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ABSTRACT

Banana plantains are grown as staple food, significant cash crops and major export crops in many tropical and
subtropical countries. The objective of this study was to assess in vitro regeneration response of Poovan and
Monthan varieties of banana using low cost macronutrients source to reduce the cost of micro-propagule
production. The five MS conventional macronutrients;viz, ammonium nitrate, potassium nitrate, calcium chloride,
magnesium sulphate, and potassium hydrogen phosphate were substituted to the locally available urea fertilizer,
potassium fertilizer, cal rich, magnesium sulphate fertiliser and trio powder respectively. The result show that the
sword suckers banana shoots and roots compared to conventional medium significant differences (p>00.5). The use
of locally available macronutrients significantly (p<0.05) reduced the cost of micropropagation of banana. The
Poovan performed better the highly shoots and roots produced and compared to Monthan. There was 72.4 %
savingsin the cost of the macronutrients used in media preparation.
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INTRODUCTION

Banana is the fourth most important food crop ia World as well as in India [4]. It is a staple doand export
commodity. It contributes to the food security ofllimns of people in the developing world and, wheaded in
local markets, provides income and employment talppopulations. India is a leading country in therld from

the perspective of banana production. India isgelst producer of banana and plantain with an dmproduction of
16.91 tonnes from 490 700 hectares, and accourit8%o of total world production. Micropropagation iarvitro

techniques were established for fast multiplicatadrbananas [19]. Commercial production of micrgagated
bananas is now common in many countries and istisnated that 25 million plants are produced woittweach
year.

In many developing countries, the establishment ebfacilities and unit production cost of micropagated plants
is high and often the return on investment is mopprtional to the economic potential advantagtheftechnology
[16]. Micropropagation of banana is highly efficieallowing a large turnover of plants in a verypdhperiod of

time within very little space [2, 3].

Although conventional plant tissue culture has bepplied for decades, the high cost of tissue proiu is a

drawback for laboratories with limited resourcespexially in the developing countries. One of thestimportant

factors governing thén vitro shoots regeneration is largely determined by thapmsition of the culture medium
[14].The basic MS nutrients [11] are the most wydesed media. However, the cost of tissue-cultaget plant

propagation is high in the developing countriegréfore there is a need to develop low cost micpagation

protocol to lower the cost of micropropagule to ldaaaccessibility of tissue cultured planting mateto farmers

[15].
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The shoot multiplication rate obtained in the loastcoptions was not less when compared to the atheitro

multiplication trails. [5] Used tap water, commeaicgrade sugar and reduced the salt componentedium for
banana plantlet production and achieved a maximashreduction of 31.2 %. Use of the media, cultessel and
low cost substitutes for mass propagation was sstakin several other species [17, 18 , 9 ,8,]13,7

In the present study was to evaluiat®itro regeneration of banana varieties using low costromatdrients to reduce
the cost of micropropagation.

MATERIALS AND METHODS

Collection of Plant Materials
Two banana varieties, Poovan and Monthan swordesaakere used as a source of plants material.

Culture Media Preparation

The preparation of the media for banana tissueiaikty Modified Murashige and Skoog (MMS) media wasd in
this study(Table 1). In this conventional MS macronutrients ammoniltrate, potassium nitrate, calcium chloride,
magnesium sulphate, and potassium dihydrogen phtsplere substituted by low cost macronutrientshasvn in
(Table 1). While the other nutrients are retained the sanke @onventional MS macronutrients were used as
control. The pH of all the media was adjusted ®efore adding the gelling agent agar. The mediee sterilized

at the temperature of 121°C for 15 minutes.

Table 1: Conventional macronutrient and correspondng low cost macronutrient substituted

Conventional | CM medium Low cost LCM medium
macronutrient mg/| Macronutrient mg/|
NH4NO3 1650 Urea fertilizer 20
KNO3 1900 Potassium fertilizer 2.0
CaCl2 440 Cal rich 6.6
MgSO4 370 Magnesium sulphate fertilisgr 10.6
KH2PO4 170 Trio powder 1.0
Total 4530 Total 40.2

Preparation and Sterilization of Banana sword suckes

The sword suckers with medium size were carefdipoved from field grown banana plant. The oldetspaere
excised with stainless steel knife. The shoot &épsut 3-4 cm length were excised. They were washaeughly
with a solution of Tween - 20. (2-3 drops in 500 wdter). All traces were removed by repeated waghimder
running tap water for 4-5 times and finally witlstilied water. These shoot tips were treated withp&rcent HgCI2
Solution for 10 minutes. The shoot tips were ringéth sterile distilled water under aseptic corutis.

Plant regeneration

The shoot tips of two varieties were cultured iatgolidified medium supplemented with 3 % tableasuand 2.0
mg/l BAP for shoot induction. The cultures wereubated in a growth chamber at a temperature of Z7Hith a
light intensity of 1000 lux provided by cool whifiorescent lamp with a photoperiod of 16/8h (dayt). The
number of leaves and shoots formed were recorded fafe weeks of culture. The initiation of rooigs carried
out in a Modified MS media containing half strengtlitrients.

