendite(banan&intercrop
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RESULTS

During the period of experiment varied plant chéees, yield attributing
characters and yield data were recorded duringcthese of investigation are
presented in this chapter supported by tables. mean data obtained were
tabulated and were analysed statistically with ewito find out the significant
effect of different characters which are presentethe following characters and
presented in tabular form and the relevant stanéaror of mean as well as the

critical difference (CD) at 5% level of significamds also focussed.

Plant height (cm)

During the course of investigation the plant heigltChampa var. of
banana did not show any significant variation dwe growing of different
intercrops. The plant height was maximum 283.13 with Banana + Ginger
intercropping followed by 280.13 cm with Banana #rdw root, 275.25 cm with
Banana + Colocasia. 244.13 cm with Banana + Elepf@ot Yam and 272.35
cm with Banana + Mango ginger. Control treatmerddoiced the lowest plant

height of 266.18 cm during the course of invesimat

Plant girth (cm)

The data presented in table 3 showed no signifisamtation for plant
girth of banana among the treatments. Highest ptarth of 65.50 cm was
obtained with Banana + Turmeric intercropping. Bama+ Arrow root
intercropping produced a plant girth of 62.23 cnlldwed by 60.68 cm in
Banana + Elephant Foot Yam, 58.18 cm with BanamMdahgo ginger, 57.23 cm
with Banana + Ginger and 56.35 cm with Banana +oCasia intercropping. In
control where banana was only grown it producedldmesst plant circumference

of 54.05 cm during the experiment.
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Number of leaves per plant

The number of leaves per plant in Champa varietybahana with
different intercrop combination data is presentedhie table 3. It was found that
the number of leaves in banana did not vary sigaiftly due to the effects of
intercrops. Banana + Colocasia intercropping predut0.93 numbers of leaves
followed by Banana + Ginger where 10.73 number edves were produced.
Banana when intercropped with Elephant foot Yamdpoed 10.38 number of
leaves followed by 10.30 with Banana+ Arrow rooteircropping. Banana +
Mango Ginger produced 9.98 number of leaves and|olmeest leaves were
recorded with Banana + Turmeric. However, in cohft®.50 number of leaves

were produced during the trial.
Bunch weight (kg/plant)

The bunch weight of banana is presented in the tablt is observed that the
intercrops did not influence much in bunch weightl ao significant variation was
obtained in bunch weight among the treatments. éfiglbunch weight of Champa
banana was obtained with Banana + Elephant foot,YEhB85kg with Banana +
mango ginger and Control. However, the lowest bumehght of 11.43kg was
obtained with banana and ginger intercropping whpobduced a bunch weight of

11.5kg during the trial.
Yield of bunch (t/ha)

The total yield of bunch in t/ha is presented iml€a3. It is observed that the
yield of banana per hectare did not vary signifiaduring the trial. The highest
bunch yield of 30.00 t/ha was recorded with Banan&olocasia intercropping
followed by 29.75 t/ha with Banana + Elephant Fgaitn, 29.63 t/ha in Banana +
Mango ginger & control. Banana + turmeric produ@826 t/ha, Banana and arrow
root 28.88 t/ha and the lowest with Banana + Gingdere a yield of 28.56 t/ha was

obtained.
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Table-3 Comparative growth and yield characters obanana

Plant Plant No. of | Bunch Yi;ld
Treatment height | girth leaves / | weight
bunch
(cm) (cm) plant (kg) (t/ha)
T1 | Banana+ Colocasia 275.25 56.85 10.93 12/00 30.00

Banana + Elephant foot

T2 274.13| 60.68 10.38 11.90 29.75

Yam
T3 | Banana+ Arrowroot 280.183 62.23 10.30 11.65 28,88
T4 | Banana + Ginger 283.13 57.23 10.713 1143 28.56

T5 | Banana + Mango Ginger 272.35 58.18 9.98 1185 .6329

T6 | Banana + Turmeric 274.13 65.50 9.88 1171 29.26

T7 | Control 266.18 54.05 10.50 11.85 29.63
SEM+ 5.047 | 2.755 0.358 0.151 0.37)7
CD (0.05) NS NS NS NS NS

Biometrical observations of banana based croppingystem
Number of suckers/plant

The number of both sword and water suckers produtiezl to effect of
intercropping is presented in the table 4. The remolb suckers produced was highest
in banana + arrowroot treatment and control. Bantaiéango ginger intercropping
produced 6.20 number of suckers followed by 6.15Banana + Colocasia and
Banana+ Turmeric. However, 6.13 numbers of suckerg produced with Banana +

Elephant Foot Yam and the lowest with Banana + &imgtercropping.

