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INTRODUCTION




I INTRODUCTION

Banana is one of the important fruit crops in International trade and is grown in all
tropical and subtropical regions of the world. The total production is estimated to be
76.40 m. tonnes (Anon., 1992). It ranks third in importance among the fruits of the
world and is consumed all over the world. It is rather a staple food in many African
countries.

Though, India inherits immense wealth of banana germplasm, it is still the second
most important fruit crop of the country both in area and in production, accounting for
nearly 12 per cent (40 lakh ha) of the total area under fruit crops and for over 30 per
cent (10.4 m. tonnes) of the total fruit production. In spite of being one of the largest
producer of banana the export of bananas is very meager accounting to Rs. 4.48
million during 1993-94 (Chadha, 1995).

Conventional clonal multiplication of banana, which is through suckers is seriously
limited by its low rate of multiplication which ranges between 5-10 per year (Vuylsteke
and De Langhe, 1985). Apart from the slow rate of sucker production, multiplication
by suckers also encourages the spread of many pathogens which results in a significant
loss of productivity (Cronauer and Krikorian, 1937). Bananas are susceptible to a
broad range of discases like Panama wilt, Sigatoka leaf spot, cucumber mosaic virus,
bunchy top virus and root burrowing nematodes.

The main advantages of in vitro propagation techniques are rapid multiplication of
plants with known desirable characters, free from pests and diseases, high survival rate
during field establishment, vigorous growth, retention of healthy leaves, uniform

flowering, shortened harvesting period and higher yields.



The successful regeneration of shoots and/or multiple shoots, plantlet formation of
different cultivars of banana belonging to different genomic groups in vitro have been
reported by several research workers (Doreswamy et al., 1983; Laxmikanth and
Nataraja, 1988). The in vitro establishment of shoot tips and morphogenesis appears
to be profoundly influenced by genotype than by any other factors. Therefore, media
composition and cultural environment often need to be varied from one species to the
other. Even, closely related varicties differ in their requirement for optimum and
quicker morphogenetic response (Krikorian, 1989).

According to Cronauer and Krikorian (1986), variations in 7z vitro establishment of
shoot tip culture of banana can be due to differences in vigor, cell division activities and
apical dominance in different genomic groups. However, only a limited number of
banana cultivars have been tried for in vitro multiplication. Information on
multiplication rates, behaviour of tissue cultured banana plants in the field and its
performance, varietal response to tissue culture is very scanty.

Banana being a gross feeder, requires high amount of nutrients for proper growth
and production. It is estimated that a crop of fifty tonnes of banana in one hectare
removes 320 kg N, 32 kg P,Os and 925 kg K,O cvery year (Lahav and Tumer, 1983).

As such, banana crop requires more of nitrogen and potash for its growth and
production compared to phosphorus. It is estimated that the expenditure on fertilizers
alone amounts to 25 to 30 per cent of the total cost of production. Hence, to ensure
high yield of quality banana judicious and timely application of adequate nutrients is of

paramount importance.
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Nitrogen being a chief promoter of growth, its supply largely affects the growth and
fruiting through controlling the utilization of carbohydrates (Claypool, 1936).
Deficiency of nitrogen in the initial stages of growth results in poor meristem
development, and ultimately in lower yields. A total deficiency of nitrogen would
seriously impair growth beyond flowering stage (Charpentier and Martin-Prevel, 1965).

Indian soils are generally known for their high potassium content (Joseph, 1969).
In spite of it, banana requires high amount of potassium mainly to maintain adequate
fertility in the soil as potash does not move ecasily in the soil. Potassium plays an
important role in all metabolic activitics, improves quality and shelf life of fruits and
helps the plant to tolerate adverse effects of drought, pests and diseases (FHuber, 1985;
Mengel, 1985). The potassium status of the plant during floral initiation and
subscquent floral differentiation contributes to overall bunch development
(Alexandrowicze, 1955; and Obicfuna, 1984).

Adequate information on banana nutrition can be found in the literature, but most
of this concerns plants raised from suckers. Very little or no information can be found
on the growth dynamics, culture and nutrition of banana plants obtained through tissuc
culture. The frequency of application and the amount of fertilizer has to be modified
for tissue cultured banana compared to suckers as the former have a well developed
root system. This clearly highlights the need for research on these aspects and is
expected to provide vital information of practical benefit to banana growers. With this

background, a study was taken to standardize in vitro propagation of Grande Naine
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cultivar of banana and its nutrient requirement in the field for higher yields of superior

quality fruits, with the following specific objectives.

1. To standardize the culture media and growing conditions for propagation of
Grande Naine cultivar under in vitro conditions.

2. To develop hardening techniques for in vifro propagated banana plantlets.

3. To study the influence of varying levels of N and K on growth dynamics,
yicld and quality of fruits.

4, To study the influence of nutrients on dry matter accumulation, its
distribution, total nutrient uptake and benefit-cost ratio.
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II REVIEW OF LITERATURE

The available literature on propagation on banana through tissue culture and the
nutritional requirements of tissue cultured banana is presented in this chapter.
2.1  Tissue culture studies

2.2 Nutritional studies

2.1 Tissue culture studies
2.1.1 Role of tissue culture in banana

The commercial application of tissue culture techniques for vegetative propagation
of cultivated plants started more than 20 years ago. Conventional plant perpetuation has
been replaced by large scale micro propagation in various horticultural crops. The
primary objectives are higher productivity, elimination of pathogens, rapid and large
scale multiplication of  identical plants and cloning of hybrids, sclected
individuals/mutants and of parent plants for F1 hybrid seed production, sclection of
somaclonal variants and induced variants, and preservation of germplasm for long term
storage. The clonal propagation provided a true-to-type large scale production of
selected hybrids, only by culturing explanted organs or small fragments of tissue or
single cells under in vitro conditions. Currently, 180-200 million plants are produced
worldwide every year through micropropagation (Reuther, 1990).