Acclimatization

Thein vitro regenerated plantlets with well-developed shoot eval leaf systems were removed from the culture
bottles and washed in running tap water to rembeenutrient media to avoid root fungal attack. plentlets were
transplanted onto pots containing a mixture of fiesks and red soil. The pots were covered withsparent
polythene sheets and the plants were watered fomteeks for acclimatization. The plants were tlamgplanted
into polythene bags containing a mixture of red aoid manure in a ratio 1:2:1. The survival peragatof the
plants during hardening was recorded to assessutteess of using alternative resources.

RESULTS AND DISCUSSION

Cost Efficiency

Cost savings of 79.1 % was recorded when uredifertivas used as a source of macronutrient. Silypilaost
saving of 67.2 % potassium fertilizer, 65.2% cahri73.8% magnesium sulphate fertiliser and 55.566&6powder
was recorded when were used as alternative soufceicronutrient respectively. Overall substituticof
conventional macronutrients with low cost locallwadable macronutrients reduced the overall cost of
micropropagation of banana by 72.4(¥able 2).
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Table 2: Cost efficiency of conventional macronutents compared with low cost Macronutrients

Conventional Substitute to the Conventional MS Costin (Rs.)
macronutrient Low cost macronutrient medium mg/l cost in Low cost Medium % of Cost
(CM™m) (LM) Rupees ( CM) mg/l cost in Rupees (LM)| saving
Ammonium Nitrate (NHANOS) o, fortijizer 7.2 1.50 79.1
Potassium Nitrate (KNO3) | 50 ocium fertilizer 11 0.36 67.2
Calcium Chloride (CaCl2) Cal rich 19 0.66 65.2
'\P/Ioatgar;EisL:Lriquialr%};tr? (MgSO4) Magnesium sulphate fertilisgr 1.3 0.34 73.8
Phosphate (KH2P0O4) Trio powder 1.8 0.80 55.5
Total cost 13.3 3.66 72.4

Q) ®)

© ©)
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Figure 1: Regeneration response of banana veritiem different media. A. Poovan plants on the mediurnontaining conventional
macronutrient (urea fertilizer); B. Poovan plants an the medium containing low cost conventional macrutrient; C. Monthan plants on
the medium containing conventional macronutrient; D Monthan plants on the medium containing low costonventional macronutrient

(urea fertilizer); .E, Root induction in modified MS media. F,In vitro regenerated banana plantlets in the greenhouse

Regeneration Response of Banana Varieties

Poovan and Monthan varieties regenerated from sveomickers cuttings in both conventional and low cost
macronutrients. The two varieties was recordedvie-éxperimental set in term of shoots and rootmém between
the low cost and conventional macronutrient sou(Eas 1A-D).
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There were significantly higher number of shootd esots formed in both poovan and monthan in medigaining
low cost urea fertilizer compared to media with wemtional NHANO3(Table 3). Significant differences were not
detected (p > 0.05) on the number of shoots ants foomed in both poovan and monthan in media c¢oimig low
cost potassium fertilizer compared with media comtg conventional KNO3 (Table 4).
Significant differences were not detected (p > P@%the number of shoots and roots formed in Ipothvan and
monthan in media containing low cost calrich comsplawith media containing conventional Ca(Pable 5).
Significantly number of shoots and roots formedbiosth poovan and monthan in media containing lowt cos
magnesium sulphate fertiliser compared to medid winventional MgSO4Table 6). Significantly humber of

shoots and roots formed in both poovan and monihamedia containing low cost trio powder comparedriedia
with conventional KH2PO4{Table 7).

The Mean number of shoots and roots formed on MM&liancontaining all the low cost macronutrients and
conventional MS macronutrients culture of bananardveuckers. Poovan had significantly (p < 0.0ghhiumber
of shoots and roots overall compared with Montfigable 8).

Roots were formed in the same media used for regioe when the cultures were left for one montd Aad no
sub-roots in all the banana varieties tested. Hewewot induction in Modified MS media containingSvhutrients

formed sub-roots which grew vigorously (Fig. 1Hh vitro regenerated banana plantlets were successfully
transferred into the soil in the greenhouse (FH). 1

Table 3: Mean number of shoots and roots formed oMMS media containing Urea fertilizer and conventioral NH4ANO3 on 5th week
culture of banana sword suckers

No. of shoots & roots

Parameter  Variety Conventiddeda fertilizer Mean
NH4NO3 salt

Number of Poovan 6.40 £0.26 4.95+0.38 5.68+0.53

shoots Monthan 5.50 £0.20 3.95+0.30 4.73+0.32

Number of Poovan 5.30+0.43 5.35+0.49 5.33+0.62

roots Monthan 4.15+0.37 5.55+0.63 4.35+£0.42

Table 4: Mean number of shoots and roots formed oMMS media containing Potassium fertilizer and conentional KNO3 on 5th week
culture of banana sword suckers
No. of shoots & roots