Days taken for appearance of spadix

Days taken for appearance of spadix in banana gitine trial is presented in
the table 4. It was observed from the tabulated tat days taken for appearance of
spadix in different treatments did not vary sigrafitly. Highest days (267.25) to

appearance of spadix was recorded with Banana mdnit followed by 264.00 days
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with Banana + Mango ginger, 261.75 days with Banan@inger, 263.25 days in
control, 263.00 days with Banana + Arrow root, Z®1with Banana + Colocasia and

the lowest 255.00 with Banana +Elephant Foot Yam.

Days taken for emergence of the bunch

Days taken for emergence of the bunch is presantéte table 4. From the
tabulated data it is found that the character ditl vary significantly among the
treatments. The highest days (28.50) was takeramaBa + Ginger for emergence of
bunch followed by 27.50 with Banana+ Arrowroot ,&bin control. 24.25 days with
Banana + Turmeric, 24.0 days with Banana + Manggegi and 23.50 in Banana+

Colocasia and Banana + Elephant Foot Yam treatthentg the trial.
Days taken for maturity of the bunch

Days taken for maturity of the bunch is presentedhe table (2) . It was
found that no significant variation was observedoag the treatment for this
character, Days taken to maturity of bunch was é8g(91.50) in Banana + Elephant
Foot Yam intercropping, followed by 91.0 days widhanana + Turmeric, 90.75 days
with Banana + Colocasia, 90.00 days with Bana@nger, Banana + Mango ginger
and Control. Banana intercropped with arrow roadpiced the lowest value of 89.75

days during the course of investigation.
No. Of hands/bunch

The number of hands per bunch did not vary sigafity during the course of
investigation & is presented in table 4. Numberhahds was highest (10.28) in
Banana+ Arrowroot intercropping followed by Banan&olocasia (10.18), Banana+
Mango ginger (10.05), Banana + Turmeric (9.35), #an+ Ginger (9.33) and the
lowest (9.05) in Control.

No. Of fingers per bunch

The number of fingers per bunch in different trezits during the trial is
presented in the table 4. Which varied significastinong the treatments. Highest
(155.38) number of fingers per bunch was recoraedointrol followed by 153.80
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with Banana + Arrowroot, 149.20 with Banana + Tuntel44.8 in Banana +

Colocasia, 143.50 with Banana + Mango ginger, 12%8h Banana + Ginger and

138.25 with Banana + Elephant Foot Yam, and 15& 3ontrol respectively.

Table-4 Comparative yield attributing characters ofbanana

No. of Days Days Days
suckers| taken for |taken for| taken for | No. of| No. of
Treatments of the |appearangemergen maturity |hands/fingers/
main e of ce of the| of the [bunch| bunch
plant spadix | bunch | bunch
T1- Banana + Colocasia 6.15 261.50 23.50 90.Y5 81j0144.8
T2-Banana + Elephant | ¢ 15 | 55500 | 2350 9150 940 138025
Foot Yam
T3- Banana + Arrowroot 7.10 263.00 27.50 89.75 80.253.80
T4- Banana + Ginger 6.10 261.75 28.50 90.00 9.339.382
T5- Banana + Mango 6.20 | 264.00| 2400  90.00] 10.051435
ginger
T6- Banana + Turmeric 6.15 267.25 24.25 91.00 9.339.20
T7- Control 7.10 263.25 26.00 90.0(¢ 9.05 155.38
SEm+ 1.98 4.03 7.99 1.89 2.79 2.18
CD 5% 5.8 12.21 23.73 5.79 8.29 6.37
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Height of the intercrop at the time of harvesting

The height of the different intercrops at the tiofeharvesting of the crop is
presented in the table 5. It was observed fromabelated value that the height of the
intercrops varied significantly among themselved @mwas highest (150.75cm) with
Banana + Elephant foot Yam, Followed by 140.75crthvidanana + Arrowroot,
82.00cm with Banana + Colocasia, 80.25cm with BananTurmeric, 74.25 cm

with Banana + Mango ginger and 60.75 cm with Banar@inger intercrop.