Commercial micropropagation is based on separate shoot and root generation

system. The physiological state of the donor plants, culture conditions, greenhouse and



field growth are of high relevance to microplant production. The influence of light and
temperature, nutrition conditions and of the developmental stage of the donor plants on
the survival rate of the primary explants and their regeneration potential are important
factors for micro plant propagation.  The limiting factor for commercial
micropropagation is the difficulty in establishing various crops in the greenhouse. /n
vitro plantlets reveal morphological, anatomical and physiological aberration hke
vitrification, which is characterized by an abnormally high water content of the leaf and
stem tissues, reduced epicuticular wax formation and a disturbed mechanism of
stomatal movement. The low survival rate of vitrified plantlets is duc to the reduced
lignification of the shoot, twisted and chlorotic leaves and uncontrofled water release.
The water vapour saturation and the accumulation of cthylenc and CO, in the
atmosphere of densely sealed containers are considered to be responsible for these
aberrations (Morel and Martin, 1952; Morel, 1960; Murashige, 1974; Litz, 1984;
1985).

Multiplication of banana is usually by vegetative means through buds, suckers,
portion of corm or bits, since, the edible clones of banana are parthenogenetic and
hence seedless or seed sterile. Sword suckers are most desirable, although, they
frequently carry pathogens and pests, especially nematodes, such as Radopholus
similis, the borer, Cosmopolites sordides, Race 4 of Fusarium axysporum f.sp.
cubense and viruses such as cucumber mosaic virus (CMV) and bunchy top. Apart
from these, they have lower survival rate, are less vigorous and non-uniform in growth,
which result in loss of productivity (Vuylsteke and De Langhe, 1985). Although the

conventional methods of vegetative propagation in banana have reached commercial



acceptability, for want of better alternatives, tissue culture techniques have been shown

to have definite and indispensable advantages over the former. Also, an increased area

under banana cultivation has increased the demand for planting materials. Tissue

culture ensures an extremely rapid rate of multiplication of discase free plants. The

main advantages of in vitro propagation techniques for banana as reported by many

workers are as follows:

1. The plants can be rap:dly multiplied from a mother plant of known desirable
characters.

2. Plantiets show high survival rate during field establishment.

3. Plantlets are cheaper and easier to propagate and also to transport.

4. Plants are more uniform in height and retain more healthy leaves.

5. Plants exhibit more vigorous growth and high fruit yields.

6. Plants are uniform in flowering with a short harvesting period.

7. Plants are free from pests and diseases.

2.12 Feasibility and methods of in vifro micropropagation
techniques in Musa
Banana and plantain improvement through in vitro techniques provide wider scope
to overcome the various problems faced. Shoot tip or meristem culture plays a vital
role in facilitating rapid multiplication of the desired clones. Damasco and Barba
(1985) reported that in Saba banana (BBB), an average of ten new shoots per
subculture were regenerated from shoot tip culture at two month intervals. An increase

in multiplication from one sucker to two lakh plantlets in ten months was projected,



assuming 80 per cent survival. The plants rooted casily in vitro and readily survived
when transplanted to field. A maximum multiplication rate was obtained in vitro in
Dwarf cavendish and plantain cv. Agbagba, producing more than 45,000 and ten lakh
plants per year with an average proliferation rate of 3.5 and 15 tips per plant,
respectively. After the first successful "Shoot tip culture™ attempt in Musa by Ma and
Shii (1972 and 1974), De Guzman et al.(1980), Doreswamy et al. (1983) Cronauer
and Krikorian (1984a, 1986 and 1988), Jarret et al. (1985a) and Banerjee et al.
(1986b) have all reported success in shoot-tip and /or meristem-tip culture techniques
and have developed aseptic culture procedures in a wide variety of banana and plantain
cultivars. Further, there are reports on successful callus/cell/protoplast culture
(Cronauer and Kirikorian 1986), embryo culture (Cox et al., 1960) inflorescence tip
culture (Cronauer and Krikorian, 1985; Banerjee et al., 19868, Doreswamy and
Sahijram, 1989) and somatic embryogenesis (Jarret ef a/ 1985a; Rao et al., 1982
Novak et al., 1987, Escalant and Teigson, 1988) of banana; these techniques, however,

are mostly useful in crop improvement programmes.

2.1.2.1  Shoot-tip culture

The apical meristem and/or shoot-tip culture technique offers an efficient tool for
rapid clonal micropropagation and large scale production of pathogen free plant
material. A meristem culture technique first developed by Ma and Shii (1972) and
Doreswamy et al. (1983) suggested that decapitation of terminal buds was necessary to
release the axillary buds from apical dominance used for initiating lateral shoot

proliferation. Ma and Shii (1972) opined that shoot proliferation was dependent on the



proliferation. Ma and Shii (1972) opined that shoot proliferation was dependent on the
presence of 340 mg/l adenine sulphate, 2.0 mg KI1 and 100 mg/l of tyrosine/l in the
medium. A high rate of shoot proliferation can also be obtained in liquid cultures even
in the absence of growth regulators. Ma and Shii (1974) and De Guzman ef al. (1980)
demonstrated that rapid proliferation rates were dependent on a high concentration of
cytokinins (15 % coconut water (CW) and 5.5 mg/L. BA). Doreswamy ef al. (1983)
cultured axillary buds on MS medium containing 15% CW and 10.00 mg/1 BA.