Parameter Variety Cemional Potassium fertilizer Mean
KNO3salt

Number of Poovan 4.30 £0.21 5.05+0.30 4.73+0.52

shoots Monthan 3.15+£0.18 4.2040.22 3.68+0.62

Number of Poovan 4,15+0.12 4.55+0.18 4.35+0.28

roots Monthan 2.90+1.30 2.50+0.26 2.70+0.22

Table 5: Mean number of shoots and roots formed oMMS media containing Cal rich and conventional CaC2 on 5th week culture of
banana sword suckers

No. of shoots & roots

Parameter Variety Camtional Cal rich e
CaCl2 salt
Number of Poovan 4.60 £0.29 4.90+0.33 4.75+0.32
shoots Monthan 3.63 £0.23 3.80%0.42 3.7240.54
Number of Poovan 4.25+0.47 4.89+0.23 4.57+0.26
roots Monthan 3.82+0.82 2.08+0.20 2.95+0.92

Table 6: Mean number of shoots and roots formed oMMS media containing Magnesium sulphate fertiliserand conventional MgSO4
on 5th week culture of banana sword suckers

No. of shoots & roots

Parameter Variety ~ Conventional Magnesium sulphate Mean
MgS0O4 fertiliser
Number of Poovan 6.20+0.93 4.98+0.68 5.59+0.54
shoots Monthan 5.30+0.42 4.25+0.49 4.77+0.33
Number of Poovan 6.10+1.04 4.75+0.22 5.42+0.96
roots Monthan 4.22+0.68 3.25+0.88 3.75+0.42
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Table 7: Mean number of shoots and roots formed oMMS media containing Trio powder and conventional KH2PO4 on 5th week
culture of banana sword suckers.

No. of shoots & roots

Parameter Variety n@entional Trio powder Mean
KH2PO4

Number of Poovan 4,70 £0.44 4.30+0.51 4.5040.62

shoots Monthan 3.63 £0.26 3.80+0.49 3.72+0.52

Number of Poovan 4.60+£0.22 4.22+0.12 4.41+0.64

roots Monthan 3.78+0.28 3.98+0.18 3.88+0.22

Table 8 : Mean number of shoots and roots formed oMMS media containing all the low cost macronutriets (urea fertilizer, potassium
fertilizer, cal rich, magnesium sulphate fertiliserand trio powder ) and conventional MS macronutrierts on 5th week culture of banana
sword suckers.

Bananan Number of Shoots Number of Roots
Var (Mean+SD (Mean+SD
' CM™ LCM Mean CM LCM Mean

Poovan | 6.20+0.24| 5.60+0.22| 5.90+0.22| 5.82+0.24| 5.22+0.92| 5.52+0.58
Monthan | 5.20+0.68| 4.80+0.25| 5.01+0.46| 4.80+0.62| 5.10+0.24| 4.95+0.43

In this study the cost of medium reduced when |l@st anacronutrients source were ugé@dble 2). This is in

agreement with the findings by [6]. in which thest was reduced by. 96.2 %, 93.1 % and 95.0 % c&sply

when low cost macronutrients (ammonium fertilizZépsom salt and potassium fertilizer) were usechanih the
initiation and multiplication of banana plants. Acding to [12]. The use of ammonium quarry salts&p salt and
potassium fertilizer in the regeneration of cass@daiced the cost of macronutrients by 96.2 %, 934nhd 94.9 %
respectively.

The banana sword suckers Poovan had the best ragjenaesponse due to the higher number of sharudsroots
formed compared to Monthgfable 8). [6], developed a low cost protocol for micropropiéma of local banana
(Musa spp.) in Kenya. They used locally available fertiligeas a substitute of micronutrients [10] developdaw
cost medium by replacing conventional sources ofrddbnige and Skoog (MS) salts with Easygro vegetativ
fertilizer containing both macro and micronutrientsvo grams of the fertilizer were supplementedhvd0g/l of
table sugar and 9g/l of agar fiorvitro banana regeneration.

A low cost medium was developed forin vitro microprogation of dassava) by
[15]. Hydro Agri's fertilizer was used as a suhgtit for Murashige and Skoog macro and micronusiefi].
investigated on cost effective and economicallyaglee alternatives to MS salts, agar and sucroséowncost
media, tapioca was used as a substitute for aghcame sugar in place of sucrose due to easy hiliylaand low
cost. Calcium ammonium nitrate (6.6gm/l) and swgere (30g/l) were used in place of MS salts.

Commercially available macronutrients occurringtia form of some locally fertiliser has also besrdipreviously
successfully as an alternative resourcdriafitro micropropagation banana.

CONCLUSION

This research has shown that it is possible toaedue cost of plantlet production during tissultuca. This can be
achieved through the use of alternative sourcel8l®fnutrients that are available locally. The lowsttaedium
evaluated here can be adopted easily in the primtuct banana planting material. This will conseafiyelower the
cost of the micro-propagation. However, furtheregesh is needed to verify different fertilizeresffs onin vitro
banana propagation, subsequent acclimatizatioryigidiand its quality.
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