Number of leaves of intercrop at the time of harvesng

The number of leaves of different intercrops reeardat the time of
harvest varied significantly among the treatmeiitse highest number of leaves
16.00 was recorded with arrowroot followed by 15Wieh colocasia, 9.75 with
ginger, 8.25 with mango ginger, 6.25 with turmeaad lowest 1.50 with

elephant foot yam.

Yield of intercrops

The yield of intercrops and banana is presentedhentable 5. It was
observed that there was significant variation ielgiamong crops. Yield of
16.40 t/ha with arrowroot, 13.50 t/ha with eleph&mdt yam, 10.70 t/ha with
colocasia, 9.30 t/ha with turmeric, 7.60 t/ha wmlango ginger and lowest 6.20
t/ha with ginger during the trial.

Biomass production of the intercrops

The biomass produced by different intercrops dutimgtrial is presented
in the table 5. It is revealed from the tabulatetadthat biomass production
varied significantly among the treatments. It waghlest 2606.25 g/plant with
elephant foot yam, 252.25 g/plant with arrow ro238.25g/plant with banana+
mango ginger, 183.75¢g/plant with banana+ turmeriel.75g/plant with banana+

ginger and 103.75g/plant with banana+ colocasia.
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Table 5 Morphological characters and yield of ineércrops

Height of the

No. of leaves

. ; . Biomass
T intercrop at | of intercrop | Yield of the .
reatments . . . production of
the time of | at the time of| intercrop :
harvestin harvestin the intercrop
g g

T1- Banana + Colocasia 82.00 15.00 10.70 103.75
T2-Banana + Elephant Foot yam 150.75 1.50 13.90 6.260
T3-Banana+Arrowroot 140.75 16.00 16.40 252.2%
T4-Banana+Ginger 60.75 9.75 6.20 114.7%
T5=Banana + Mango ginger 74.25 8.25 7.60Q 238.25
T6-Banana+Turmeric 80.25 6.25 9.30 183.7%
T7-Control 0.00 0.00 0.00 0.00
SEM+ 26.19 2.51 2.86 155.38
CD 5% 77.78 (S) 7.45(S) 8.50(S 461.38(H)

Return from the intercrops (RS)

The return that is obtained from different intepsas presented in the Table

6. Highest return was obtained from arrowroot (&lhs) followed by 37.2 lakhs

from turmeric, 3.375 lakhs from Elephant foot yai#.48 lakhs from ginger, 2.28

lakhs from mango ginger and and 2.14 lakhs froroaadia during the trial.

Yield of banana and return from banana

The vyield of banana with different intercrops arhtcol is presented in the

table 6. It was found that highest yield of 30/0@twas obtained with colocasia followed
by 29.7 t/ha with elephant foot yam, 29.63 t/henengo ginger and also in control, 29.56
t/ha with turmeric, 29.26 t/ha arrow root. The retfrom banana was highest 4.45 lakhs
with colocasia, 4.4625 lakhs with elephant foot ydm445 lakhs with mango ginger and
control, 4.389 Lakhs with turmeric, 4.284 lakhshaginger during the trial.

Return over control (Rs)

The return from both banana and intercrops as coedga control is given in
table 6. It was seen as compared to income genkoatecontrol a return of 3.9875
lakhs was obtained from arrow root, 3.6645 lakiwenfrturmeric, 3.393 lakhs from
elephant foot yam, 2.298 lakhs from mango ginge3125 lakhs from ginger and

2.1955 from colocasia during the trial
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Table 6 Benefit :cost ratio of banana based intercroppingystem

