
1131/7

FORMULATION AND EVALUATION OF MICRONUTRIENT MIXTURE 
FOR FOLIAR APPLICATION IN TC BANANA {Musa sp.) 

var. NENDRAN

by

PREMALATHA. A 

(2014 - 11 - 211)

THESIS

Submitted in partial fulfilment of the 

requirements for the degree of

MASTER OF SCIENCE IN AGRICULTURE

Faculty of Agriculture 
Kerala Agricultural University

DEPARTMENT OF SOIL SCIENCE AND AGRICULTURAL CHEMISTRY 
COLLEGE OF AGRICULTURE 

PADANNAKKAD, KASARGOD -  671 314 
KERALA, INDIA

2016



11

DECLARATION

I, hereby declare that this thesis entitled “FORMULATION AND 

EVALUATION OF MICRONUTRIENT MIXTURE FOR FOLIAR 

APPLICATION IN TC BANANA {Musa sp.) var. NENDRAN” is a bonafide 

record of research work done by me during the course o f research and the thesis 

has not previously formed the basis for the award to me o f any degree, diploma, 

associateship, fellowship or other similar title, o f any other University or Society

Place Padannakkad

Date 18 ' 0 1  Suo\b
(2014-11-211)



Ill

CERTIFICATE

Certified that this thesis entitled “FORM ULATION AND EVALUATION OF 

M ICRONUTRIENT MIXTURE FO R  FO LIAR APPLICATION IN TC 

BANANA (Musa sp.) var. NENDRAN” is a record of research work done 

independently by Ms Premalatha A under my guidance and supervision and that 

it has not previously formed the basis for the award o f any degree, diploma, 

fellowship or associateship to her

Place Padannakkad Dr. P. R. Suresh

Date (Major Advisor, Advisory Committee)

Professor and Head

Dept o f Soil Science and Agricultural Chemistry 

College o f Agriculture, Padannakkad



IV

CERTIFICATE

We, the undersigned members o f the advisory committee of Ms Premalatha A , a 

candidate for the degree o f M aster of Science in A griculture with major in Soil 

Science and Agricultural Chemistry, agree that the thesis entitled 

“FORM ULATION AND EVALUATION OF M ICRONUTRIENT 

M IXTURE FO R  FO LIAR APPLICATION IN TC BANANA (Musa sp.) var. 

NENDRAN” may be submitted by Ms Premalatha A , in partial fulfilment o f the 

requirement for the degree

(
Professor and Head

(Member, Advisory Committee) 
Assistant Professor

Dept ofSSAC
College of Agriculture, Padannakkad

Dept o f SSAC
College o f Agriculture, Padannakkad

(Member, Advisory Committee) 
Associate Professor 
Dept of Plant Biotechnology 
College o f Agriculture, 
Padannakkad

(Member, Advisory Committee) 
Associate Professor 
Dept o f Plant Physiology 
College o f Agriculture, 
Padannakkad

Dr. K S, Anil Kumar,use [Agn jphDjLC 
Principal Scientist 

N B S S . & L . U P  (ICAR) 
Hebbal, BANGALORE-560024



V

ACKNOWLEDGEMENT

I  extend my sincere gratitude and reverence to Dr. P. R. Suresh Professor and 

Head Department o f Soil science and Agricultural Chemistry and the Chairman o f  

my Advisory Committee for his unstinted support, inspiring guidance and constant 

encouragement throughout the course o f investigation and preparation o f thesis This 

work would not have been possible without his valuable help and support

I  wish to express my sincere gratitude to Dr. N.K. B initha, Assistant Professor, 

Department o f Soil science and Agricultural Chemistry, College o f Agriculture, 

Padannakkad and Member, Advisory Committee fo r her constant encouragement, 

support, critical suggestions and timely help throughout the research work and 

course o f study

I  express my heartfelt gratitude to Dr. Sujatha. R , Associate Professor (Plant 

Biotechnology) College o f Agriculture Padannakkad and Member Advisory 

Committee for her timely suggestions and kind guidance throughout the course 

programme

I  express my heartfelt gratitude to Dr. A. Rajagopalan Professor and Head, 

Dept o f Pomology and Floriculture for his valuable and positive advices and 

instructions which were always informative and helpful to me throughout the course 

o f investigation

I  am grateful to Dr. M  Govindan Associate Dean, College o f Agncultwe, 

Padannakkad, fo r  his critical suggestions and instructions throughout the post 

graduate programme



VI

J express my deepest and sincere thanks to Mr. Ajith, Farm officer o f  

Karuvacherry farm  fo r  timely providing all necessary requirements fo r  the conduct 

o f  research work

I  extend my sincere respect and gratitude to Dr. R. Ilangovan, Dr. K.M. 

Sreekumar, Dr. Jaya prakash Naik, Dr. Namboodiri Raji Vasudevan, Dr. G. V  

Sudarsana Rao, Dr. A. A m i Kumar and Dr. M.P. Giridharan who have always 

given encouragement and support Their personal involvement at times o f  need was 

highly valuable

I  am thanhful to my seniors, colleagues, junior students and research assistants 

fo r  their help during my research woik

I  wish to acknowledge with gratitude the award o f  fellowship by the Kerala 

Agricultural University during the tenure o f  the M  Sc (Ag)  programme

I  am most indebted to my Mother Father and husband fo r  their affection 

constant encouragement and support without which I  would not have completed this 

work Above all, fo r  the attention focused andfacilities arranged to carry forward my 

studies

I  bow before the God almighty fo r  all the bountiful blessings showered on me at 

each and every moment without which this study would never have seen light

Premalatha. A



vn

CONTENTS

SLNo. Particulars Page No.

1. INTRODUCTION 1-4

2. REVIEW OF LITERATURE 5-40

3. MATERIALS AND METHODS 41-57

4. RESULTS 58-100

5. DISCUSSION 101-124

6. SUMMARY 125-131

7. REFERENCES 132-169

ABSTRACT 170-172



vm

LIST OF TABLES

Table
No

Title Page
No

1 Analytical Methods followed for soil analysis 52

2 Properties o f the initial soil sample 53

3 Analytical Methods followed for plant analysis 55

4 Foliar application o f  micronutrient mixture on biometric characters o f  TC 

banana

62

5 Foliar application o f  micronutrient mixture on pseudostem height and girth 

ofbanana

65

6 Foliar application o f  micronutrient mixture on number o f leaves and 

suckers at harvest o f banana

67

7 Foliar application o f micronutrient mixture on yield parameters o f  banana 69

8 Foliar application o f  micronutrient mixture on finger characteristics o f 

banana

70

9 Foliar application o f  micronutrient mixture on days to bunch emergence, 

days to harvest, bunch maturity period and days to ripenmg o f banana

73

10 Foliar application o f  micronutnent mixture on titrable acidity, TSS and 

pulp to peel ratio o f  npened banana fruit

78



IX

11 Foliar application o f micronutrient mixture on total sugars, reducing sugars, 

non-reducmg sugars and sugar/ acid ratio o f  npened banana fruit

81

12 Foliar application o f micronutrient mixture on TSS/ acid ratio, 

per cent loss m weight during ripenmg and keepmg quality o f fruits at 

ambient condition

82

13 Foliar application o f  micronutrient mixture on soil pH, EC and Organic 

carbon

84

14 Foliar application o f micronutrient mixture on available N, P and K content 

o f  soil

85

15 Foliar application o f  micronutnent mixture on available secondary nutrients 

content o f  soil

87

16 Foliar application o f micronutrient mixture on available micronutnents 

content o f  soil

89

17 Foliar application o f  micronutrient mixture on N, P and K content of 

banana leaf

91

18 Foliar application o f  micronutnent mixture on Ca, Mg and S content o f 

banana leaf

93

19 Foliar application o f  micronutrient mixture on Zn, Fe and Mn content o f 

banana leaf

95

20 Foliar application o f  micronutrient mixture on Cu, B and Mo content of 

banana leaf

98

21 Foliar application o f  micronutrient mixture on economics o f  banana 

cultivation

99



X

LIST OF FIGURES

Fig No Title Page No

1 Layout o f field experiment 46

2 Foliar application o f micronutrient mixture on bunch weight o f banana 109

3 Foliar application o f  micronutnent mixture on titrable acidity o f ripened 
banana fruits

114

4 Foliar application o f micronutnent mixture on TSS o f ripened banana fruits 114

5 Foliar application o f  micronutnent mixture on pulp to peel ratio o f ripened 
banana fruits

115

6 Foliar application o f  micronutnent mixture on total sugar content o f ripened 
banana fruits

115

7 Foliar application o f micronutnent mixture on reducmg sugar content o f 
ripened banana fruits

116

8 Foliar application o f  micronutnent mixture on sugar /  acid ratio o f  ripened 
banana fruits

116

9 Foliar application o f  micronutnent mixture on TSS / acid ratio of ripened 
banana fruits

117

10 Foliar application o f  micronutnent mixture on per cent loss m weight durmg 
ripenmg o f banana fruits

117



XI

LIST OF PLATES

Plate

No

Title Page

No

1 Secondary hardening o f  tissue culture banana var Nendran 
micronutnent mixture formulation)

(usmg 56

2 Field view o f  the experimental plot at RARS farm, Nileshwar 57

3 Preparation o f micronutnent mixture as a liquid formulation 60

4 Bunches from best treatments vs control 75

5 Finger characteristics o f  treatments and control 76



LIST OF ABBREVIATIONS

% - Per cent

@ - at the rate o f

°brix - Degree brix

B - Boron

BCR - Benefit / cost ratio

Ca - Calcium

CD - Critical difference

CEC - Cation exchange capacity

Cl - Chlorine

cm - Centimeter

Cu - Copper

dSm 1 - deci Siemens per meter

EC - Electrical conductivity

et al - And others

Fe - Iron

Fig - Figure

g - Gram

h a 1 - Per hectare

K - Potassium

KAU - Kerala Agricultural University

kg - Kilogram

kg ha'1 - Kilogram per hectare

1 - Litre

m - Meter

MAP - Months after planting

Mg - Magnesium



m gg 

mg k g 1 

ml 

mm

mmol g'

Mn

Mo

MT/ha

N

NS

pH

ppm

S

SE

Rs h a 1

TC

t h a 1

TSS

viz

Zn

Milli gram per gram

milligram per kilogram

Milli litre

Milli meter

Milli moles per gram

Manganese

Molybdenum

Metric tonnes per hectare

Nitrogen

Not significant

Soil reaction

parts per million

Sulphur

Standard error

Rupees per hectare

Tissue culture

Tonnes per hectare

Total soluble solids

namely

Zmc



^ (it w d u c t io K



1

1. INTRODUCTION

Micronutrients are essential for crop growth and are equally important as 

primary and secondary nutrients Though their requirement is low, they often make a 

huge variation in yield and difference in quality o f  crop produce if there is a 

deficiency Micronutrients have an important role m balanced plant nutrition for the 

stabilization o f  crop yield and quality o f  produce These nutrients play a vital role m 

regulatmg the metabolic activities o f  plants and animals including human beings 

Micronutrient deficiencies in soils and crops have become prevalent m the recent 

years due to several factors like intensive croppmg, loss o f  top soil by erosion, 

leaching, decreased use o f farmyard manure, mcreased use o f high analysis fertilizers 

and lack o f  proper liming o f acid soils (Smgh, 2003, Rattan and Sharma, 2004, De 

and Rai, 2005) The deficiency o f  micronutrients has become major constraint to 

productivity, stability and sustainability o f soils (Bell and Dell, 2008)

Systematic soil studies and analysis o f more than 2 50 lakh soil samples in 20 

states o f  India by All India Coordinated Research Project indicated the extent of 

deficiency m zmc (49 %), B (33 %), Fe (13 %), Mo (7 %), Mn (4 %) and Cu 

(3 %) (Smgh, 2009) Another study by Shukla et a l , 2014 indicated that 

micronutnent deficiencies are rampant m India and on an average 43 0, 12 1, 5 4, 5 6 

and 18 3 per cent soils are deficient m Zn, Fe, Cu, Mn and B, respectively Presently, 

the trend o f micronutnents deficiency is changing from smgle nutnent deficiency to 

multi-micro nutrients deficiencies due to depletion in soil fertility and this becomes 

an emerging issue m agriculture, relating to crop health and human health

According to KSPB (2013), after a detailed study m all 14 districts reported 

that Kerala soils are deficient m Zn (12 %), Cu (15 %) and B (59 %) The acid 

leachmg environment o f  Kerala soils is not conducive for retention o f boron arrested 

by highly porous nature dominated by low activity clays, which resulted in
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widespread deficiency o f B Iron and manganese deficiency is noticed some zones in 

like Onattukara and coastal sandy tracts Keepmg this in view now Government of 

Kerala had notified the use o f zmc, copper and boron for foliar as well as soil 

application

Banana (Musa s p ) is the second most important fruit crop o f India after 

mango It is one of the oldest fruit crop known to mankind and it is a rich source of 

carbohydrates, vitamins and minerals which are essential components of human diet 