Krikorian and Cronauer (1984) and Cronauer and Krikorian (1984a) also used similar
medium. The rooting of regenerated plants has been reported to occur on medium
containing 5 mg/l of IBA with 0.25% (W/V) activated charcoal. Subsequently, several
rescarch workers from various parts of the world have reported success in
shoot/meristem-tip culture technique in a number of cultivars of bananas and plantains

which further helped in standardization of in vitro micropropagation procedures. A
study conducted by Banerjee and De Langhe (1985) revealed a high proliferation rate
in the variety Asamiensa(24.4) followed by Bluggoe (BBB)(20.4), Silk (AAB) (16.00)
and a low rate in Dwarf Cavendish (AAA) (9.4). The cultivar Saba (AAA) recorded
proliferation rate of 31.1 (Jarret et al,1985a). The experiment conducted by
Vuylsteke and De Langhe (1985) indicated proliferation rates of 19.5, 17.4, 16.7, and
5.7 with Jackson Agbagba, French Sambre of AAB genome and Zizi of BBB genome,
respectively. Among the cultivars studied by Wong (1986) cv. Mysore (AAB), IC-2
(AAAA) and Lacatan (AAA) showed proliferation rates of 6.6, 3.3 and 2.6,
respectively, in shoot tip culture. Zamora et al. (1986) recorded a proliferation rate of

3.00 with Genome (ABB) of Cv.Cardada in shoot tip culture. In the studies carried

9
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out by Shanmugavelu et al. (1987), proliferation rates of 7.35 and 5.70 in genomes cv.

Matti (AA) and Genome (AAB) cv. hybrid CO-1 through shoot tip culture were

observed.

2.1.2.2  Inflorescence tip culture

Ma et al. (1978) from Taiwan were the first to report on the induced reversion of
floral apices to vegetative shoots in banana (Musa cavendishi Lamb). Further,
Cronauer and Krikorian (1985, 1988) and Bakry (1985) have also reported induction
of vegetative shoots from floral apices in Grande Naine and Poyo 901 of Cavendish
group, respectively. Jarret (1986) and Cronauer and Krikorian (1985) reported that
isolated terminal indeterminate floral apices of Dwarf Cavendish could be induced to

reinitiate into vegetative growth mode directly without the formation of callus.

2.1.2.3  CelUCallus/Protoplast culture:

Mohan Ram and Steward (1964), De Guzman et al. (1980), Vuylsteke and De
Langhe (1985), Banerjee ef al. (1986a) and Cronauer and Krikorian (1988) have all
reported the induction of callus in banana. Similar observations were reported by Rao
et al. (1982), Cronauer and Krikorian (1985), Jarret ef al. (1985a) and Banerjee et al.
(1986b). However, difficulty in maintenance of proliferating callus has been a major
constraint. Chen and Ku (1985), Matsumoto (1986); Fitchet (1987); Cronauer and
Krikorian 1987); Hwang and Chi (1988) observed adventitious shoot production from

calloid of triploid desert banana "Highgate". The cell/callus/protoplast cultures are very
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useful in breeding and recombinant technology , but not exploited for commercial

propagation in banana.

2.1.2.4  Somatic embryogenesis

Rao et al. (1982) reported the occurrence of pro-embryo like structures in callus
derived from floral apices of banana cultured in the presence of 2,4,5-trichloro
phenoxy acetic acid. Cronauer and Krikorian (1983) reported the occurrence of
somatic embryos from callus in liquid medium. Jarret ef al. (1985a), however,
suggested that the mature structures observed were roots and not embryos. Banerjee
et al. (1986a) obtained pro- embryos when thin layers of meristamatic tissuc excised
from proliferating shoot tips were cultured in liquid MS medium supplemented with
2,4,5-T. Cronauer and Krikorian (1988) reported the production of calloid structures
and regeneration of adventitious shoof-tips. Sannasgala et al. (1987) also reported

mass production of proembryo-like structures in Musa [ABB] Cv.Bluggoe.

2.1.2.5 Embryo culture
In vitro culture of M. balbisiana embryo was reported by Cox et al. (1960). Intact
seceds were surface sterilized, embryos dissected, and cultured. Rowe and Richardson

(1975) reported upto 50 per cent germination of excised banana embryos.
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2.1.2.6  In vitro germplasm storage:

In vitro methods are assuming an increasingly important role in the conservation of
plant genetic resources, particularly for clonally propagated material, and for species
which are difficult to conserve as seeds. Conventional germplasm conservation of a
vegetatively propagated crop like Musa is replete with many problems (De Langhe,
1984). The use of shoot tip culture techmiques to maintain such collections has
considerable advantage. /n vitro cultures occupy a relatively small amount of space and
they are suitable for international exchange of germplasm.

Recently, a general method has been described for the establishment of a
regenerable embryogenic cell suspension from proliferating meristems (Dhed'a et al,,
1991), and has been successfully applied to scveral genetically distinct cultivars.
Protoplasts have also been isolated from embryogenic cell suspensions and plants have
been regenerated through somatic embryogenesis at high ﬁ'equency.(Pa:ﬁs et al.,

1993).

2.13 Stages in in vifro clonal micropropagation of Musa
2.1.3.1. Type of explant

The type of explant, its size, and the manner in which it is cultured, can all affect
the initiation of cultures and further morphogenetic responses (Murashige, 1974).
There is an optimum size for explants used for initiating cultures. Very small size of
explants, whether they are shoot or meristem or tip fragments of whole plant tissues or
picces of callus, do not survive well in culture. Similarly, large explants may be

difficult to easily manipulate and decontaminate effectively. When the tissues are cut,
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difficult to easily manipulate and decontaminate effectively. When the tissues are cut,

the cut surface turns brown due to oxidation of polyphenols into quinones which
equally damage the cells and affect the survival of explants in vitro. The uptake of
mineral salts by cultured plant tissues is likely to vary according to the size of explant

irrespective of the solid or liquid media (George and Sherrington, 1984).