Intercrop yield

Treatment Return from Yield of Return from | Total Return | Return over
(t/ha) intercrop (Rs.) |Banana (t/ha) banana (Rs.) (Rs) control (Rs.)
T1 |Bananat+ Colocasia 10.7 214000 30 450000 664000 55p19
T2 |Banana+ Elephant foot Yam 135 337500 29.75 2a62 783750 339300
T3 |Banana+ Arrowroot 16.4 410000 28.88 433200 88320 398750
T4 |Bananat+ Ginger 6.2 248000 28.56 428400 676400 1958
T5 [Banana+ Mango Ginger 7.6 228000 29.63 44445( 47?2 228000
T6 |Banana+ Turmeric 9.3 372000 29.26 438900 810900 366450
T7 |Control 29.63 444450 444450 0
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Cost of cultivation of intercrops

The cost of cultivation of intercrops are preseritethble 7. It was observed
that more or less around 1.152 lakhs cost of atitvm was recorded with elephant
foot yam and 1.05 lakhs was incurred for colocaaiegwroot, ginger, mango ginger

and turmeric during the trial period.

Cost of cultivation of banana

The cost of cultivation of banana is presentechanttble 7. It is observed that

around 2.487 lakhs was spend for raising a suctessp of banana for one hectare area.

Total cost of cultivation

The total cost of cultivation for both intercropsdabanana is presented in
table 7. It was observed from the data that higbest of cultivation was found with
Banana + Elephant foot yam (3.639 lakhs) followed asound 3.537 lakhs in
colocasia, arrowroot , ginger, mango- ginger anané&uic. But, in control when

banana was alone grown the total cost of cultivatvas around 2.487 lakhs/ hectare.

Gross return

The gross return from both intercrops and banarnadsented in table 7. It
was seen from the tabulated data that highest getssh of 8.432 lakhs was obtained
from Banana + Arrowroot. Rs.8.109 lakhs from BanarBurmeric Rs. 7.8375 from
Banana + Elephant Foot Yam, Rs. 6.764 lakhs fromaBa + Ginger, Rs. 6.7245
lakhs for Banana + Mango ginger, Rs. 6.64 lakhsnfidanana + Colocasia and

Rs.4.444 lakhs from banana alone.

Net profit

The net profit from both banana with intercrop dnrashana alone is presented
in table 7. It was found that highest net profitR¥.3.9875 lakhs was obtained from
Banana + Arrow root intercropping followed by R6&45 lakhs with Banana +
Turmeric, Rs.3.393 lakhs with Banana + Elephantt Ftam, Rs.2.3195 lakhs with
Banana + Ginger, Rs.2.28 lakhs with Banana + Mayigger, Rs.2.1955 lakhs with
Banana + Colocasia and Rs.1.9575 lakhs with baalame..
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Table 7 Economics of production per hectare for baana plus intercrop

Cost of Cost of .
Treatment cultivation of cultivation of thal cost of Net return Net profit (Rs) Beneﬁt.. Cost
. cultivation (Rs) (Rs) ratio
intercrop (Rs) banana (Rs)
Tl | Banana+ Colocasia 105000 248700 353700 664000 219550 1.87
T2 | Banana+ Elephant foo 115200 248700 363900 783750 339300 2.15
Yam
T3 Banana+ Arrowroot 105000 248700 353700 843200 398750 2.38
T4 | Banana+ Ginger 105000 248700 353700 676400 231950 1.91
T5 | Banana+ Mango 105000 248700 353700 672450 228000 1.9
Ginger
T6 | Banana+ Turmeric 105000 248700 353700 810900 366450 2.29
T7 248700 248700 444450 195750 1.78

Control
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Benefit:cost ratio

The benefit cost ratio during growing banana witteti crop and banana as
sole crop is given in table 7. It was observed thighest benefit: cost ratio of 2.38
was obtained with Banana + Arrowroot, followed b2 with Banana + Turmeric,
2.15 with Banana + Elephant Foot Yam, 1.19 with &an + Ginger, 1.90 with
Banana + Mango ginger, 1.87 with Banana + Colo¢dmiaithe lowest with banana

alone i.e;1.78 only
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DISCUSSION

The present investigation is intended to evalua¢eperformance of different
intercrops in newly planted banana (Champa) undaridh agroclimatic condition of
coastal Odisha with an intention to provide somkdvautput on intercropping of
different vegetables and spices during 2014-15. rEiselt of the present study on
yield and other parameters of intercrops and barsagigcussed in this chapter.