Because o f their commercial status, banana and plantains are referred usually as 

“Poor man’s apple”

At present, banana is grown in around 150 countries across the world on an 

area o f 4 84 million ha producmg 95 6 million tonnes of fruits (TAO Stat, 2011) 

Among horticultural crops, contribution o f banana to Agricultural Gross Domestic 

Product (AGDP) is the highest (Smgh, H P , 2007) India is world’s leadmg producer 

o f banana with an annual production o f 297 24 lakh tonnes which accounts for 33 4 

per cent o f total fruit production with a productivity o f37 0 MT/ha In Kerala banana 

is grown in 34 5 lakh ha with a production o f 52 8 million tones and productivity o f 

15 3 t/ha (Saxena, 2015) and the productivity is low

In vitro multiplication is an advanced technology over traditional method of 

banana propagation with respect to uniformity, vigor, disease-free plantmg material 

and true to type plants Tissue culture plants produces 20 per cent higher yield than 

conventional method due to good quality plantmg material Nendran is a popular 

variety o f banana extensively cultivated m Kerala which is relished as fruit and 

vegetable as well as used for processing

Banana requires more nutrients than any other commercially cultivated crop 

and the various nutritional deficiencies and disorders affect its growth and yield 

Micronutnents such as Zn, B, Mo and Cu had been reported to be essential for the 

growth and development o f banana plants (Snvastava, 1964a & b) Deficiencies of
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Zn, Cu, Fe and Mo affect the growth and production o f  banana (Charpentier and 

Martin, 1965) Application o f  micronutrients m banana increases the growth, yield 

and quantity o f banana (Pathak et a l , 2011)

Application o f  essential nutrients m an appropriate balance is fundamental for 

various physiological processes m plants Primary nutrients play a vital role in 

promotmg the plant vigour and productivity, whereas micronutrients like zinc, boron, 

copper and molybdenum perform a specific role m the growth and development of 

plant, quality o f  produce and uptake o f major nutrients

The fertilizers applied through soil are needed in higher quantities because 

some portion leaches down and some does not become available to the plants due to 

complex chemical reactions happening in soil or adverse soil conditions hindering 

uptake The foliar application, therefore, offer a viable alternative way o f  applymg 

nutrients to fruit plants m such conditions Micronutnents availability can be 

enhanced by foliar application o f  the appropriate mineral forms (Alloway, 1986, 

House and Welch, 1989) Micronutrient content and uptake by plants is better 

enhanced with foliar application

The multi-micronutrients mixture facilitates the application o f  wide range o f 

plant nutrients m the correct proportion and to suit the specific requirements o f  a crop 

m different stages o f  growth and are more relevant under site specific nutrient 

management (Hegde et a l , 2007)

Multi-nutrient foliar feeding products are the most effective way to correct 

nutrient deficiencies and disorders and thus resultmg m increased crop growth (Mona 

e ta l ,  2012)



Keepmg all these points m view, the present study was undertaken with the 

following objectives

❖ To Preparae a micronutrient mixture formulation contaming zmc, iron, 

boron, copper, manganese and molybdenum for foliar spray

❖ To evaluate stability o f formulation and its keepmg quality

❖ To mvestigate the effect o f this formulation on growth, yield and 

quality o f fruits m banana {Musa sp ) var Nendran
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2. REVIEW OF LITERATURE

Micronutrients exist in very small amounts m both soils and plants, but their 

role is frequently as important as the primary and secondary nutrients Essential 

micronutrients mclude six elements viz zinc, boron, manganese, iron, copper, and 

molybdenum (Stevenson, 1986) Micronutrients have assumed mcreasmg importance 

in crop production under present day exploitative agriculture Intensive cultivation o f 

high yielding varieties and use o f high analysis fertilizers and limited use o f manures 

along with restricted recycling o f  plant residues are some important factors which 

have lead to accelerate exhaustion o f  soil micronutrients and this in turn limits the 

crop production The availability o f  the essential micronutrients to plants is often 

poorly related to their total quantity m the soil

The micronutrients are essential for the proper biochemical transformations 

within the plant body, so as to yield the desired end products Zn is essential for 

protem and auxin production, Cu is a constituent o f cytochrome oxidase, Fe helps in 

photosynthesis while Mn is essential for photosynthesis, carbon assimilation and 

nitrogen metabolism (Mandavgade et a l , 2015) Widespread micronutnent 

deficiencies has been found m many countnes all over world and their deficiency 

scenario had changed very much m Indian soils and crops during last 4 decades from 

1968 to 2008 (Singh, 2009)

2 1 BANANA

Banana is an important commercial fruit crop m tropical and sub tropical 

regions o f the world In India, it is grown m different states under different climatic 

conditions (Butam et a l , 2012) The edible banana is believed to have origmated m 

hot tropical regions o f  South-East Asia (Spiden, 1926, Suar, 1952) It comes under 

family Musaceae It is generally harvested when green between 70 to 100 per cent 

maturity and ripened before consumption (Thomas et a l , 1968a)
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Banana is globally ranked fourth, next to nee, wheat and maize m terms o f 

gross value o f  production Presently, it has emerged as the major cash-subsistence 

crop across all parts o f the world (Robinson, 1996) as it is a complete fruit-food with 

delicious taste, necessary energy and health givmg nutrients (Anonymous, 1969) 

along with pleasant flavor On account o f these properties, it is a staple food for 

millions o f people all around the world It is m great demand m fresh as well as 

processed form all over the world and gamed commercial popularity in the 

mternational fruit trade (Thomas et a l , 1968b) Bananas provide a good source o f 

nutrients for both human and animal consumption

Among the major producers m the world, India alone accounts for 27 43 per 

cent o f fruits (26 2 million tonnes) followed by Philippines, producing 9 01 million 

tonnes and China, Brazil and Ecuador, altogether with production ranging from 7 19 

to 8 21 million tonnes (FAO Stat, 2011)

Generally, Banana is a heavy consumer o f  nutrients and requires large 

quantities o f  nutrients for its growth, development and yield (Hazarika and Ansari, 

2010) and so it is considered as an exhaustive or nutrient mining crop

2.1.1. Tissue culture banana

Traditionally, banana is grown as a perennial crop where the plant is allowed 

to produce continuous shoots from an underground stem But, the yield falls after 

three to five years and declmes rapidly after ten to fifteen years So the need o f  

shifting to cyclic replacement with a new plantation comprising cycles o f one crop 

and one ratoon has been realized only recently m most Asian countries

Through conventional propagation techniques, there is a difficulty with 

obtaining large number o f uniform disease free plants with high yielding potential 

which m turn limits the productivity o f  banana Another important problem faced by 

the growers is the staggered flowering (variability m time o f  flowering) Tissue
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culture technology enabling the rapid production of a large quantity o f uniform 

disease free plants from a smgle plant showmg good genetic potential is gaining 

importance in recent days (Sheela and Nair, 2001)

With the increasing demand and vast export potential coupled with the 

farmer’s desire to grow in-vitro propagated banana on a large area, it is becommg 

mcreasmgly important for rapid multiplication o f quality planting material (Ray et 

a l , 2006)

In micropropagation technique, it is desirable to produce plantlets that can 

grow better after transplanting into the soil So, acclimatization is the most crucial 

process during banana micropropagation as the in vitro raised plantlets are not readily 

adapted for in vivo conditions (Vasane and Kothan, 2006)

Geetha et al (2004) reported that the average bunch weight (12 43 kg) and 

number of hands per bunch o f TC-derived Nendran was 35 per cent higher than that 

o f the conventional suckers

Robinson et al (1993) claimed that there was an mcrease m height and girth 

o f tissue culture plants over the suckers An mcrease in yield o f 25 63 per cent was 

obtained m tissue culture plants over the plants from suckers (Sheela and Nan, 2001)

2.1.2. Nendran banana

Among the banana varieties grown m India, the French Plantain cultivar 

‘Nendran’ belonging to the ‘Plantain’ group {Musa AAB) is the most popular variety 

among growers and consumers, particularly m Tamil Nadu and Kerala for domestic 

and export markets (Mulagund et al ,2015) The cultivators o f Agasthiamalai ranges 

call this variety as “King o f Banana” The shelf life o f Nendran banana is high as 

compared to other cultivars So, the Nendran fruits are exported to European and 

Arabian countries (Das, 2010)
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Nendran fruit is used for culinary purposes as well as for processing Bunch 

has average o f 5-6 hands weighing about 12-15 kg in the popular types

Venugopal (2008) reported that Nendran banana is mostly cultivated m 

homesteads and in well-drained rice fields by small and marginal farmers o f  Kerala 

It is the most popular commercial cultivar which is loved much by cultivators and 

fruits have excellent fruit quality, multiple uses and sustained mcome

Das (2010) reported that fruit pulp o f Nendran contams water soluble 

vitamms like thiamin (Vitamin Bi), Riboflavin (Vitamin B2), Niacm (Vitamin B3), 

Ascorbic acid (Vitamin C), various ammo acids, protems and nutrients m substantial 

amount which support the daily diet needed for human beings

2 2 ESSENTIALITY OF MICRONUTRIENTS

Micronutrients are required m mmute quantities as compared to those o f 

macro nutrients but these nutrients play a vital role m plant metabolism (Benepal, 

1967, Katyal, 2004) Also scarcity o f  these trace elements in soils resulted m poor 

crop yields (Udode- Haes et a l , 2012) Micronutnent plays many complex roles m 

plant nutrition and plant production, as most o f  micronutrients are specific to 

functioning o f various enzyme systems (Kazi et a l , 2012) Micronutrients play a 

catalytic role m nutrient absorption and balancing o f  other nutrients (Smgh and 

Kalloo, 2000)

The essential micronutrients are metals (except B and Cl) and its uptake is 

affected by soil (Lmdsay, 1991, Lake et a l , 1984), plant (Barber, 1995, Marschner, 

1995) microbial and environmental factors (Romheld and Marschner, 1986, Clark 

and Zeto, 2000)
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2.2.1. Essentiality of Zinc

Zinc (Zn) was discovered as an essential plant nutrient by Sommer and 

Lipman in 1926 Zmc is essential for proper growth and development o f plant Zmc 

is now being regarded as the third most important limiting nutrient element in crop 

production after N and P Synthesis o f plant hormones and balancmg mtake o f P and 

K mside the plant cells are dependmg upon Zn nutrition

Zmc is important as a component of enzymes for protem synthesis and energy 

production and maintains the structural integrity o f bio membranes Zn is required for 

the synthesis o f carbohydrate metabolism, protem synthesis, intemode elongation for 

stem growth and m pollen formation (Shukla et a l , 2009) It is also vital for the 

oxidation processes m plant cells and helps m the transformation of carbohydrates 

and regulates sugar in plants

Under Zn deficient conditions, flowering and fruit development are reduced 

and maturity is delayed which resulted m lower yield, poor quality and sub-optimal 

nutrient use efficiency (Gupta, 1995) Zn2+ ions at low concentration (0 01 ppm) 

slightly enhance the activity o f tryptophan synthesis Ieadmg to biosynthesis o f auxin 

(Horak e ta l ,  1976)

Zmc deficiency in plants resulted m stunted growth, little leaf and fruit sizes 

which are attributed with IAA metabolism (Marschner, 1995) Application o f  zmc 

was found to mcrease the green pigments o f necrotic leaf o f plants (Snvastava and 

Smgh, 2003)

2.2.2. Essentiality of Boron

Boron has been known to be a constituent of plants smce 1857 (Tandon, 

1989) Warrington (1923) was the first to really prove the essentiality o f boron 

Accordmg to Truog (1940), the importance o f boron is spelt as follows, 1 plants
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will not make growth without boron any more than without phosphorus or 

potassium which they require m considerable amounts’