2.1.3.2  Use of growth regulators:

Selection of appropriate combinations of plant growth regulators is the most
important aspect in developing a successful protocol for tissue culture. Ma and Shii
(1972) observed the beneficial effects of adenine sulphate in shoot proliferation of
banana cultures when added to Smith and Murashige's (1970) basal media. De
Guzman et al. (1980) reported that high proliferation rates in banana depends on a
high concentration of cytokinins and coconut water. The inclusion of cytokinins and
auxins are essential for proliferation of cultures (Banerjee and De Langhe, 1985). For
Musa shoot tip culture, only cytokinins and auxins are required for inducing
proliferation of shoots (Doreswamy ef al., 1983). The most commonly used auxins are
JIAA, NAA and IBA. Obviously, BA is the cytokinin of choice for induction of shoot
bud proliferation in vitro, and BA has been found to be superior to kinetin (Wong,

1986 ; Zamora et al., 1986).
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2.1.3.3  Shoot /Multiple shoot development:

Stimulation of axillary branching and/or adventitious bud formation is accompl shed
by placing an intact or fragmented shoot apex onto a basal medium supplemented with
0.2 to 10 mg/l of cytokinin, appears to be the primary factor affecting the rate of
proliferation (Vuylsteke and De Langhe, 1985). The shoot multiplication rate is ir. tarn
a result of cytokinin concentration in the culture medium (Damasco and Barba, 1985).
Banerjee et al. (1986b) who studied the regeneration pattern in Musa shoot tip cultures
in the presence of 1 uM 1AA and 1 uM BA, observed no proliferation. In the presence
of higher concentrations of BA, however, multiple shoot buds were produced, and the

entire rooted plantlets were readily recovered and transferred to soil.

2.1.3.4  Rooting of explants

Root formation can be readily induced on cultured Musa shoots. The individual
shoots from a shoot cluster are usually separated first. Ma and Shii (1972) transferred
shoots to sphagnum moss and allowed rooting to occur naturally. Other investigators
have employed a number of auxins. Berg and Bustamante (1974) found that
root formation was a slow process and NAA was effective in inducing rootiag.
Rooting in Musa cultures was easily induced when individual shootlets were transferred
to basal medium (Sandoval, 1985). However, addition of auxins to the basal medium
may stimulate further root growth. Apart from NAA, IBA is also very effective in
inducing rooting at 1 mg/l (Banerjee and De Langhe, 1985).

Cronauer and Krikorian (1984a and 1984b) reported no differences in the root

inducing effects of JAA, NAA or IBA. In the presence of 0.025 per cent activated
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Cronauer and Krikorian (1984a and 1984b) reported no differences in the root
inducing effects of IAA, NAA or IBA. In the presence of 0.025 per cent activated
charcoal, MS basal medium supplemented with 1 mg/l IBA or NAA was found
suitable for rapid root initiation. When rooting individual shoots, care should be taken
to ensure that they are free of developing secondary axillary buds, the occurrence of
which inhibits root formation and enhances multiple shoot development (Jarret ef al.,
1985b).

Studies on the effects of activated charcoal (AC) have shown that when shoots are
grown on a medium containing coconut water (CW) the number of roots and overall
root length can be enhanced. The use of auxins such as NAA, IBA or [AA with
extremely low levels of AC (0.025%) gave the most effective root inducing medium.
When shoots are placed on such a medium, a sufficient number of roots are formed

within 3-4 weeks to support the young plantlet (Cronauer and Krikorian, 1984b).

2.1.3.5 Hardening

One of the major obstacles in the application of tissue culture methods for plant
propagation has been the difficulty in successful transfer of plantlets from the
laboratory to the field (Wardle et al., 1983). The reasons for such a difficulty appears
to be related to the dramatic change in the environmental conditions. The environment
of the culture vessel is one of low light intensity, with very high humidity (generalty 100
%) and poor root growth, while the green house and/or field conditions are typified by
very high light intensity, low humidity, and mycroflora (Desjardins e al., 1987).
Several workers have developed protocols to overcome some of these constraints.
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The plantlets obtained through tissue culture techniques should have proportionate

roots that are capable of supporting further growth and development. They are usually
transplanted into compost and kept in partial shade at a high ambient humidity for
several days. A suitable environment is often created by covering the plantlets either
with glass or clear polyethylene or by subjecting them to intermittent misting. Plants
are finally hardened by gradually reducing the humidity and increasing the light
intensity.

The term media is sometimes used to describe the mixtures of materials such as
peat, perlite, vermiculite, pumice, rock wool, sand and soil used for transferring the
plantlets from in vitro conditions. Compost commonly used for rooting conventional
cuttings is suitable for transferring these plantlets, but there may be marked differences
in root growth and plantlet survival with different media (Rodriguez et al., 1987). Peat
may prove to be too acidic substrate for some species and some kinds of vermiculite
arc too alkaline. Apart from having a neutral or only slightly acidic pH, compost or
other substrates need to have high water holding capacity and still provide good
acration.

Since there is a close relationship between humidity, illumination and temperature,
the use of humidity tends to reduce desiccation of leaves. Gradual increase in
illumination and decrease in humidity can help in successful transplanting of tissue

cultured plantlets in a green house and subsequently in the field.



2.2 Nutritional studies

Banana is one of the most important tropical fruit crops, being a gross feeder it
requires liberal supply of nutrients, specially nitrogen and potash, which determine the
growth and productivity. Hence, application of adequate quantity of nutrients is of
paramount importance to ensure high yield of quality bananas.

Considerable research work has been done to standardize not only the quantity of
different nutrients but also the appropriate time and method of application to obtain the
maximum fertiizer use efficiency under varying agro-climatic conditions in different
parts of the country. The work done on application and uptake of various nutrients to
banana plants has been reviewed under the following headings.