Yield and yield attributing characters of banana-

The height of banana along with girth of pseudostesmber of hands,
number of fingers and over all weight of the bumttbanana are more economical
characters deciding net return from a plantatibnvds seen from the observed data
that most of the economical characters of banadandt vary significantly due to
growing of intercrops. Banana received the norngiitland spacing and normal
cultural and management practices with proper waterd nutrient management
practices. The crop derived its nutrition from #o#l which was well spaced from the
intercrop for which there was no remarkable eftégantercrops on growth and yield
of banana during the present investigation. It wase or less observed that banana
performed better when intercrops are grown thanal®lant height was found to be
highest with banana+ginger and lowest with conlbial, was found to be more in
other treatments as compared to control. Planh gistobserved was more in most of
the cases as compared to control. Number of legale@s/, bunch weight and yield of
banana in tonnes/ha did not vary significantly aating that growing of shallow
rooted, partially shade loving intercrops on bandidganot significantly influence the
growth parameters but, over all most of the parameshowed slightly positive
influence. Increase in bunch weight and yield pedhbe to growing of intercrops had
been already reported by Nazrul 2007 who confirrtied intercropping system in
banana showed the highest benefit cost ratio (Zaadl)therefore, it might be more
economically viable than sole banana. Hipparagi @hthnappa 2008 supported to
the above findings that soyabean and redgram coeldaised successfully in the
interspaces of banana garden without affectingriaa crop. Soyabean and redgram
were proved to be ideal intercrops in banana gandeviding net income of
Rs.8,148.20 and Rs. 6,160.95 at 50% NPK level. Yepal & Sheela reported that
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productivity and income was enhanced in bananatyaNendran by modifying the
planting pattern and adopting intercropping. Indinal bunch weight didn’t register

any variation with planting pattern.

Increase in bunch weight and yield per hectaretdugrowing of inter crops
had been already reported by Chhundawat et al4j198yar and Suja (1996) and

Ghosh and Hore, 2011 in coconut.

Vegetative growth parameters of banana-

Number of suckers produced per plant, days takemgpearance of spadix,
days taken for emergence of bunch, number of hbadsh and number of fingers per
bunch are important characters in banana oveealtdhg the health and reproductive
characteristics of banana. Number of fingers perchuwas found significant and
other characters did not vary much in banana dukeeffect of intercrops. Number
of suckers per plant, days taken for appearancepaidix, days taken for emergence
of bunch, days taken for maturity of bunch and nendf hands per bunch which has
already been reported by Nayar and Suja 1996 wimdirceed that there was no
perceptible deletorious effect on growth and prodig of banana due to
intercropping with different genotypes of dioscor&@ercropping banana with Sree
Keerthi and Sree Priya was very profitable in congoa to farmers practice of sole

cropping of banana.

The present finding is in conformity with the fings of Behera and Dash
(2014), Paul et al. (2008), Baghel et al. (1986) Rao and Reid (1987).

Growth behaviours of intercrops-

Most of the growth characters of intercrops vaseghificantly for height of
intercrops, number of leaves at the time of hamgst yield of intercrops and
biomass production. This type growth behaviourus tb different type of intercrops
with different growth habit. Maximum height of imbeops was observed with
elephant foot yam and the minimum with ginger, neambf leaves was maximum
with arrow root and the minimum with elephant fgatm. Yield of intercrops was
highest in arrow root 16.40t/ha and the minimumhwgtnger i.e; 6.20 t/ha and the
maximum biomass was produced with elephant foot gaththe lowest with ginger.

It was observed that the growth of the intercropsrewnormal and the banana
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plantation did not get affected by the growth bebawof the intercrops. The present
findings is supported by the study of Jatal., 2009 who reported that 5000-9000
plants of elephant foot yam per hectare can beractmlated between the interspaces
of fruit and orchard crops and elephant foot yamoiscompeting for light as this crop
is able to tolerate shade. This study is again aueg by Girija Deviet al 2011 who
reported that Nendran banana, Elephant Foot Yamgegican be grown as suitable
intercrops in coconut garden in different combioasi . All these crops produced
significantly at par yields with their sole cropsdoconut garden and by adjusting the
plant population of intercrops remuneration frora toconut garden can be increased

sufficiently

The present findings is in conformity with thiedings of Singh et al.
(2001) in mango based intercropping, Sairam €L8P7) and Nazrul et al. (2007).