Boron is essential for plant growth, new cell division m meristematic tissue, 

translocation o f sugar, starch, nitrogen, phosphorus, certain hormones, synthesis o f 

ammo acids and protem, regulations o f carbohydrate metabolism, development of 

phloem In the absence o f adequate supply, middle lamella o f new cell develops 

poorly and phloem tubes break down (Edmond et a l , 1997) The primary role o f B 

in plants is to improve Ca metabolism and improved solubility and mobility o f Ca 

and helps the absorption of nitrogen

It also mvolves in ligmfication, growth regulatory metabolism, phenol 

metabolism and integrity o f membranes, root elongation, DNA synthesis, pollen 

formation and pollination (Shukla et a l , 2009) Increased B application enhances 

root elongation in acidic and high-alumimum soils (Blevins and Lukaszewski, 1998)

2.2.3. Essentiality of Iron

The essentiality o f iron (Fe) for plant growth was established by Gris as early 

as 1843 Iron act as a constituent o f various enzymes such as cytochrome oxidase, 

catalase and mtrogenase It helps in the synthesis o f chlorophyll 60-80 per cent o f 

the iron content o f leaves is found in the chloroplast Fe is a key element m various 

redox reactions o f respiration, photosynthesis and reduction of nitrates and sulphates 

(Wallihan et a l , 1958, Reddy and Reddi, 2002)

It is a component of flavoprotem like FMN (Flavin Mono Nucleotides) and 

FAD (Flavm Admosme Dinucleotide) The leghaemoglobm present in the root 

nodules of legummous crops contains iron as an essential constituent (Gupta and 

Gupta, 2005) Iron is a constituent of a large number o f metabohcally active 

compounds like cytochromes, heame and non-heame enzymes and other functional 

metalloproteins such as ferrodoxm and heamoglobm
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As redox-active metal, it is involved in photosynthesis, mitochondrial 

respiration, nitrogen assimilation, hormone biosynthesis (ethylene, gibberelhc acid, 

and jasmomc acid), production and scavenging of reactive oxygen species, 

osmoprotection and pathogen defense (Hansch and Mendel, 2009) It may also be 

associated with organic acid metabolism (citric acid, malic acid and ascorbic acid)

Fe deficiency is common in alkaline soil with typical chlorosis, the young 

leaves turns yellowish with veins remaining green Iron application mcreased the 

levels o f all leaf pigments, but the extent o f increase m level depend on the pigment 

affected (Snvastava and Smgh, 2003)

2.2.4. Essentiality of Manganese

The necessity o f Mn for the growth o f autotrophic and heterotrophic plants 

was first proposed by Mchargue (1922) Manganese is necessary for chlorophyll 

formation for photosynthesis, respiration and for the activity o f several enzymes like 

oxidase, peroxidase, dehydrogenase, kinase and decarboxylase For optimal growth 

and development plants have to accumulate at least 30 mg Mn kg-1 dry weight m 

tissues regardless o f plant species (Marschner, 1995)

Under deficient condition, the concentration o f manganese m leaves is less 

than 15ppm and m toxic condition it becomes more than 300 ppm Mn is mvolved in 

the oxygen evolving system m photosynthesis PS II (water oxidizing enzyme 

complex) It is essential for photolysis of water and also it is mvolved m nitrogen 

fixation It acts as a predommant metal ion m Kreb’s cycle (Gupta and Gupta, 2005)

Manganese is only moderately mobile m plant tissues so symptoms appear on 

younger leaves first, most often m those leaves just reaching their full size Mn 

availability is reduced m high pH calcareous soils but is often very high m the acid 

soil commonly chosen for tropical fruit production Over liming of the soils as well as 

well drained, poor, coastal sandy soils can induce Mn deficiency Mn deficiency
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causes a light green mottle between the mam vems A dark green band is left 

bordering the mam vems while the mtervemal chlorotic areas become pale green or 

dull yellowish colour (Gupta and Gupta, 2005)

Soil application o f  manganese can be ineffective due to immobilization 

especially in heavier soils or soils which have been over limed Two to three sprays 

o f  0 1 per cent manganese sulphate can be recommended (Gupta and Gupta, 2005).

2.2.5. Essentiality of Copper

Lipman and MacKmney (1931) demonstrated the necessity o f  copper for the 

vegetative growth and reproduction o f  higher plants Copper is essential for 

photosynthesis and mitochondrial respiration, carbon and nitrogen metabolism, 

oxidative stress protection and cell wall synthesis It acts as a component o f 

phenolase, lactase, tyrosine and ascorbic acid oxidase The chloroplast possesses a Cu 

containing proteins as plastoqumone and plastocyanm, which are essential for 

electron earner in photosynthesis (Gupta and Gupta, 2005)

2.2.6. Essentiality of Molybdenum

Amon and Stout (1939) demonstrated for the first time that molybdenum is 

essential for higher plants The essentiality o f  molybdenum for plant growth can be 

understood from the expression o f Amon and Stout (1939) as ‘ a gram of 

molybdenum may harness more energy, through greater conversion o f sunlight mto 

plant materials, than can be obtained from a gram o f uranium ’ Mo ions are part o f 

enzymes nitrate reductase and mtrogenase Nitrate reductase is responsible for 

reduction o f nitrate to nitrite durmg N  assimilation m plants Nitrogenase converts 

nitrogen gas to ammonia in nitrogen-fixing microorganisms

Mo plays a role m breakdown o f  purmes such as adenme and guanine because 

o f its essentiality as part o f enzyme xanthm dehydrogenase It is an essential part o f 

oxidase enzyme which converts abscisic acid aldehyde to ABA (Gupta and Gupta,



13

2005) Mo deficiency is observed m many soils and pasture legumes, vegetables 

and occasionally m fruits, it is very rare m flower crops

2 3 MICRONUTRIENT DISTRIBUTION IN INDIAN SOILS

Katyal and Sharma (1991) reported that green schist contamed the highest 

concentrations o f Zn, Cu, Mn and Fe, while sandstone was the poorest source o f  these 

micronutrients Among the sedimentary rocks, Zn content was highest m limestone 

Shale contained considerably higher content o f Fe, Mn and Cu as compared to 

limestone

Soils developed on flood plain alluvium (Fluvents) and derived largely from 

silicious sandstone exhibited strikingly lower concentrations o f Zn, Cu, M n and Fe 

than Chromusterts developed on basaltic alluvium In case o f B, sedimentary rocks 

contam more B than igneous rocks (Gupta and Gupta, 1985)

Molybdenum (Mo) is the least abundant among micronutnents in the 

lithosphere (Mortvedt, 2000) and its deficiency largely occurs m acid soils and also in 

the soils formed from parent materials low m Mo, such as sedimentary, basalt and 

granite Peaty, alkaline and poorly drained soils commonly have high Mo

The total micronutnent content (zmc, iron, manganese, copper) is adequate m 

most o f  the Indian soils, but the micronutnents concentrations in soil solution is 

insufficient to meet the demand o f growing crops (Smgh, 1991)

Iron is the important micronutnent limiting plant growth Due to the frequent 

change m its form (Fe2+ to Fe3+), its availability to plants is greatly impaired with 

croppmg sequences Available (DTPA extractable) iron varies greatly from traces to 

234 mg k g 1 m Indian soils Available zmc in Indian soils ranges from 0 08- 20 5 mg 

k g 1 soil
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The available (DTPA extractable) copper content o f the Indian soils ranges 

from traces to 32 mg kg 1 soil The highest copper deficiency was observed m soils of 

Kerala, followed by Uttar Pradesh Available (DTPA extractable) manganese ranges 

from 0 6 to 164 mg kg 1 soil m Indian soils with an average o f  25 mg kg 1 Hot water 

extractable boron ranged from traces to 8 2 mg kg 1 m Indian soils (Gupta, 2005)

The total B contents m Indian soils varied from 7 to 630 mg kg 1 o f soil 

(Prasad et a l , 2014) The available (hot water soluble -  HWS) B in Indian soils 

ranged from 0 75 to 8 0 mg B/kg (Das, 2000, Smgh, 2001)

Total Zn content m the normal soils o f  world ranged between 10-300 ppm 

with an average o f 50 mg k g 1 (Mulligan et a l , 2001) In Indian soils total Zn ranges 

from a few ppm to about 1000 ppm It ranges from 7 ppm m coarse textured alluvial 

soils (Entisols) to 284 ppm m fine textured vertisols (Ganjir et a l , 1973) Available 

Zn content in Indian soils ranges from 0 08 to 20 5 ppm

2.3.1. Extent of micronutnent deficiencies in Indian soils

Smgh (2009) reported that Green revolution had significantly mcreased the 

food crop production m India, but contmuous cultivation o f  high yielding crop 

varieties have led to depletion o f  native micronutnent soil fertility and now most o f 

the soils are showmg sign o f  fatigue for sustammg higher crop production Besides, 

this hidden hunger o f micronutnents is widely noticed leadmg to even entire failure 

o f  crops and reduced content o f  micronutnents m plant parts

Takkar et al (1989) reported that along with N, P and K  the wide spread 

deficiencies o f micronutnents are frequently seen m Indian soils 43 per cent of 

Indian soils are deficient m Zn High phosphate content o f soils or high fertilization 

with phosphate may reduce the uptake o f zmc and other nutnents (Dadhich and 

Somam, 2007, Kizilgoz and Sakin, 2010)
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Deficiency o f  micronutrient has become a major constraint to the 

productivity, stability and sustainability o f  crops m many Indian soils and may further 

deteriorate due to global warming (Kumar et a l , 2011) Till date, analysis of 

3, 00,000 soil samples indicated that the average deficiency of Zn, Fe, Mn and Cu m 

Indian soils are 44, 15, 6 and 8 per cent respectively (Shukla and Behera, 2012) 

Similarly, the analysis o f 50,000 soil samples showed B and Mo deficiencies of 33 

and 13 per cent respectively B deficiency is reported more in acid soils than other 

parts o f the country due to leaching o f available B and contmuous depletion o f total 

soil reserved B

Zinc deficiency is prevalent m the soils havmg high pH, low organic matter 

and which are calcareous, sodic, sandy and limed acidic in nature (Rattan and 

Sharma, 2004) Much of the Zn associated with the solid phase is not available for 

plant uptake (Lake et a l , 1984) It is estimated that 30 per cent of the world’s 

cultivated soils are deficient in zmc (Suzuki et a l , 2006)

B has emerged as an important micronutnent m Indian agriculture, next only 

to zmc m the context o f the spread o f its deficiency (Sathya et a l , 2009) In India, 

boron deficiency was initially reported 2 per cent m the year 1980 (Katyal and Vlek, 

1985), which has now mcreased to 52 per cent (Singh, 2012) Deficiencies o f B m 

Indian soils ranged from 2 per cent in alluvial soils (Ustipsamments) o f Gujarat, to 68 

per cent in red soils (Calciorthhents, Haplustalfs) in Bihar, with a mean o f 33 per cent 

for the whole country (Smgh, 1999, Smgh, 2006)

Mn deficiency is emerging very fast, particularly m wheat crops grown after 

rice m Haryana and Punjab due to contmuous leachmg of Mn from the surface layers 

of the coarse textured soils (Shukla et a l , 2012)

Now, multi-nutnent deficiencies are emerging m many states of the country 

The Zn+Fe m swell-shrink soils, Zn+Mn or Zn+Fe+Mn m alluvial soils o f Indo- 

Gangatic alluvial plams, Zn+Fe, Zn+B, Zn+Fe+B m highly calcareous soils o f  Bihar,
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Saurashtra, Zn+B in acid leached alfisols, red and laterltic soils o f India are leading to 

stagnation or a decline in productivity (Shukla and Behera, 2011)

Shukla et al (2012) confirmed that m acid soils o f  India, most o f  the soil 

samples mdicated an adequate supply o f  Cu, Fe and Mn, low deficiencies o f  Zn 

(30 %) and higher deficiencies o f B (46 %) and Mo (50 %)

Analysis o f  20,000 plant samples for Zn, Cu, Fe and Mn mdicated 

deficiencies o f  44, 10, 6 and 4 per cent respectively, suggestmg that the increasing 

multi-micronutrient deficiencies m soils and crops also affect animals and humans 

health along with crop productivity (Shukla et a l , 2012)

Iron deficiency is a widespread agricultural problem that decreases plant 

growth and crop yields Fe deficiency is a common nutritional disorder in many crop 

plants, causmg chlorosis, poor yields and reduced nutritional quality Increasmg 

available Fe levels in major staple food crops is an important strategy to reduce Fe 

deficiency m people (Mon, 1999)