221 Role of nitrogen on growth, yield and quality of banana.

222 Role of potash on growth, yicld and quality of banana.

2.23 Role of NPK on growth, vield and quality of banana.

224 Role of split application of nutrients on growth and yield of banana.

2.2.5 Role of nutrients, on their uptake and distribution.

2.2.1 Role of Nitrogen on growth, yield and quality of banana

Nitrogen is considered as the most important nutrient element for the growth of
banana, being almost universally in short supply, even in very fertile soils. A healthy
and robust vegetative growth, with proper orientation and size of leaves, are essential
pre-requisites for high yields and nitrogen is mainly responsible for such a vegetative
frame. This was clearly emphasized as carly as 1937 by Tanaka, in a sand culture

experiment. Through monitoring the use of carbohydrates, he observed that absence
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of nitrogen resulted in poor growth and that nitrogen was largely responsible for
controlling growth and fruiting .  Significant increase in growth and yield due to
nitrogen application was also observed by Croucher and Mitchell, (1940).

Bhan and Majumdar (1956) observed that application of 220 g of nitrogen per
plant of banana(cv. Martamon) resulted in early growth and maturity, and higher
number of hands, number of fingers per bunch and yield. Application of ~ ogen
promoted vegetative growth, increased the length of bunch and number of hands,
resulting in increased yields (Steinhausen, 1957).

Champion et al. (1958) observed an increase of 18-25 tonnes/ha in Robusta
banana by application of nitrogen at the rate of 100-200 kg/ha. Deficiency of nitrogen
resulted in stunted growth, reduction in the rate of leaf production, size of leaf and
suckering (Murray, 1959). Butler (1960) reported that nitrogen increased banana
production by 10 to 12 per cent besides reducing the period of maturity. Zack of
nitrogen caused reduction in leaf number with a long interval between the emergence
of two consecutive leaves. The size of individual bunch and fruits were largely
determined by the amount of nitrogen application several months before the emergence
of inflorescence (Ochse er al, 1961). Katyal and Chadha (1961) reported that
nitrogen had a positive influence on periodicity of the plant, induced the growth of
leaves and increased the number of fruits per bunch.

Battikhah and Khalidy (1962) reported that with increase in nitrogen application,
there was a corresponding increase in plant height, leaf production, leaf area and leaf

nitrogen content, but application beyond 200 g N per plant did not substantially
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increase plant growth. Higher amount of nitrogen levels, improved the quality and
shortened the period of maturity, but failed to increase yields (Jagirdar et al., 1963).

A total deficiency of nitrogen would seriously impair the growth beyond flowering
stage. If differentiation concided with a period of nitrogen deficiency, considerable
reduction in yield and quality occurs (Charpentier and Martin-Prevel, 1965).
Venkatesam et al. (1965) reported that nitrogen induced better growth and improved
effective leaf area. Martin-Prevel (1966) observed that excess or deficiency of nitrogen
had marked effects on fruit composition. He was of the opinion that earliness of the
crop (Dwarf Cavendish) was due to N supply. Martin-Prevel and Montagut (1966)
outlined the importance of nitrogen in banana plant growth and indicated a two-way
relationship between uptake and dry matter production. Since no nitrogen storage
occurred within the plant, additional nitrogen promoted growth. The uptake of
nitrogen was directly correlated with increase in dry matter production irrespective of
varieties, soils and environmental conditions. Simmonds (1966) reported, hastening of
shooting and increased bunch weight due to application of nitrogen. Leigh (1969)
stated that application of 227 kg nitrogen per hectare was the optimum dosage for
banana, when applied in 3-4 spﬁﬁ. The application of nitrogen hastened maturity and
increased yields (Singh, 1969). Application of judicious amount of nitrogen, resulted
in improved grades, earliness, bunch weight and yield (Champion, 1970; Melin, 1970).

Arunachalam (1972) reported the early maturity effect of nitrogen on dwarf
Cavendish, Giant Cavendish, Robusta and Lacaton banana with reference to plant
height, girth, leaf area, number of leaves, cropping period and yield. The sucker

production was also enhanced in all the varieties with application of 170 g nitrogen per
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plant with a reduction in cropping period besides better fruit development and its
chemical composition. Shanmugam and Velayutham (1972) reported that banana
plants supplied with adequate nitrogen produced 17 leaves , while seven leaves were
produced in plants which did not receive nitrogen at all. However, Ramanathan et al.
1973) found that Nitrogen applied in any form did not affect yields.

Ramaswamy and Muthukrishnan (1974) reported that application of nitroger at
170 g/plant resulted in better response in terms of number of hands and fruits, weight
of hands and fruits. Application of 300 g/plant/year resulted in higher bunch weight
and more number of hands and fingers per bunch (Monica et al., 1978). Singh et al.
(1979) reported that 150 g nitrogen per plant gave higher yields and better fruit quality
in Basrai banana.

Chattopadhyay et al. (1980) reported that with increasing nitrogen upto 240
g/plant/year increased the yield in cv. Giant Governor banana upto 31.2 and 30.88 t/ha.
for the main and ratoon crops respectively. Inizarry ef al. (1981) recommended an
application of 338 kg N per ha for obtaining optimum yields in the cv. Maricongo,
while Kohli ef al. (1981) reported that an application of 180 g N/plant gave the highest
yield (44 t/ha) in Robusta banana. Application of 150 g nitrogen/plant has resulted in
higher yields of Robusta banana (Mustaffa, 1983).

Anjorin and Obligbesan (1984) noticed that the beneficial effect of nitrogen on
carly growth and development was evident only when moisture was not a limiting
factor. Application of nitrogen upto 300 g/plant significantly increased plant height,
pseudostem girth, pseudostem weight and leaf weight, while higher nitrogen rates (400

g/plant) depressed all these parameters.
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Kohli et al. (1984) reported that flowering was considerably delayed in Robusta
banana, when no nitrogen was given, while application of 150-300 g nitrogen plant
resulted in higher dry matter production and higher vields. Kohli ez a/. (1985) reported
that an application of 150 g N/plant gave the highest yield in Robusta banana. Plants
receiving no nitrogen took more number of days to reach flowering (378 days), While
nitrogen fertilized plants took 315-329 days to flower.