Cost and return in banana based cropping system-

The yield of individual intercrops, return from éntrops, yield of banana and
return from banana were calculated to get the tetarn from banana were calculated
to get the total return from banana intercroppsiygtem. The return over control
varied depending on the yield and rate of the espo@roducts of the intercrops. It
was observed that even though the yield of colacasis more as compared to ginger,
mango ginger and turmeric but, the return was nram@ ginger, mango ginger and
turmeric as the rate per kg of these products ares ithan that of colocasia. It was
observed that return from banana+arrow root wasenialowed by turmeric. By
considering the return from banana under diffetezdtments. It was found that total
return from banana+arrow root was more followe®layana+Turmeric and the least
was with banana alone. The similar trend was ab=erved for return over control.
The present finding give a better economic retwie@mpared to sole crop of banana
The present result also confirm with the findindgsSingh et al 1997 in coconut,
Singhet al 2001 under mango and Nazrul 2007 with Banana.

Economics of banana and intercrops-

From the experiment due to high rate and costaritplg materials the cost of
cultivation of elephant foot yam was more as cora@do other intercrops. Cost of

cultivation of both intercrops and banana was takenconsideration and the
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corresponding gross return and net return was dfaut during the experiment . It
was observed that as compared to control, a batrapawith varied combination of
intercrops is giving more return depending on vyieldd prevailing cost of the
produce. As compared to control where around Rakl2s was profit per hectare in
banana a two fold increase i.e; around Rs. 3.9&slalwas obtained with
banana+arrow root intercropping followed by turroeBy taking into consideration
the B:C ratio in the present experiment it can ®mectuded that banana+arrow root is
the best combination for more economic return aspaved to banana+turmeric and
banana+elephant foot yam intercropping than oth@itse present findings in
accordance with the report of Jain and Raut (2G04 Behera and Das (2013)
However, the result may vary with other varieti€banana and under different agro-
ecological and edaphic conditions which is alsoedamed from the findings of
Lenkaet al., 2005 who reported on feasibility and profitabildf intercropping with
groundnut, cowpea and pineapple in cashew plantaina revealed that these were
grown successfully as intercrops without affecting yield of main crop cashew. On
farm experiment was conducted at multi locatiortingssite, by Nazrul 2007 for
consecutive two years by taking four intercroppamgnbination viz. banana (sole),
banana + okra, banana + sweet gourd and bananget dourd were considered as
treatment variables. The result showed that thdndsg Banana equivalent yield
advantage (20%) than sole banana recorded fronnteecropping combination of
Banana + Sweet gourd. This intercropping systern slowed the highest benefit
cost ratio (2.41) and therefore, it might be mocer®mically viable than banana

alone.
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SUMMARY AND CONCLUSION

Indian Agriculture at present largely depends aermsive use of resources to
get more return. To make Agriculture Sustainable simould adopt practices that help
to maintain ecological equilibrium and encourageéura regenerative process of
nutrient enrichment and recycling, check soil emosand protect natural biodiversity.
Fruit crops are generally wide spaced and with rgg Igestation period. In such
situation there is every scope of soil erosion uridElitional method of tillage and
the inter spaces which can be economically utiliseklept fallow, So, intercrops in
fruit orchard not only check soil erosion, propeutytise soil, soil water nutrients and
light but also provide some additional income te gniowers. Banana is an important
commercial fruit crop in Odisha and is widely growduaring the present year after

implementation of National Horticulture Mission.