Manganese is a nutrient found in plant tissue at concentrations ranging from 

10 to 500 mg k g 1 or more In most plants, it is deficient at less than 10 mg k g 1 and 

toxic when the concentration exceeds about 300 mg k g 1 (Sturgul, 2010)

The typical Cu content in plants ranged between 0 08-0 24 mmol g 1 dry 

weight and Cu toxicity generally occurs when the plant tissue level exceeds 0 4 mmol 

g 1 dry weight (Macmcol and Beckett, 1985)

2 4 STATUS OF MICRONUTRIENTS IN KERALA

Major soils o f  Kerala, derived from acid igneous rocks are deficient m Boron 

(SSO, 2007) Moreover, being highly mobile in the soil (Tisdale et a l , 1985), 

leachmg losses further aggravate B insufficiency m the high rainfall zones o f Kerala, 

frequently leadmg to development o f deficiency symptoms m crop plants
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Investigation on micronutrient status o f cardamom- growing soils o f  Kerala 

conducted by Srmivasan et al (1993) indicated that available iron ranged from 

14 6-65 8 ppm, available manganese from 1 3 to 44 8 ppm, available copper from 

0 66 to 32 2 ppm, available zmc from 0 01 to 2 71 ppm, available boron from 0 05 to 

3 7 ppm and available molybdenum from 0 01 to 11 1 ppm

Soils o f  Kerala are high in iron and manganese indicating highe sesqui-oxide 

contents Toxic levels o f these elements are often observed m wetlands and 

deficiency o f these elements has been very rarely reported, except from coastal sands 

and also the neutral to alkaline soils o f  Palakkad district 31 per cent o f Cu 

deficiency is obseverd in kerala soils In case o f Zmc, deficiency was observed m 

Palakkad region Widespread B deficiency has been observed in most o f the districts 

with characteristic symptoms expressed in banana and cononut (DAO, 2013)

Srmivasan et al (1993) reported that 68 per cent o f cardamom - growing areas 

o f  Kerala is deficient m zmc, 49 per cent deficient in boron, 28 per cent deficient m 

molybdenum and 9 per cent deficient m manganese

Evaluation o f  Soil fertility status o f  Kasargod district conducted by Suresh et 

al (2014) revealed that Kasarogod soils are 78 per cent deficient in B, 8 per cent 

deficient m Zn and 3 per cent deficient m Cu

Fe and Al toxicity is very wide spread disorder in acid sulphate soils of 

Kuttanad region and often leads to declmmg o f  crop yield o f 50 to 70 per cent 

(Thampatti et a l , 2005) The total Mn content o f Kuttanad soils normally ranged 

between 28-350 mg kg' 1 (Rajendran and Aiyer, 1981, KAU, 1994) and total Fe 

content ranged from 2 75 to 7 72 per cent

2 5 FOLIAR APPLICATION OF MICRONUTRJENTS

Foliar spray o f  micronutnents is the most effective way to control nutritional 

deficiency problems than soil application (Torun et a l , 2001) Foliar spray o f
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nutrients is preferred and gives quicker and better results than the soil application 

(Jamal et a l , 2006) Generally, foliar application is very fast method for providmg 

required elements m plants because nutrients are absorbmg very quickly as compared 

with absorption that through plant roots (Hashemy et a l , 1998)

Foliar application o f nutrients has become an efficient way to improve yield 

and quality o f crops (Roemheld and El-Fouly, 1999, Sarkar et a l , 2007) In and and 

semiand regions, foliar application o f nutrients is the most suitable option as 

compared with soil fertilization when the roots were not able to provide necessary 

nutrients to plants (Kaya et a l , 2005, Kmaci and Gulmezoglu, 2007, Babaeian et a l ,

2011)

Other advantages are application o f  smaller quantity and thus, reducmg 

toxicity arises from excessive accumulation o f elements and preventing fixation o f 

nutrients m soil (Malakouti and Tehrani, 1999) It may mcrease the efficacy o f 

fertilizer use (Silberbush, 2002)

Application o f fertilizers on leaves o f growmg plants with suitable 

concentrations is termed as foliar application Foliar feedmg is a relatively new and 

controversial technique (Bernal et a l , 2007 and Baloch et a l , 2008) It is most 

economical way o f fertilization, especially when sink competition for carbohydrates 

among plant organs take place, while nutrient uptake from the soil is restricted 

(Kannan, 1986 and Smgh, M V , 2007)

In the early o f 1950’s the commercial production o f mixed liquid fertilizers 

was started m United States and now it has been popularized m many countries 

(Wiley-VCH and Wiley-VCH, 2007)

For foliar fertilizers to be utilized by the plant for growth, the nutrient must 

first penetrate the leaf surface prior to entering the cytoplasm of a cell withm the leaf
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Penetration o f  foliar nutrients occurs through the cuticle the stomata, leaf hairs and 

other specialized epidermal cells (Fernandez and Eichert, 2009)

Foliar application o f  micronutrients resulted in quick absorption o f  nutrients 

by leaf epidermis and transported to other plant parts through xylem and phloem 

vessels (Hasslett et a l , 2001, Nasiri et a l , 2010)

Foliar feeding o f nutrient promotes root absorption o f the same nutrient or 

other nutrients by enhancing root growth and nutrients movement from terminal 

leaves to depth roots (El-Fouly and El-Sayed, 1997)

Recently foliar application o f  nutrients has become an important practice in 

crop production while soil application o f  fertilizers is the basic method (Alam et a l , 

2010)

L eaf feedmg enhances overall nutrient level m the plant and sugar production 

durmg times o f  stress and it also mcreases biochemical activities m the leaf by 

mcreasmg chlorophyll a, b and carotenoids, which presumably favour the 

photosynthesis Similarly, Shitole and Dhumal (2012) found that foliar application o f 

micro-nutrients mcreased the primary metabolites like photo synthetic pigments and 

organic constituents o f Cassia angustifolia

Foliar feedmg was more efficient than soil application m such a way, N- 6 

times more efficient, B- 4 times more efficient, Mn- 30 times more efficient, Zn- 20 

times more efficient, P- 20 times more efficient and Mo- 14 times more efficient than 

soil application (Dixon, 2003) Likewise, Liew (1988) advocated that foliar 

application o f  micro-nutrients is 6-20 times more efficient than soil application, 

depending upon various soil types

Foliar spray o f zmc, boron and copper has been reported to be equally or even 

more effective way to overcome micronutrients deficiency in subsoil as compared to 

soil application (All et a l , 2009, Hussamn et al ,2012)
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Foliar application micronutnent leads to increase m grain yield components 

and protein percentage o f wheat, maize, rice, barley and sorghum (Boorboori et a l ,

2012)

Foliar application o f water soluble iron contammg compounds may be applied 

in alkaline soil conditions to meet out the iron requirement o f  crops Foliar spray o f 

Ferrous sulphate (0 5 per cent) solution is required repeatedly if  chlorosis symptoms 

persist (Patricia et al ,2010)

Moosavi and Ronaghi (2011) found that both soil and foliar application o f Fe 

and Mn notably mcreased the shoot concentration and uptake m soybean plant 

However, foliar feedmg was found to be efficient than soil application

Copper has been used as a fungicide even before it was recognized as an 

essential plant nutrient (Graham and Webb, 1991)

Therefore, foliar feedmg o f  nutrients has become an established procedure m 

crop production to mcrease yield and quality o f  crop products (Roemheld and 

El-Fouly, 1999) and it also minimizes environmental pollution and improves nutrient 

utilization through reducmg the amounts o f  fertilizers added to the soil (Abou-El- 

nour, 2002)

2 6 MICRONUTRIENT MIXTURE ON GROWTH AND YIELD OF CROPS

Muthukrishnan and Velu (2011) developed and evaluated a micronutrient 

formulation for sugarcane and concluded that 92 5 kg MN formulation II as enriched 

farm yard manure contammg 50 kg F eS04, 5kg M nS04, 30 kg Z nS04, 2 5 kg C uS04 

and 5 kg o f borax may be recommended for sugarcane for maximizing yield with 

higher B C ratio Increased cane yield with higher levels o f  micronutnent mixture 

maybe attributed to the complementary and supplementary effect o f fertilizers and 

FYM
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A multi-micronutrient mixture having a composition o f  Zn (9 5 %) + B (2 6 

%) + Cu (1 2%) + Mg (2 4 %) + N (0 46 %) was developed and found that 0 5 per 

cent o f multi-micronutrient mixture was significantly improved the growth and yield 

o f okra variety Varsha Uphar (Mini, 2015)

Micronutrients play a vital role m enhancing the productivity o f  crops 

Optimum fertilization and manuring are prime need for the growth and yield o f 

banana (Srmmonds, 1966)

El-Magid et al (2000) found that application o f  NPK with foliar spraymg o f  

various micronutnent mixture containing Fe, Mn, Cu, Zn, B, Mg, S and Mo (m the 

brand names, Satnte SF, Borocol BSF-12 and M icnelf MS-12) mcreased the gram 

yield o f  rice

Shueadshen (1991) reported that foliar application o f 0 1 per cent B, Fe, Cu, 

Co, Zn and Mn at tillering stage has mcreased number o f spikelets per panicle and 

gram yield and decreased the spikelet sterility

Durairaj (1993) reported that combmed foliar application o f  20ppm humic 

acid and 25ppm ZnSC>4 gave highest yield o f paddy

Modaihsh (1997) found that combmed application o f  micronutrients either m 

chelated or non-chelated forms resulted m higher biological and gram yields in wheat 

than the individual application o f  micronutrients

El-Magid et al (2000) reported that foliar spray o f  micronutrients contammg 

Fe, Cu, Zn and Mn mcreased the gram and straw yields o f  wheat

Field experiment on the effect o f various micronutrients such as Zn, Cu, Fe, 

Mn, B and a commercial micronutrient mixture (Brand name- Zarzameen) resulted m 

maximum gram yield, straw yield and dry matter o f wheat (Asad and Rafique, 2002)
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According to Patel et al (2008), foliar application o f  1 per cent micronutnent 

mixture (containing Fe - 4 %, Mn -1 %, Zn - 6 %, Cu - 0 5 % and B - 0 5 %) at 30, 

40, 50 days after sowing recorded highest plant height, number o f  tillers per plant, 

shoot weight, gram weight and mcreased uptake o f micronutnents

Foliar spray o f micronutnents (containmg Fe - 1 %, Mn - 2 %, Zn - 2 %, 

Cu - 1 %, B - 1 %) on wheat mcreased the plants height, grams per spike, biological 

yield, harvest mdex, 1000-gram weight, straw and gram yield (Khan et al ,2010)

Combmed foliar spraymg o f  0 5 per cent FeSC>4 and 0 5 per cent ZnS04 is 

most effective and increases seed yield by 43 1 per cent m cowpea cultivated oxisols 

o f Kerala (Anitha et a l , 2005)

Katkar (2005) concluded that 3 sprays o f  MgSC>4 (1 %) + ZnSC>4 (0 5 %) at 

squaring, flower mg and boll development stage are recommended to obtam highest 

yield o f  cotton

Accordmg to Namdeo (1992), combmed application o f  recommended NPK 

rate (120 60 60 kg ha ’) + Foliar spray o f  one per cent M icnelf MS-16 (consisting o f 

Zn, Cu, Fe, Mn, Mo and B) at 30, 65 and 90 days after sowing resulted m highest 

seed cotton yield of 8 121 ha 1

Foliar fertilization o f  micronutnent mixture (Brand name- Agripower N- 

180,000 ppm, K- 1000 ppm, M g -100 ppm, Zn- 100 ppm, B-100 ppm, Fe- 1000 ppm, 

Cu- 20 ppm and Mn- 100 p p m ) improved the growth and yield paramenters o f okra 

plants such as days to flowering, plant height, number o f  branches p la n tn u m b e r  o f 

fruits p lan t1 and fruit length (Abbasi et al ,2010)

Patel et al (2009) confirmed that green fruit yield of okra significantly 

improved with foliar application o f multi-micronutrient mixture
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According to Datir et al (2010), application o f 2 per cent organically chelated 

micronutnent mixture containing Zn, Cu, B and Fe on okra increases plant height, 

leaf area and yield per plant

Suryanarayana and Rao (1981) mvestigated that foliar application o f Fe with 

Zn, Cu, Mn, Mg, B and Mo in a chelated form (brand name- Agromin) resulted in 

maximum growth traits o f okra

Application o f Cu - 20 ppm, Mn - 100 ppm and Zn - 50 to 100 ppm 

significantly increased the yield parameters like fruit set percentage, number of seeds 

per pod and total dry bean yield oiPhaseolus vulgaris cv Giza-3 (Gabal et a l , 1985)