Sharma (1985) in a trial with cv. Basrai found that the plants that received nitrogen
at the rate of 187.5 g/plant applied to the soil in June-July plus 187.5 g/plant applied in
12 sprays at two week intervals starting from October/November gave the greatest plant
height, pscudostem girth, number of fruits per bunch and bunch weight. Obiefuna and
Onycle (1987) reported that yearly application of 200 g N/plant resulted in production
of heaviest bunches. Application of 225-425 g N/plant in the banana cv. Gaint
Cavendish increased plant height, girth and yield components (Oubahou and Dafin,
1987).

Hazarika and Mohan (1991) reported that application of 160 g nitrogen gave the
highest yield, number of fingers per bunch and bunch weight, when applied in 3 spht
doses. Prabhuram (1992) stated that the application of 200 g nitrogen in the form of
urea resulted in increased bunch weight, number of fingers per hand and hands per
bunch in cv. Rasthali. Higher average bunch weight and fruit yield per hectare were
obtained with 200 g nitrogen applicd in four splits in cv. Robusta (Reddy, 1992).
Singh and Kashyap (1992) reported that application of 400 g N/plant in cv. Robusta

gave the highest yield (69.32 t/ha), number of hands/bunch and number of
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fingers/bunch. Highest growth rate of stem and fingers were obtained with application

of 320 g N/plant in banana cv. Basrai (Kohli ez al. 1984).

2.2.2 Role of potash on growth, yield and quality of banana

Potassium is a key clement in banana nutrition. It plays a vital role in the
physiological and biochemical functions of the plant. Way back in 1807, Fourcroy and
Vauquelin (in Lacoeuithe, 1973), while analyzing a banana plant, found a high
concentration of potassium in the plant sap. Since then, potash was considered as a
major nutrient in banana cultivation, and many research workers have shown that
adequate supply of potash fertilizer not only increased ‘the yield of banana but also
improved quality and induced tolerance to biotic and abiotic stresses.

Banana requires potassium in large quantities throughout its normal life upto
flowering, i.c., during the potential growth of the plant and again during fruit filling
stage. The need for potash is substantial (LLacoeuilhe, 1973).

The most universal potassium deficiency is appearance of orange-yellow chlorosis
of the older leaves and their subsequent rapid death with significant reduction in the life
span of the leaf (Murray, 1960; Lahav, 1972). Potassium deficiency causes choking,
reduced leaf size, delay in flower initiation, reduced fruit number/bunch, hand
number/bunch and fruit size. (Martin-Prevel and Charpentier, 1966; Murray 1959;
Lahav, 1972).

The study conducted by Wood (1939) indicated that application of farm yard
manure and potash resulted in increased yield. The finger length and circumference,

number of fingers, fruit weight, bunch weight and total number of bunches’ha were
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very high. Potassium deficiency impaired protein synthesis, since free aminoacids and
soluble forms of nitrogen increased in low potassium plants. The fruit growih was
restricted by low potash supply in two ways, the translocation of carbon compounds
from the leaves to the fruit was reduced and even when sugars reached the fruit, their
conversion to starch was restricted, which ultimately lead to production of thin and
fragile bunches (Martin-Prevel, 1973). In Taiwan a study conducted by Chu (1960;
1961) found that the application of potash significantly increased pseudostem growth,
fruit yield, quality and storage as well as discasc resistance. Potassium application to
banana plants helped in increased bunch weight and also robust growth of plants.
Potassium application also increased resistance power of plants to diseases (Katyal and
Chadha, 1961).

Hewitt and Osbormne (1962) observed that the application of 204 kg
K,0/acre/annum in 3 to 4 split doses increased bunch and finger length and weight, rind
thickness and circumference. It was observed that potash application also markedly
improved the keeping quality of fruits when examined after 20 days of storage.

The total weight of fruit/acre as well as average bunch weight in potassium treated
plants have shown appreciable increase (Osborne and Hewitt, 1963). According to Ho
(1968) potash application at the early stages recorded maximum height, girth, number
of leaves, leaf area and increased sucker growth. The study also revealed a close
relationship between pseudostem height and girth with yield and this was confirmed by

him later (Ho, 1969).
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Turner and Bull (1971) suggested the application of potash at 1500 Ib/ac for
reducing leaf deficiency symptoms. Higher rates of potash (360 g/plant) significantly
increased the pseudostem height, girth, leaf area and sucker production and resulted in
carly flowering and maturity with good graded quality bunches of Robusta banana.
Reduction in bunch size, in finger length and circumference were observed due to low
potassium content (Lahav, 1972).

Low potassium supply resulted in reduced respiration but produced large variation
in photosynthesis (Martin-Prevel, 1973). The total dry matter was the balance between
gross photosynthesis and respiration. If respiration was lower in potash deficient plants
then the main effect on dry matter production would be through reduction of
photosynthesis. Tumer (1979), reported that low supply of potash restricied the
transfer of N, P, Ca, Mg, Mn, Cu, and Zn across the xylem. Pillai ez o/ (1977)
reported that the higher yields were obtained by application of 114 g/K,O/per plant of
nendran.