So, in the present study on “Intercroppirfgvegetables in Banandavi(sa
spp.)” an attempt has been taken to evaluate the pedoce of different intercrops
like Colocasia, Elephant Foot Yam, Arrow Root, GingMlango ginger and Turmeric
under newly planted banana (Champa) Plantatiomgu2D14-15 under AICRP on
banana at Horticulture Research Station, Bhubarresite trial was conducted in
RBD with seven treatments and four replication. Tém®mperature, RH, rainfall and
sunshine hours were recorded during the period rapdrted under materials and
method. Banana was planted at a spacing of 2m xT2ma.selected good quality
suckers were planted in pit at a distance of 455xx445 cni following other
recommended cultural practices. All the intercrapsre grown following normal
recommended nutrient management practices. Diffeyssdd and yield attributing
characters of both banana and intercrops were t@ikeng the course of investigation

which is summarised below.

1) The height of banana plant varied between 266.18caontrol to highest in

283.1cm with banana+ginger intercropping.

2) The girth of banana plant ranged between 54.05coomirol to 65.50cm with

banana+arrow root intercropping.
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3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

Number of leaves per plant ranged from 9.88 in mmdnto 10.93 with

banana+colocasia followed by 10.73 with banana-aging

Bunch weight of banana varied from 11.43kg with &emtginger and the
highest was with banana+colocasia 12.00kg . Buneighw of 11.85 kg was

recorded in control.

Yield of banana per hectare ranged from 28.56t/tla manana+arrow root to
30.00 t/ha with banana+colocasia and 29.63 t/lt@inrol.

Plant height, plant girth, number of leaves penplaunch weight and yield in

t/ha did not vary significantly during the obsergas.

Number of suckers ranged from 6.10 to 7.10 in batsmercrop but it was
only 7.10 in control.

Days taken for appearance of spadix varied from .®@b5days in
banana+elephant foot yam intercropping to 267.28 wianana+turmeric

intercropping.

Days taken for emergence of the bunch varied fro®5@® with
banana+colocasia and bananatelephant foot yam a8d0 2 with

banana+ginger.

Number of hands per bunch varied from 9.05 in @nto 10.28 with
banana+arrow root intercropping control to lowest29.8B5 with
banana+elephant foot yam.

Number of fingers per bunch ranged from 155.38adntml to lowest 129.35

with banana+elephant foot yam.

The height of intercrops 60.75cm in ginger, 74r@5@ith mango ginger,
80.25cm with turmeric, 82.00cm with colocasia, ¥#0with arrow root and

150.75cm with elephant foot yam.

Number of leaves of intercrop varied from 1.50 liepbant foot yam to 16.00

in arrow root
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14) Yield of intercrop was 13.90 t/ha in elephant tfg@am, 10.70 t/ha in
colocasia, 9.30 t/ha in turmeric, 7.60 t/ha witmg@ginger and 6.20t/ha with

ginger.

15) Biomass production per plant was 2606.25 g in elapfoot yam, 252.25¢ in
arrow root, 238.25g in mango ginger, 183.75g withmeeric, 114.75g with

ginger and 103.75with colocasia.

16) Returns from intercrops alone was highest fromvarroot Rs.4,10,000.00
followed by Rs. 3,72,000 with turmeric and the Iswvevas with colocasia
Rs.2,14,000.00 .

17) Total return from bananat+arrow root was Rs.8,43,2@@llowed by Rs.
8,10,900 in banana +elephant foot yam and the lowdgh control
Rs.4,44,450.00

18) The highest B:C ratio of 2.38 was found with baaearrow root followed by
2.29 with banana+turmeric and 2.15 with banana+telep foot yam and

lowest with control 1.78 only.

Conclusions-

The present experiment entitled “Intercropping efetables in Banan#(sa
spp.) was carried out under AICRP on banana at Hotticell Research Station,
Bhubaneswar during 2014-15 with banana (Champagtyaalong with different
intercrops like Colocasia, Elephant Foot Yam, Armmwet, Ginger, Mango ginger and
Turmeric revealed that highest net return of R88350.00 (B:C ratio 2.38) can be
obtained from banana+arrow root intercropping fed by Rs. 3,66,450.00 (B:C
ratio 2.29) with banana +turmeric intercroppingd &s. 3,39,000.00 (B:C ratio 2.15)
and the lowest in control Rs. 1,95,750.00 (B:Cordli78) under coastal humid
agroclimatic condition of Bhubaneswar.
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