Yousefi and Zandi (2012) observed that foliar spray o f Zn + Mn resulted in 

highest seed number, fruit yield, seed yield and oil content of pumpkm (Cucurbita 

pepo L )

Yadav et al (2009a) reported with three times foliar application o f multiplex 

(0 5 %) gave highest marketable head yield o f cabbage with maximum net returns 

and maximum vegetative growth (number o f leaves per plant, more head diameter, 

higher individual head weight as well as foliage yield)

Kanujia et al (2006) found that maximum plant spread, number o f non

wrapper leaves, head diameter, head weight and head yield o f cabbage var ‘Golden 

Acre’ were recorded with foliar application o f micronutnent mixture (Zn, Fe, B, Mn, 

Cu and Mo) @ 100 ppm

Mishra et al (2012) reported that maximum number o f fruits per plant and 

yield o f tomato cv Utkal Urbasi was obtamed with foliar spray o f micronutrient 

mixture containing Zn-100 ppm, B- 100 pmm, Fe- 100 pmm, Mn- 100 ppm, Cu- 100 

ppm and Mo- 50 ppm
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Naruka et al (2000) found that foliar application o f Zn and Mo at 0 2, 0 4 and 

0 6 % and 30, 60 and 90 ppm respectively significantly mcreased the plant height, 

number o f  fruits, fruit diameter and fruit yield o f okra cv Pusa sawani

Studies conducted by Sivaiah et al (2013) m tomato (Lycopersicon 

esculentum M ill) reported that foliar application o f micronutnents either alone or m 

combination, enhances plant growth characterstics viz plant height, number o f 

primary branches and compound leaves, fruit weight, seed yield and seed weight

Bhatt and Snvastava (2005) claimed that fresh and dry matter weight o f 

tomato fruits, uptake o f  all the macro and micronutnents has remarkably influenced 

by the foliar spray o f  micronutrient mixture (Zn, Fe, B, Cu and Mn as 100 ppm and 

Mo - 50ppm)

Foliar application o f micronutnents recorded higher fruit yields o f brinjal than 

soil application (Selvi and Thiageshwari, 2002)

Al-Jobori and Al-Hadithy (2014) reported that application o f full 

concentration o f  micronutrient mixture containing 330 g ZnSC>4 + 330 g MnSC>4 + 

150 g FeSC>4 + 80 g CUSO4 m 1 litre significantly mcreased the number o f  tuber / 

plant, mean tuber weight, total yield and dry matter percentage o f potato 

(Solatium tuberosum)

Accordmg to Pal et al (2004), foliar application o f Boron and Zmc @ 1000 

ppm has significantly mcreases fruit base diameter, fruit weight and pericarp 

thickness as well as foliar application at 2000 ppm Boron mcrease quality traits like 

TSS, ascorbic acid, acidity and carotene content o f bell pepper 

(iCapsicum annuum L)

Smgh and Rajput (1976) found that various combinations o f  foliar application 

o f Zn (0 1 ,0  2 and 0 4 %), Fe (0 1, 0 2 and 0 4 %) and B (0 1, 0 2 and 0 4 %) has
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increased the length o f  terminal shoot, plant height, number o f leaves and leaf area 

per shoot o f  mango tree

Studies conducted by Ghosh et al (1995) revealed that highest yield was 

obtained m 0 75 per cent brand name Multiplex- Trace elements formulation I with 

62 7 kg/plant as compared to control (37 0 kg/plant) and fruit weight was highest m 

0 70 per cent brand name Tracel- Trace elements formulation II in Mango cv 

Himsagar

Accordmg to Bhatt et al (2012), foliar spray o f  0 5 per cent borax on mango 

trees showed highest fruit yield, fruit weight and fruit volume

Gurjar et al (2015) revealed that foliar application o f  1 per cent ZnSC>4, 1 per 

cent FeSCU and 0 5 per cent borax on Alphonso mango (Mangtfera indica L ) 

mcreased number o f fruits per tree, fruit weight, yield tre e 1 and decreased the fruit 

drop

Modi et al (2012) revealed that foliar application o f  ZnSC>4 0 5 per cent and 

borax 0 3 per cent at 30, 60 and 90 days after transplantmg on papaya cv Madhu 

Bmdu exerted great influence on plant height, stem girth, number o f  leaves, earlier 

initiation o f flower bud, minimum days taken from fruit setting to first harvest, 

weight o f fruit, number o f  fruit and yield o f fruits per plant with maximum yield per 

hectare

Foliar sprays o f  Zn 0 5 per cent + B 0 1 per cent at 4th, 8th, 12th and 16th 

months after planting improved the total number o f  fruits per tree, fruit characters, 

fruit and latex yield o f papaya (Kavitha et a l , 2000a)

The monthly spray o f  FeSC>4, ZnS04 and borax @ 0 1  per cent with or 

without combmation were effective m mcreasmg the plant height and girth o f  papaya 

as compared to control (Veena and Lavania, 1998)
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Smgaram and Prabu (2001) reported that foliar application o f  ZnS04 @ 0 5  

per cent + borax @ 0 2 per cent resulted m highest shoot length, number o f 

mtemodes per shoot and number o f leaves per shoot o f  grapes

Foliar application o f Zmc (0 6 %), Copper (0 3 %) and Boron (0 3 %) 

enhanced the growth and vigour o f  Litchi plant (Babu and Smgh, 2002)

Afha et al (1999) reported that foliar spray o f  ZnSC>4 + FeSC>4 + Borax m 

pomegranate resulted m maximum number o f  fruits p l a n t f r u i t  weight and yield 

p lan t1

Bhambota et al (1962) found that application o f  Zmc (0 6 %) + Iron (0 4 %) 

significantly mcreased the number o f fruits, mean weight o f  fruit, diameter and 

volume o f each fruits o f  citrus

Foliar spraymg o f  Zn and Fe at 0 5 per cent (4 sprays) considerably mcreased 

the chlorophyll content o f  acidhme (Patel and Patel, 1985)

Muthukrishnan and Velu (2011) reported that micomutrient mixture 

formulation enriched with farmyard manure m sugarcane will largely helps to 

manage the micronutnent deficiency problems effectively and it clearly reveals that 

the positive improvement of growth and development due to conjoint use o f NPK 

with organic and micronutrient fertilization

Mammaran et al (2009) reported that application recommended dose o f 

fertilized Acetobacter @ 10 kg h a '+  foliar spraymg o f  1 per cent micronutnent 

mixture at 45 and 75 DAR resulted m maximizing smgle cane weight, cane yield and 

sugar yield

Foliar spray o f  micronutnent mixture o f  EDTA chelated Cu, Zn, Mn and Fe 

on capsicums cv Vmedale as 5 sprays at 15 days intervals resulted m mcreased in 

yield and fruit colour (Navrot and Levm, 1976)
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Senthamizhselvi (2000) found that combmed application o f  zmc sulphate - 4 g 

and ferrous sulphate - 8 g per plant through soil and 0 5 per cent o f  zmc sulphate and 

1 per cent o f ferrous sulphate through foliage exerted significant influence on plant 

height, number o f shoots, plant spread and leaf area m Jasmmum sambac

Katiyar et al (2012) reported that foliar application o f  Zn at 0 5 per cent was 

effective to mcrease leaf length, number o f leaves, size o f  spike, thickness o f  spike 

and floret o f gladiolus plants

Foliar application o f micronutnents resulted m mcreased number o f branches, 

number o f  leaves per plant, number o f blmd shoots, vase life o f flower, number of 

flower per plants m rose under polyhouse condition (Jagtap et al ,2012)

Balaknshnan (2005) claimed that foliar application o f  zmc sulphate - 0 5 per 

cent + ferrous sulphate - 0 5 per cent sprayed at 30 and 45 days after planting m 

marigold significantly mcreased stem girth, plant spread, number o f  branches per 

plant and dry matter production

Foliar feedmg o f  plants with ferrous sulphate + zmc sulphate + manganese 

sulphate @ 0 2 per cent each resulted m increasing flower yield per plant, flower 

diameter and plant height m gerbera (Balaknshnan, 2005)

Ahmad et al (2010) revealed that combined application B and Zn m rose 

plants resulted m mcreasing plant height, number o f leaves branch ’, leaf area, 

number o f flowers p lan t', flower stalk length and leaf Zn contents

2.6.1. Effect of micronutrient mixture on growth and yield of banana

Foliar application o f  micronutnent mixture (Mg, Fe, Zn, Cu and Mn) resulted 

in highest bunch weight, number o f  hands and fingers per bunch, higher numbers o f 

green leaves per plant and decreased bunch shootmg period o f  Hindi banana 

[M cavendeshu) (Abdel-Kader et a l , 1992)
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Das and Mohan (1993) reported that the maximum plant height, leaf area and 

number o f  functional leaves were obtamed with a combination o f B, Zn, Cu and Mn 

applied at 3 and 5 months after plantmg o f  banana cvs 'Chemchampa' (AAB), 'Jahaji' 

(AAA) and 'Barjahaji1 (AAA)

Ghanta and Mitra (1993) found that the combmed application o f  Zn (0 3 %), 

Cu (0 1 %) and B (0 2 %) showed the best response in plant growth at flowering in 

terms o f  height, girth o f  pseudostem and number o f leaves per plant and also it 

mcreased the yield parameters such as number o f hands per bunch, number o f fingers 

per bunch, bunch weight and yield per hectare in banana cv Giant Governor

Suresh and Savithri (2001) observed that soil application o f N, P, K  and foliar 

spray o f  nutrients (1 % DAP + 1 % MOP + 0 5 %  Z nS04+ 0 3 % C uS04+ 0 2 % 

Borax) in addition to liming caused substantial increase m bunch yield o f banana

Foliar application o f micronutnent mixture (ZnS04 - 0 5 % ,  FeS04 - 0 2  %, 

C uS04 - 0 2 % and H3B 0 3 - 0 1 %) at 3, 5 and 7 months after plantmg o f  banana 

mcreased bunch weight and TSS in ripe fruits (Kumar and Jayakumar, 2001)

Phenotypic correlation analysis o f 13 biometric characters o f banana cv 

Nendran showed that bunch length, number o f hands and number o f  fmgers had 

highly significant correlation with yield Plant height exerted the highest direct effect 

on bunch yield while the pseudostem girth, leaf area and leaf area duration 

contributed indirectly through their effect on plant height (Kumar, 2001)

Spraymg o f Zn (1 %) + B (0 5 %) produced the highest plant height, number 

o f  functional leaves, petiole length, number o f suckers, number o f hands per bunch, 

number o f fmgers per bunch, hand distance, hand weight, bunch length and bunch 

weight o f dwarf cavendish banana (Musa, AAA, sub-group-cavendish, cv Giant 

Governor) (Mandal et a l , 2002)
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Studies conducted by Yadlod and Kadam (2008a) on the effect micronutrients 

(Musa s p ) cv Grand Name revealed that early maturity (98 3 days) and mmimum 

number o f  days required for ripening were observed with foliar spraymg o f 

micronutrients mixture 1 per cent (two sprays) Maximum length (21 9 cm) and girth 

(15 5 cm) o f fingers, maximum weight o f ripe finger (137 5 g) were also recorded

Yadlod and Kadam (2008b) revealed that foliar spraymg o f  micronutrients 

mixture 1 per cent (two sprays) resulted m maximum weight o f  bunch (23 8 kg), 

finger length (23 0 cm), finger girth (17 0 cm) and weight o f mature finger (185 6 

gm) and mmimum number o f  days required for ripenmg o f  banana (Musa s p ) cv 

Shrimanti (10 7 days)

Yadlod and Kadam (2008c) claimed that Micronutrients mixture 1 per cent 

two spray in banana (Musa s p ) cv Ardhapuri enhanced the plant height (179 2 cm), 

pseudostem girth (67 3 cm) and number o f leaves (14 2) Early maturity 

(106 0 days), Maximum finger length (22 0 cm) and girth (16 2 cm) and early 

ripenmg (9 8 days after harvesting) were also recorded with micronutrient mixture 

1 per cent Maximum mcrease m weight o f mature finger was found m two sprays of 

1 per cent micronutnents mixture (178 3 g) followed by micronutrients mixture 1 per 

cent one spray (171 3 g)