In Cuba, application of 750 g K,O/plant produced highest yield with an average
bunch weight of 38.7 kg and 164 bananas/bunch (Garcia et ol 1979). Inadequate
potassium supply reduced the total dry matter production of banana plants and
distribution of dry matter within the plant. The organ most drastically affected is the
bunch, which signifies the importance of potassium in banana production. Turner and
Barkus (1981) found that while low potassium supply halved the total dry matter
produced, the bunch size was reduced by 80 per cent. Low potassium supply reduced

specific root weight and relative growth rate (Turner and Barkus, 1981).
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In Costa Rica, Garita and Jaramillo (1984) reported that the application of 750 kg

K;O/hectare gave the highest bunch weight and yield (66424 kg/ha/year). Obiefuna
(1984) concluded that the application of 300 g of K,O/plant at 19th/20th leaf stage
resulted in increased bunch weight (73.9%), number of fingers (33.7%) and finger
weight (44.2%) over control. Application of potash at the rate of 250 g/plant resulted
in increased plant height , girth of the pseudostem, number of leaves per plant and

fruit yield (35.3 t/ha), total sugars, reducing sugars and non-reducing sugars of the
fruit, while the titrable acidity was lower (Baruah and Mohan, 1985).

Mustaffa (1987; 1988) observed that application of muriate of potash at the rate of
400 g/plant significantly increased the height and girth of pseudostem, number of
leaves and leaf area in Robusta banana under rainfed conditions. Yadav et a/.(1988)
concluded that optimum doses of potash for Dwarf Cavendish was 200 g/plant for
maximum fruit yield. Baruah and Mohan (1991) recorded the highest phyllochron
(7.3) and number of leaves (30.3), when 344g K/plant was applied at 3rd and Sth
month after planting. EL-Khoreiby and Salem (1991) observed that highest potash
application of 500 g/plant resulted in a positive response in height, basal circumference,
growth and leaf production of Dwarf Cavendish.

Delayed floral initiation, reduction in leaf size, fruit number, hands/bunch and size
of the fruit were observed in plants that received no potash compared to the plants
given 250 g potash which produced highest fruit yield of 35.3 tha (Baruah and
Mohan, 1992). Ray et al. (1993) concluded that application of potash at the rate of
300 g/plant/year was optimum to produce higher vield of 74.9 tha in main crop and

76.4 and 70.9 t/ha in I and II ratoon crops respectively. Application of potassium to
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banana had direct effect on fruit quality. With increase in potash levels, the total

soluble solids, reducing, non-reducing and total sugars, ascorbic acid and sugar acid
ratio of the fruits increased with decrease in acidity (Croucher and Mitchell, 1940;
Singh et al., 1973; Jambulingam et al., 1975; Lahav and Turner, 1983).

Baruah and Mohan (1986) conducted an experiment with different levels of potash
upto 300 g/plant and they observed that TSS, total sugars, reducing, non/reducing
sugars in the fruit increased with increasing levels of potassium, while titrable acidity
was low. The TSS was increased from 15.9 to 17 per cent with increasing potassium
levels from 0 to 240 g/plant in Cavendish banana (Chattopadhyay and Bose, 1986).
Ram and Prasad (1988) observed an increase in TSS upto 21.12% when potash was

applied at the rate of 200 g/plant in banana cv.Campiergang local.

223 Role of NPK on growth, yield and quality of banana

There was a greater response to nutrients when applied together than separately.
Increase or decrease of one nutrient element may substantially increase or decrease the
other nutrient uptake. Antagonism and synergism among the nutrient clements are
reported to have affected growth and development of banana. Norris and Ayyar
(1942) reported that banana plants require large quantity of potash, moderate quantity
of nitrogen and relatively little amount of phosphorus for optrmum production.
Summerville (1944) observed considerable response to nitrogen when applied in
combination with potassium but the effect of phosphorus was not very pronounced.

Bhan and Majumdar (1956) reported poor growth response of banana cv.

Martaman to nitrogen, when applied at low level along with heavy application of
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phosphorus with or without potash. A study conducted in Trinidad for a population of
1500 plants by Monsterin (1956) recommended application of 50:80:250 kg NPK/ha.
Champion et al. (1958) observed that in Robusta banana, nitrogen and potash when
applied at the rate of 160 and 240 g respectively per plant gave an yield of 35.20 t/ha.
While other treatments did not show such effect. Fertilizer experiments conducted in
Jamaica over 13 years period revealed that economic response to fertilization can be
expected from combined use of nitrogen, phosphorous and potash (Butler 1960).

Bhangoo et al. (1962) reported from Honduras that, application of 350-160-180
Ib/ha of nitrogen, phosphorus and potash greatly improved the yield, average bunch
weight, average number of hands/bunch and marketable quality of bunches. Funaiok
(1962) applicd NPK at 200:100:100 kg/ha to Dwarf cavendish banana and found that
yield responses were higher with nitrogen alone as compared with combined
application of nitrogen, phosphorous and potash. Lin et al. (1962) reported that
nitrogen, phosphorous and potash applied particularly in combination increased the
yield significantly at a dosage of 200:100:300 kg/ha. However, phosphorous had less
effect compared to nitrogen and potash.

Martin-Prevel (1964) in Guinea, recommended 250:60:1000 kg N P K/ha for
better yields. While Champion (1970) recommended a dosage of 560:224:672 kg
NPK/ha in Puerto Rico for higher vields. The fertilizer recommendation in different
states of India was reviewed by Shanmugam and Velayutham (1972).

The study conducted by Singh (1972) on the effect of nitrogen and potash on
Robusta banana revealed that the length of fruit was more under nitrogen in presence

of potash. The effect of nitrogen in the presence of phosphorous and potash increased
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the number of hands, fruits and weight of the bunch significantly. The reducing sugar

content was higher in treatments with K combination. A fertilizer mixture composing
of 900 N, 480 P,O; and 480 K;0 kg/ha enhanced vegetative growth which resulted in
higher yield in Jahajee variety of Dwarf cavendish group (Sharma and Roy, 1973).

Arunachalam et al. ( 1Y976) stated that the application of 170g N/plant with P,O;
and KO at 85 and 340 g respectively in 2 split doses on 3rd, Sth months after planting
for Cavendish clones resulted in higher yield. In a five year trial with Robusta banana
the best results were obtained with nitrogen at 180 g/plant in S5 splits, P,Os at
15.5g/plant in 3 splits and K,O at 186.75g/plant in 5 splits/year (Kohli et al., 1976).