Jeyabaskaran and Pandey (2008) reported that under high soil pH condition 

micronutnent such as Fe, Zn and B applied through foliar spray which resulted m 

higher pseudostem height, girth, total leaf area and bunch weight, number o f  fmgers 

per bunch o f Karpuravalli banana

Yadav et al (2010) reported that the higher level o f  chelated zmc (Zn-EDTA) 

with MnSC>4, CUSO4, and Borox mduced early and vigorous vegetative growth m 

terms o f height and girth o f  the pseudostem, number o f leaves and total leaf area 

consequently and also induces early inflorescence emergence m the plant and reduced 

the crop duration Ultimately the treatment with micronutnents produced the plant
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with higher bunch weight, number o f hands and fingers per bunch, length and girth o f 

finger and yield per hectare It also produced favorable effect on fruit quality in 

terms o f  TSS, total sugars and reducmg sugars, sugar/acid ratio and acidity percent

Patel et al (2010) observed that the foliar application o f ZnSC>4 (0 5 %) + 

FeS04 (0 5 %) o f banana cv Basrai at 3rd, 5th and 7th months after planting resulted m 

highest bunch weight, bunch length, bunch girth, number o f hands per bunch and fruit 

yield

Accordmg to Pathak et al (2011), the combined application o f Fe (0 5 %) 

and Zn (0 5 %) on banana cv Martaman (AAB, Silk) showed best response to plant 

height, basal girth o f pseudostem, number o f leaves, bunch weight, bunch length, 

bunch breadth, hands per bunch, fingers per bunch, days to shooting days to harvest, 

finger length, finger breadth, crop duration and days to ripenmg

Integrated Nutrient Management involving supply o f  50 per cent o f nutrients 

by spray on leaf and bunch (0 5 % Urea, 0 5 % SOP, 0 2 % ZnS04 and 0 1 % Boric 

Acid) four sprays on leaf from 5th months to 8th months improve quality m banana 

(IIHR, 2013)

Anjah et al (2013) found that foliar spraymg o f micronutrient mixture 

containing Z nS04 (0 5 %) + FeS04 (0 5 %) + CuS04 (0 2 %) + H3BO3 (0 1 %) 

mcreased the growth and yield parameters o f  banana cv Grand Name such as plant 

height, pseudostem girth, number o f leaves per plant, leaf area, bunch weight, number 

o f hands per bunch, number o f fingers per bunch and yield (t ha ’)

2 7 MICRONUTRIENT MIXTURE ON QUALITY OF CROPS

Application o f Zn, Fe and Mn at 0 1 and 0 2 per cent resulted in considerable 

improvement o f TSS, sugars and ascorbic acid contents m mango fruit at harvest as 

well as on ripenmg as compared to control (Dutta and Dhua, 2002)
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Foliar spraymg o f  Zmc @  0 1 per cent alone or in combination with B @ 0 4 

per cent and Cu @ 0 05 per cent mcreases TSS content o f  mango fruit cv Langra 

(Panwar and Smgh, 2007)

Foliar spraymg o f Boric acid 0 02 per cent on mango cv Alphonso 

significantly mcreased the total sugars, reducmg sugars, non- reducmg sugars, TSS, 

ascorbic acid, carotenoids and sugar acid ratio (Sankar et a l , 2013)

Kanujia et al (2006) found that maximum shelf life o f  cabbage var ‘Golden 

Acre5 was recorded with foliar application o f micronutrient mixture (Zn, Fe, B, Mn, 

Cu and Mo) @ 100 ppm

Foliar spray o f  Zn, B, and Mo at the rate o f 0 2 per cent ZnS04, 0 4 per cent 

boric acid and 0 05 per cent ammonium molybdate, smgly and m various 

combination on Guava revealed that maximum TSS, ascorbic acid, reducmg and non 

reducmg sugars were obtamed with combmation o f Zn, B and Mo (Smgh and 

Chonkar, 1983)

Foliar spray o f  Zn @ 0 5 per cent + B @ 0 1 per cent at 41h, 8th, 12th and 16th 

months after plantmg m papaya mcreased total sugars, reducmg sugars, non-reducmg 

sugars, ascorbic acid and sugar acid ratio, m association with bio-chemical traits 

(Kavitha et a l , 2000b)

Prabu and Smgaram (2001) reported that the application o f ZnSC>4 at 0 5 

per cent + borax at 0 2 per cent through foliage mcreased the TSS, reducmg sugars, 

total sugars and sugar acid ratio and reduced acidity o f  grapes

Sarkar et al (1984) studied that the foliar application o f Zn, Cu, B and K on 

litchi increased the pulp weight, total sugars and TSS over control
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Foliar spray o f  various concentrations o f  Z nS04 and borax increased the pulp 

weight, pulp peel ratio, TSS and sugar acid ratio and significantly decreased the 

acidity o f  litchi (Rani and Brahmachari, 2001)

Studies conducted by Dixit et al (1977) revealed that the sprays o f Z nS04 and 

FeS04 on Kinnow mandarin, improved the juice content, TSS, total and reducmg 

sugar, sugar acid ratio and ascorbic acid content

Haque et al (2000) found the maximum total sugar content, reducing sugar 

content, non-reducing sugar content and ascorbic acid content m fruit juice with 

spraymg o f Z nS04 @ 0 5 per cent m Mandarm orange

Modi et al (2012 ) revealed that foliar application o f Z nS 04 0 5 per cent and 

borax 0 3 per cent at 30, 60 and 90 days after transplanting on papaya cv Madhu 

Bindu exerted great influence on ascorbic acid, total soluble solids, reducmg sugar, 

non-reducmg sugar and total sugar

Mishra et al (2012) reported that maximum TSS and Lycopene content o f 

tomato cv Utkal Urbasi was obtained with foliar application o f micronutnent mixture 

containing Zn-100 ppm, B- 100 pmm, Fe- 100 pmm, M n -100 ppm, Cu- 100 ppm and 

M o- 50 ppm

2.7.1. Effect of micronutrient mixture on fruit quality of banana

Ghanta and Mitra (1993) observed that TSS, total sugars, reducing sugars, 

Pulp peel ratio, sugar acid and ascorbic acid content o f banana cv Giant Governor 

were highest with foliar application o f  0 3 per cent Zn + 0 1 per cent Cu + 0 2 per 

cent B at 3 and 5 months after planting

Das (1995) reported that the maximum TSS and total sugars were obtamed 

with foliar spraymg o f B + Zn + Cu at 3 and 5 months after plantmg o f banana cvs 

'Chemchampa' (AAB), 'Jahaji' (AAA) and 'Barjahaji' (AAA)
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Pertin and Das (1998) revealed that in addition to NPK fertilizers, Zn, Fe, Cu 

and B were applied separately at 0 5, 0 2, 0 2 and 0 1 per cent, respectively, or in a 

combination increased the plant growth o f banana cv Barjahaji

Foliar application o f  ZnSC>4 (0 5 %) + FeS04 (0 2 %) + CUSO4 (0 2 %) + 

H3BO3 (0 1 %) at 3, 5 and 7 months after plantmg mcreased the pseudostem girth, 

number o f leaves and total chlorophyll content, bunch weight and total soluble solid 

content o f  banana {Musa AAA) cv Robusta (Kumar and Jayakumar, 2001)

Suresh and Savithri (2001) found that the soil application o f  N, P and K and 

foliar spray on nutrients (1 % DAP + 1 % MDP + 0 05 % ZnSC>4 + 0 2 %  CUSO4 + 

0 2 % Borax) m addition to liming had mcreased the TSS, sugar acid ratio and 

decreased the titrable acidity o f  banana

Jeyabaskaran and Pandey (2008) reported that under high soil pH condition 

micronutrient such as Fe, Zn and B applied through foliar spray which resulted m 

maximum total soluble solids, acidity and TSS/acid ratio o f Karpuravalli banana

Micronutnent mixture 1 per cent at two times spraymg in banana cv Grand 

Name significantly mcreases the total sugars, reducmg sugars and non-reducmg sugar 

content and minimizes per cent loss m weight durmg ripening (Yadlod and Kadam, 

2008a)

Patel et al (2010) observed that the foliar application o f  ZnS04 (0 5 %) + 

FeS04 (0 5 %) o f banana cv Basrai at 3rd, 5th and 7th months after plantmg resulted in 

highest ascorbic acid content, reducmg sugars and total sugars

Accordmg to Pathak et al (2011), the combined application o f  Fe (0 5 %) and 

Zn (0 5 %) on banana cv Martaman (AAB, Silk) showed maximum sugar acid ratio 

(47 7), non-reducmg sugar (10 0 %) also showed considerable improvement on total 

soluble solids (25 5 °Brix) and total sugar (17 24 %) content o f pulp
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Maeda et al (2011) confirmed that foliar spraymgof zinc sulfate + citric acid 

+ EDTA + iron sulfate + manganese sulfate + magnesium sulfate (9 4 % S, 5 % Zn, 1 

% Fe, 1 % Mn, 1 % Mg, 1 5 % citric acid, and 4 3 % EDTA) has profound to mcrease 

TSS, Titratable acidity ofpmeapple

Yadav et al (2011) recorded maximum TSS and other quality parameters of 

banana cv Grand Name with Recommended dose o f fertilizers (200+90+200 NPK 

g/plant) + 40 g Zn EDTA + 20 g M nS04 + 5 g Q 1SO4 + 10 g Borax/plant

Accordmg to Bhatt et al (2012), foliar spray o f  0 5 per cent borax on mango 

trees showed highest TSS, reducmg sugar, non reducmg sugar and ascorbic acid 

content

Bauri et al (2014) reported that foliar spramg o f Borax (0 1 %) at 5 and 20 

days after last hand openmg showed maximum total soluble solids (26 7 °Brix), total 

sugar (14 6 %) and sugar acid ratio (45 5) o f banana cv Martaman (Musa AAB, 

Silk)

Nmgavva et al (2014) found that the maximum pulp weight (147 2 g), peel 

weight (42 9 g), pulp to peel ratio (3 4), TSS (28 5 °Brix), reducmg sugar (16 0 %), 

non reducmg sugar (2 9 %), total sugars (19 0 %), Titrable acidity (0 3 %) and Sugar 

to acid ratio (65 4) o f Ratoon Banana cv Grand Name were recorded with 100 per 

cent RDF (100 108 200g NPK/plant) + foliar spray o f Z nS04 (0 5 %) + boron 

(0 2 %) with double suckers per hill

Paul and Nair (2015) reported that foliar spray o f Z nS04 1 0 per cent + FeS04 

0 3 per cent + C uS04 0 2 per cent + H3BO3 0 2 per cent + (NFL^MoCU 0 03 per cent 

recorded highest total sugar (19 4 %) and reducmg sugar (16 9 %) and mmimum non 

reducmg sugar (2 5 per cent) o f banana (Musa AAB) Nendran



35

2 8 EFFECT OF MICRONUTRIENTS ON NUTRIENTS CONTENT IN LEAF

Shueadshen (1991) reported that foliar application o f  0 1 per cent B, Fe, Cu, 

Co, Zn and Mn at tillering stage mcreased N and P uptake over control m rice Gupta 

and Gupta (1985) revealed that foliar application o f chelated micronutnent mixture 

enhanced the uptake o f  Zn, Fe, Mn, Cu, Ca and Mg content m rice

Accordmg to Patel et al (2008), foliar spray o f  multi-micro nutrient mixture 

(Fe- 6 %, Mn- 1 %, Zn- 4 %, Cu- 0 3 % and B- 0 5 %) resulted in maximum 

micronutnent uptake by wheat grain and straw

Spraymg with different micronutnents (Zn 0 3 %, Cu 0 1 %, B 0 2 % and Mn 

0 05 %) with or without combinations on banana cv Giant Governor significantly 

mcreased the leaf nitrogen, phosphorus and potassium content before flowering 

compared with control (Ghanta and Mitra, 1993)

Accordmg to Ray et al (2006), leaf content o f 2 8 0 52 3 8 per cent NPK at 

shootmg was a good mdicator for satisfactory productivity m Robusta banana

Foliar application o f  Z nS04 (0 5 %) + FeS04 (0 2 %) + C uS04 (0 2 %) + 

H3BO3 (0 1 %) at 3, 5 and 7 months after plantmg mcreased the leaf micronutnent 

status o f  banana (Musa AAA) cv Robusta (Kumar and Jayakumar, 2001)

Jeyabaskaran and Pandey (2008) reported that under high soil pH condition 

micronutnent such as Fe, Zn and B applied through foliar spray which resulted in 

higher K, Zn, B, Fe and M n content o f Karpuravalli banana leaves

Foliar spray o f  micronutnents (Zn as Z nS 04 at 0 3 %, Boron as boric acid 

0 1 % , Cu at 0 1 % with 1 % SOP and 1 % Urea) four times at monthly intervals 

resulted m improving leaf Zn, B and Cu nutrient status o f  banana cv Ney Poovan 

(Muthaia and Raja, 2009)
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Yadav et al (2010) recorded highest Zn content in banana cv Grand Name 

leaf with RDF (200+90+200 NPK g/plant) + 40 g Zn EDTA + 20 g M nS04 + 5 g 

CuS04 + 10 g Borax/plant While maximum Fe content m leaf noted from RDF + 25 

g FeS04 + 2 g M nS04 + 5 g CuS04 + 10 g Borax and RDF + 25 g Fe EDTA + 20 g 

MnS04+ 5 g CuS04 + 10 g Borax/plant, respectively (Yadav et a l , 2009b)

Dutta and Dhua (2002) reported that the leaf nutrient status o f mango 

mcreased with application o f Zn (0 1 and 0 2 %), Mn (0 1 and 0 2 %) and Fe (0 1 and 

0 2 %) Application o f Zn improved the leaf N and Zn content while Fe improved P 

and Fe and Mn improved the Mn and K  contents

Foliar spraymg o f Boric acid 0 02 per cent on mango cv Alphonso 

significantly mcreased the N, P, K and B content of leaves (Sankar et al ,2013)

Aggarwal et al (1975) observed that different combmation of ZnS04 (0 5 %), 

CuS04 (0 25 %) and FeS04 (0 25 %) mcreased the Zn, Cu and Fe contents m leaf 

tissues o f Thompson seedless grapes over the control

Durgadevi et al (1997) reported that the application o f ZnS04, FeS04 and 

MnS04 as foliar spray or soil application or combmation o f both, significantly 

mcreased the N, P, K, Ca and Mg contents m the Sathgudi orange leaves

Patel (2006) revealed that total iron content m leaves mcreased due to foliar 

application of iron which recovered iron chlorosis in citrus

Ram and Bose (2000) found that the foliar spray o f M nS04 (2 %), CuS04 

(0 4 %), ZnS04 (0 5 %), boric acid (0 1 %) and FeS04 (0 25 %) either smgly or m 

various combinations significantly mcreased the N, P and K content o f the Mandarin 

orange leaf
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Afria et al (1999) reported that the foliar application o f  FeS04 (0 4 %), 

Z nS04 (0 25 %) and borax (0 2 %) on pomegranate mcreased the Fe, Zn and B 

content in leaves individually or m combmation

Dalai et al (2011) found that foliar spraymg o f  zmc sulphate and borax 

significantly increased the Zn and Mn uptake by ber leaves

Foliar spray o f  FeS04 (0 5 %) +  Z nS04 (0 5 %) + Bone acid (0 2 %) resulted 

m maximum uptake o f  N and B in okra cv Phule Utkarsha (Satpute et al ,2013)

2 9 MICRONUTRIENTS ON PLANT DISEASE CONTROL

All the essential nutrients can affect the disease severity (Huber and Graham, 

1999) and nutrients availability is the best way to control plant diseases in an 

integrated pest management system (Graham and Webb, 1991)

Micronutnent disorders o f Zn, Mn, B, Cu and Fe are widespread in India and 

correction o f these nutritional disorders resulted m resistance to plant diseases 

(Agrios, 2005) The effect o f  micronutnents on reducmg severity o f  diseases can be 

attnbuted with physiology and biochemistry o f  plants (Marschner, 1995)

Micronutrient concentrations m plants are important in host ability to resist or 

tolerate mfectious pathogens Plant nutrition is an important component o f  disease 

control (Huber and Wilhelm, 1988)

Boron sufficiency m plants reduces the incidence and severity o f  diseases, 

while B deficiency enhances them (Gupta, 1993, Graham and Webb, 1991) 

Manganese concentration in host tissue commonly decreases as the mcidence o f 

disease increases The seventy o f parasites on plants is influenced by many 

micronutnents (Engelhard, 1990, Graham and Webb, 1991, Huber, 1980) The lack 

o f  Zn, B, Mn, Mo, Ni, Cu and Fe in plant tissue can enhance various diseases on
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plants (Engelhard, 1990; Graham and Webb, 1991, Huber, 1980, Fageria et a l , 1997, 

Baligar et a l , 1998)

Prophylactic treatment o f micronutnent solutions as a foliar spray on the 

upper surface leaves o f  cucumber plants significantly inhibited powdery mildew 

development (Reuveni et a l , 1997)

Simoglou and Dordas (2006) revealed that manganese fertilization decreased 

the pathogenic disease incidence such as powdery mildew and take-all o f  wheat Soil 

application o f  Mn reduced common scab o f  potato (Kemath and Loria, 1996), 

Fusarntm wilt o f cotton and Sclerotima sclerotioram m squash (Graham and webb, 

1991, Agrios, 2005)

Zinc nutrition is associated with important plant defense pathways against 

many fungal and bacterial pathogens Grewal et al (1996) reported that root rot and 

Fusattum graminearum (Schwable) diseases o f  wheat controlled with soil application 

ofZ n

Proper Fe nutrition not only boosts plant vigour and health, it indirectly 

affects disease in the rhizosphere where its availability may limit the growth of 

pathogens Iron reduced the disease seventy o f rust and smut o f wheat, 

Colletotrichum musae o f  banana (Graham and Webb, 1991, Graham, 1983)

Graham (1983) observed that foliar application o f  Fe mcreased the disease 

resistance o f  apple and pear to Sphaeropsis malorum and cabbage to Olpidium 

brassicae Rhizosphere microorganisms could able to synthesize siderophores which 

lowers Fe levels for harmful microorganisms in soil These iron chelators resulted in 

suppressing chlamydospores o f Fusanum oxysporum f  sp cucumet mum, crown-gall 

(Agrobacterium tumefaciens) and take-all diseases o f  wheat, soft rot o f potato 

(Erwima caratovora)
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Copper fungicides are widely used for managing several plant diseases which 

havmg broad-spectrum activity, acting upon bacteria as well as fungi Bacterial 

pustules successfully controlled by two sprays at 45 and 55 days after planting with a 

mixture of streptocyclme (150 g/ha) + copper sulphate (lkg/ha) (Kanmyan and 

Prasad, 1979) Soil application of Cu reduced downy mildew (Plasmopara viticola) 

o f grapes (Evans et a l , 2007)

Patil (1981) reported that Molyybdenum reduced Ascochyta blight (Ascochyta 

spp) in beans and peas and late blight (Phytophthora infestans) o f potato Symptoms 

of verticilhum wilt of tomato reduced with Mo application (Kuti et a l , 1989)

Foliar spray o f micronutnents (Zn as Z nS04 at 0 3 %, Boron as boric acid 

0 1 % , Cu at 0 1 % with 1 % SOP and 1 % Urea) four times at monthly intervals 

resulted m improvmg resistance to Panama wilt o f  banana cv Ney Poovan The 

number o f affected plants m control plot is 32 per cent whereas m micronutnents 

sprayed plot 5 per cent only (Muthaia and Raja, 2009)

Accordmg to Sanjeev and Eswaran (2008), the mycelial growth of Fusarium 

oxyspomm f  sp cubense causing Banana fusarium wilt was inhibited by 

Trichoderma w id e  applied with combmation with Borax and Zmc sulphate 

amended medium and also found that Borax at higher concentration maximizes 

sporulation capacity

Reuvem et al (1998) reported that foliar spray o f H3B03, CuS04, MnCl2 

resulted in reduction o f powdery mildew disease severity m cucumber

McMillan et al (2000) found that KeyPlex 350 (micronutrient preparation) 

treatment reduced the mcidence of Sigatoka leaf spot of banana (Musa acuminata) 

cv Dwarf Cavendish as compared to the untreated control



41

2 10 MICRONUTIRENT MIXTUE ON ENHANCING ECONOMICS OF 

CULTIVATION OF CROPS

Yadav and Patel (2013) reported that application o f  micronutrients 

(ZnS04 40 g + MnS04 20 g + CUSO4 5 g + Borax 10 g) on Grand Name banana gave 

the maximum additional net mcome o f Rs 42812 per hectare with the cost benefit 

ratio o f 1 7 17

Patel et al (2010) observed that the foliar application o f ZnS04 (0 5 %) + 

FeS04 (0 5 %) o f banana cv Basrai at 3rd, 5th and 7th months after planting resulted in 

maximum gross income and net profit with higher cost benefit ratio (1 1 94)

Accordmg to Pathak et al (2011), the combmed application o f Fe (0 5 %) and 

Zn (0 5 %) at 3, 5 and 7 months after plantmg o f banana cv Martaman (AAB, Silk) 

gave better B C ratio

Bauri et al (2014) found that foliar spramg o f Borax (0 1 %) and 

2,4-dichlorophenoxyacetic acid (30 ppm) at 5 and 20 days after last hand opening 

showed maximum B C ratio o f banana cv Martaman (Musa AAB, Silk)
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3. M ATERIALS AND M ETHO DS

An investigation entitled “Formulation and evaluation o f  micronutnent 

mixture for foliar application in TC banana (Musa s p ) var Nendran” was carried out 

at College o f Agriculture, Padannakkad and Regional Agricultural Research Station 

(RARS) farm, Nileshwar during November 2014 to March 2016 The objectives o f 

the study were to prepare micronutnent mixture as a liquid formulation and to study 

the effect o f application o f  this mixture on hardening stage and m the field condition 

of tissue culture banana var Nendran The whole study was conducted in three steps

Part I Preparation o f micronutnent mixture formulation

Part II studies on hardening o f  TC banana plants usmg foliar sprays o f

micronutnents

Part III Field experiment

3 1 PREPARATION OF MICRONUTRIENT MIXTURE FORMULATION

Micronutnent mixture contammg zmc, boron, iron, copper, manganese and 

molybdenum was prepared at different concentrations and evaluated for stability and 

keepmg quality m solution form The different micronutnent salts used were Zmc 

sulphate, Boric acid, Copper sulphate, Manganous sulphate, Ferrous sulphate and 

Ammonium molybdate The technique was standardized after trying a series o f 

combinations Finally the micronutnent mixture was formulated and it contains two 

separate mixtures solution A and solution B Each series o f  the nutrient solutions 

were evaluated for their phyto suitability by spraymg on leaves and observing the 

leaves for one week The solutions which produced toxic/ necrotic spots were 

discarded The prepared nutrient mixture was then, tested with tissue culture 

Nendran banana as a foliar application m both pot culture and field experiment This 

work was done as a laboratory trial with the salts contammg these nutrients
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3 2 POT CULTURE EXPERIMENT

The secondary hardening studies were conducted in mist chamber o f 

Department o f Plant Biotechnology, COA, Padannakkad with tissue culture plants of 

uniform stage multiplied from same genotype The experiment was conducted m 

completely randomized design with four different levels and three different time o f 

application o f micronutnent mixture as a foliar spray There were 12 treatment 

combinations and one control with three replications each Four plants were 

maintamed in each replication, so that the total number o f plants was 156 The 

potting mixture was prepared uniformly with 1 1 1 ratio o f sand, soil and cowdung 

and the plants were raised in polybags for a period o f 20 days m mist chamber 

(pnmary hardening stage) The plants were transferred to bigger polybags and then 

secondary hardening was carried out m partial shade condition for a period of one 

month and this stage, different spraymgs were given to plants Plate 1 shows the 

secondary hardening o f tissue culture banana var Nendran

3.2.1. Design and Layout

Crop Tissue culture banana

Variety Nendran

Design CRD

Treatments 13

Replication 3

3.2.2. Levels of nutrients

The standardized micronutnent mixture formulation was sprayed at 0 25 per 

cent, 0 5 per cent, 0 75 per cent and 1 0 per cent foliar sprays The volume o f spray 

solution was 150ml per plant
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Concentration One spray Two sprays Three sprays