Pillai et al. (1977) concluded that nitrogen and potash significantly increased fruit
number and bunch weight when applied at the rate of 191 g and 301 g/plant
respectively. Randhawa and Iyer (1978) reported that an application of 180:100:225 g
NPK/plant in combination gave highest yield of 45 tonnes/ha in banana cultivar
Robusta. Nambiar et al. (1979) reported that a combination of 225:250:450 g
NPK/plant gave the greatest bunch weight in banana cv. Nendran.

Nanjan et al. (1980) stated that 100 kg of nitrogen in combination with 40 kg P,Os
and 400 kg K,O/ac produced heaviest bunches in Robusta banana. Chundawat et al.
(1983) reported from South Gujarath that the yield of Basrai banana increased by the
application of NPK fertilizer at the rate of 180:180:180 g respectively in three split
doses within six months of planting. Tumer (1985) recommended a fertilizer dose of
200 to 250 kg N, 50 kg of P,Os and 400 kg of K,O/halyear to produce 50 tonnes of
fruits/ha. The application of 200g N, 80g P,Os and 200g K,O/plant resulted in highest

TSS content (21.2%) in banana cv. Campeirgani local (Ram and Prasad, 1988).
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Upadhyay (1989) found that application of higher rate of phosphorous and potash

increased the yield and fruit quality. Pandit ef al. (1992) reported that the highest yield
(35 t/ha) and number of hands/bunch were obtained by applying 400g of Ammonium
sulphate, 300g of Super phosphate, 250g of Muriate of potash/plant. The treatment
also produced fruits with highest total sugar content with the lowest acidity.
Application of 300 g each of N and K,O was most effective in increasing the size,
weight of bunch and fingers, number of hands and fingers per bunch in banana cv.
Harichal (Pathak ef al. 1992). Optimum requirement level of nitrogen, phosphorous
and potash varied with varieties; Poovan required 160 g/plant, where as Rasthali and
Nendran 210 g/plant (Selvaraj and Azhakiamanavalan, 1992).

The study conducted by Natesh ez al. (1993) in banana cv. Nendran revealed that
increased yields were obtained with the application of 190 g N, 115 g P,O,, 300 g
K;O/plant/year (in four split doses at 2nd, 4th, 6th and 8th months afier planting). The
application of 200:100:300 g NPK/plant resulted in high fruit yield (74.9 tha) in cv.
Basrai banana, (Ray et al, 1993). Parida et al. (1994) reported that combined
application of NPK resulted in increased plant height, stem girth and number of

leaves/plant and significantly reduced the time to shoot in cv. Robusta.

224 The role of split application of nutrients on growth and
yield of banana.
Nitrogen is subjected to high losses when applied to the soil through the process of
nitrification and leaching. In order to ensure sustained availability of nitrogen

throughout the growth period and to minimize wastage nitrogen should be applied in



3y
split doses at shorter intervals. Generally, carly application before shooting decides the

future bunch size and number of fingers and the total yield. Regarding frequency of
application of potash and phosphorus, Croucher and Mitchell (1940) considered that
twice yearly was often enough, but there is a tendency to split the dose of these
fertilizers further.

The study conducted by Summerville (1944) and Alexandrovicze (1955) reported
that the time of application of fertilizer was obviously important and for better results it
should be applied during carly stages of the plant growth. Twyford (1967) reported
that in Robusta, potash supply in the first two months had a greater influence on the
number of hands produced while potash applied after shooting did not influence the
finger size. Earlier application of potash was most beneficial for plant growth and fruit
yield (Ho, 1968). Leigh (1969) recommended the dressing of N, P,Os and K,;O in
three to four split application during the year. In Puerto Rico, fertilizers were applied
in these split doses as stated by Champion (1970). It has been reported from
Mozambique that at least 200 kg N, 50-150 kg P,Os and 100-600 kg K,;O/ha should be
applied in three to four splits (Marques and Monteiro, 1971).

Shanmugam and Velayutham (1972) stated that potash could be applied in three
split doses viz., first, third and fifth month after planting along with nitrogen.
Veeraraghavan (1972) working with manurial-cum-liming experiment on Nendran
followed two equal split applications in 2nd and 4th month after planting. Lahav
(1973) followed four splits per year in the northern coastal plain of Israel.

In Assam, three split applications of fertilizers were given to Dwarf Cavendish

(Jahajee) (Sharma and Roy, 1973). Ramaswamy and Muthukrishnan (1974)



recommended two split application of fertilizers in the third and fifth months after
planting in Robusta. Jaramillo and Bazan (1976) applied nitrogen at intervals of 4, 6,
8, 10, 12 and 14 wecks for the cv.Gaint Cavendish and obtained highest yiclds with 47
kg N/ha applied once in three months. Arunachalam et al. (1976) stated that it was
advisable to give 170 g of N with 85 g P,Os and 340 g K,O/plant in two split doses on
third and fifth month after planting for Cavendish clones. In a five year trial with
Robusta banana best results were obtained with nitrogen at 180 g/plant in five splits,
phosphorous at 15.50 g/plant in three splits and potash at 186.75 g/plant in five
splits/year (Kohli et al. 1976). Pillai et al. (1977) followed two equal split applications
of NPK, at 70-80 days and 110-120 days after planting in a manurial study with
Nendran.

Gopimony e? al. (1980) reported that top dressing of banana cv. Zanzibar (AAB)
with urea, in five weekly applications each at 100 g/plant during fifth or sixth month
after planting increased bunch weight, hand numbers and finger numbers per bunch.
Pillai and Khader (1980) adopted three split applications during 50, 80 and 120 days
after plantin