0 25 % T, t 5 t 9

0 5% t 2 t 6 T io

0 75 % t 3 t 7 T u

1 0 % t 4 t 8 T 12

T 13 control

3.2.3. Time of application

One spray at immediately after plantmg, two sprays at immediately and two 

weeks after plantmg and three sprays at immediately, two and three weeks after 

plantmg during secondary hardenmg stage

3.2.4. Biometric observations

The important biometnc observations like plant height, number o f leaves, 

leaf length and leaf breadth were recorded one month after treatment imposition

3.2.4.1. Plant height

The plant height was measured from the base o f the pseudostem to the 

youngest leaf

3.2.4.2. Number o f leaves

The number ofphotosynthetically active leaves was counted

3 2.43. L eaf length

Leaf length was measured from petiole to tip o f the leaf

3.2.4.4. L eaf breadth

Leaf breadth was measured from the widest portion o f the leaf
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3 3 FIELD EXPERIMENT

The field experiment was conducted at Regional Agricultural Research 

Station (RARS) farm, Nileshwar to evaluate the effect o f micronutnent mixture as a 

foliar spray m tissue culture banana var Nendran The experiment was conducted in 

randomized block design with thirteen treatments and three replications such that four 

plants were maintained in each replication Nitrogen, phosphorus and potassium 

application and other cultural practices were followed as per Package o f  Practices 

recommendations, KAU (2011) uniformly for all the treatments Plate 2 shows the 

field view o f the experimental plot at RARS farm, Nileshwar

3.3.1. Design and layout

Crop Tissue culture banana

Variety Nendran

Design RBD

Treatments 13

Replication 3

3.3.2. Levels of nutrients

The standardized micronutnent mixture formulation was sprayed at 1 per cent, 

2 per cent, 3 per cent and 4 per cent foliar sprays The volume o f  spray solution was 

750ml per plant Package o f  Practices recommendations were followed for all 

treatments

Concentration One spray Two sprays Three sprays

1 % Ti t 5 t 9

2 % t 2 t 6 T io

3 % t 3 t 7 T n

4 % t 4 Tg T u
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Control-Tn was PoP (Package of Practices recommendations)

3.3.3. Time of application

One spray at two months after planting, two sprays at two and four months 

after planting and three sprays at two, four and six months after plantmg

3.3.4. Biometric observations

Biometric observations like pseudostem height, pseudostem girth and number 

o f leaves were taken four months after plantmg and at the time o f shootmg Days to 

bunch emergence, incidence o f pest and diseases were recorded Days to harvest, 

number o f suckers at harvest, bunch weight, number o f hands per bunch, number o f 

fingers per hand, average weight o f finger, days to ripening, finger length and finger 

breadth were recorded at the tune o f harvesting

3.3.4.1. Pseudostem height

The pseudostem height from the ground level of pseudostem upto the base o f 

youngest leaf at 4 months after plantmg and upto the base o f  boot leaf at the time o f 

shootmg was measured and it is expressed m meter (m)

3.3.4.2. Pseudostem girth

Girth of pseudostem at 90cm o f height from the ground level was measured at 

four months after plantmg and at the time of shootmg and it is expressed in cm

3.3.4.3 Number o f  leaves

Total number o f leaves was recorded at four months after plantmg and at the 

time of shootmg
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Figure 1 Layout o f Field experiment

B lock ! Block II Block IH

t 5 t 7 t 2

T13 T n t 9

t 2 T, T]2

T io t 9 t 5

t 8 t 2 t 7

t 4 t 5 t 4

t 7 T13 T i

T12 t 6 Tio

t 3 T12 t 6

t 9 T io T n

t 6 t 2 T,3

T n t 4 Tg

Ti Tg t 3
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33.4.4. Days to bunch emergence

Number o f  days to bunch emergence o f  individual treatments from the date o f 

plantmg was recorded

3 3.4.5. Incidence o f  pest and diseases

Incidence o f  pest and diseases were monitored and necessary control 

measures also were taken from hardenmg stage to harvesting

3.3.4 6. Bunch maturity period

Number o f days taken from day o f  bunch emergence to harvest o f banana 

were recorded for individual treatment

3 3.4 7. Days to harvest

Number o f  days taken from the date o f planting to the date o f  harvest was 

recorded for individual treatments

3.3.4.8. Number o f  suckers at harvest

The total number o f  suckers produced by the plant at the time o f  harvest was 

recorded.

3.3.4.9. Weight o f  male bud

Fresh weight o f male bud one month after bunch emergence for individual 

treatments was recorded

3.3.4.10. Bunch weight

Bunch weight o f individual treatment was recorded at the time o f  harvest
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3.3.4.11. Number o f  hands per bunch

Number o f hands in each bunch were counted at the time o f  harvest

3.3.4.12. Number o f  fingers per bunch

Total number o f  fingers in each bunch o f all individual plants were counted at 

the time o f  harvest

3.3.4.13. Average weight o f  fingers

Average weight o f fingers was calculated for individual bunch by taking 

weight o f fingers from top, middle and bottom of bunch and averaged

3.3.4.14. Days to ripening

Number o f  days to ripening for individual treatments was recorded from the 

time o f  harvest to ripened fruit

3.3.4.15. Finger length

Average length o f  fingers was calculated by measurmg length o f  finger m 

topmost, middle and bottom o f the bunch and their average was taken

3.3.4.16. Finger breadth

Average breadth o f fingers was calculated by measurmg breadth o f  finger m 

topmost, middle and bottom o f the bunch and their average was taken

3 4 FRUIT ANALYSIS

Quality parameters o f banana such as Total Soluble Solids, titrable acidity, 

vitamin C content, total sugar and pulp to peel ratio were analyzed usmg standard
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methods Loss m weight during ripenmg and keepmg quality o f  Suits m ambient 

condition was also recorded

3.4.1. Total soluble solids (TSS)

Total soluble solids o f  the Silly ripened banana Suit were analyzed usmg 

handheld portable reffactometer and it is expressed m terms o f  °brix

3.4.2. Titrable Acidity

For analyzing titrable acidity o f  Silly ripened banana Suits, 50 g o f Suit was 

ground from which 25 g o f  pulped material was transferred to a 250 ml beaker In 

that 100 ml o f  distilled water was added and boiled for 30 minutes Once it is cooled, 

transferred to 250 ml standard flask and volume was made up and from that 50ml was 

taken which was diluted with equal quantity o f hot water Titrated agamst 0 IN  

NaOH usmg phenolphthalein mdicator till the appearance o f  light pink colour which 

was the end pomt and titrable acidity was worked out and the results are expressed as 

percentage ofmaleic acid

3.4.3. Reducing sugar content

Reducmg sugar content was determmed by titratmg fruit juice with Fehlmg 

solution A and B as per procedure given by Ranganna (1986) and the results are 

expressed m percentage

3 4.4. Total sugar content

Total sugar content was determmed by titratmg fruit juice with Fehlmg 

solution A and B and the results are expressed m percentage
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3.4.5. Non-reducing sugars

Non- reducmg sugar content was determined by substracting reducmg sugars 

from total sugars content and the results are expressed m percentage

3.4.6. Pulp to peel ratio

Weight o f pulp and peel was recorded separately and the relative proportion 

o f pulp to peel was recorded (l e pulp weight divided by the peel weight)

3.4.7. Sugar / acid ratio

Total sugars (%) divided by acidity (%) gave the sugar /  acid ratio o f  ripened

fruit

3.4.8. TSS / acid ratio

TSS (°brix) divided by acidity (%) gave the TSS / acid ratio o f ripened fruit

3.4.9. Keeping quality of fruits at ambient condition

Keepmg quality o f fruits was calculated by countmg number of days form day 

o f  commencement o f ripenmg o f  fruits to end o f saleable life or edible life

3.4.10. Per cent loss in weight during ripening

Per cent loss m weight was calculated form weight o f fruits at the time o f 

harvest to weight o f  ripened fruit and it is expressed m percentage

3 5 SOIL ANALYSIS

3.5.1. Initial soil analysis

Soil samples for initial analysis were collected from the prepared field Soil 

samples were drawn from surface 15 cm from 10 different places o f the field which



The samples were analyzed for bulk density, particle density, porosity, 

texture, pH, EC, CEC, organic carbon, available nutrients such as N, P, K, Ca, Mg, S, 

Fe, Cu, Zn, Mn, B and Mo following standard procedures given m table 1 The initial 

soil properties were given m table 2

3.5.2. Experimental soil analysis

Soil samples for laboratory analysis were collected from all the treatments at 

the time o f harvest The samples were air dried, ground, sieved with 2mm sieve and 

stored in air tight contamer They were analyzed for available nutrients such as N, P, 

K, Ca, Mg, S, Fe, Cu, Zn, Mn, B and Mo as per the standard procedures as given m 

the table 1

3 6 PLANT ANALYSIS

Plant samples were collected from the mdex leaf (third fully opened leaf from 

top) at the time o f  bunchmg and at harvest and analyzed for various macro and 

micronutnent status m it using standard procedures as given m the table 3

3 7 BENEFIT COST RATIO

Cost o f cultivation for all the treatments was worked out on the basis o f 

prevailing input cost and market price o f fruits, male bud and suckers at the time o f 

experimentation The net income was calculated by deducting the cost o f cultivation 

from the gross return The benefit cost ratio (BCR) was worked out as follows

Gross return ha 1 (R s)
d L/Iv. -------------------------------- j

Cost of cultivation ha (R s)

was then pooled, reduced to required quantity and air dried The air dried soil

samples were ground and passed through 2 mm sieve and stored in air tight

containers
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3 8 STATISTICAL ANALYSIS

The data obtamed from pot culture and field experiment was analyzed 

statistically and tested for its significance using WASP 2 0 software given by 

ICARGOA

Table 1 Analytical methods followed for soil analysis

S N o
Parameters Method Reference

1 pH pH meter Jackson (1958)

2 EC Conductivity meter Jackson (1958)

3 Organic carbon Chromic acid wet digestion 

method

Walkley and Black (1934)

4 Bulk density Undisturbed core sample Black etal (1965)

5 Particle density Pycnometer method Black etal (1965)

6 Porosity - Black et al (1965)

7 Textural analysis International pipette method Robinson (1922)

8 Available N Alkaline permanganate method Subbiah and Asija (1956)

9 Available P Bray extraction and 

photoelectric colorimetry

Jackson (1958)

10 Available K Flame photometry Pratt (1965)

11 Available Ca Atomic absorption spectroscopy Jackson (1958)

12 Available Mg Atomic absorption spectroscopy Jackson (1958)
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13 Available S Photoelectric colorimetry Massouni and Cornfield 

(1963)

14 Available Zn Atomic absorption spectroscopy E m m ele/a/ (1977)

15 Available B Photoelectric colorimetry Bingham (1982)

16 Available Fe Atomic absorption spectroscopy Sims and Johnson (1991)

17 Available Cu Atomic absorption spectroscopy Emmel e ta l (1977)

18 Available Mn Atomic absorption spectroscopy Sims and Johnson (1991)

19 Available Mo Inductively coupled plasma 

optical emission spectrometry 

(ICP OES)

Soltanpour and Schwab 

(1977)

Table 2 Properties o f  the initial soil sample

SN o Param eter Value

I Physical properties

1 Bulk density (g cm 3) 1 34

2 Particle density (g cm 3) 2 35

3 Pore space (%) 43%

II Mechanical composition

1 Sand(%) 77 25

2 Silt (%) 19 00



Table 2 Continued

3 Clay (%) 3 75

4 Textural class Loamy sand

III Chemical properties

1 pH 5 31

2 EC (dS/m) 0 08

3 Organic carbon (%) 0 40

4 Organic matter (%) 0 69

5 CEC (meq/lOOg) 7 50

6 Available N  (kg/ha) 213 20

7 Available P (kg/ha) 82 69

8 Available K (kg/ha) 184 73

9 Available Ca (mg/kg) 148 25

10 Available Mg (mg/kg) 23 65

11 Available S (mg/kg) 6 25

12 Available Zn (mg/kg) 0 91

13 Available B (mg/kg) 0 26

14 Available Fe (mg/kg) 26 8

15 Available Cu (mg/kg) 2 63

16 Available Mn (mg/kg) 22 10

17 Available Mo (mg/kg) 0 002
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Table 3 Analytical methods followed for plant analysis

S.No Param eter M ethod Reference

1 Total N Modified kjeldhal digestion 

method

Jackson (1958)

2 Total P Vanadomolybdate yellow  colour 

method

Piper (1966)

3 Total K Flame photometry Jackson (1958)

4 Total Ca Atomic absorption spectroscopy Issac and Kerber (1971)

5 Total Mg Atomic absorption spectroscopy Issac and Kerber (1971)

6 Total S Turbidimetric method Bhargava and Ragupathi 

(1995)

7 Total Zn Atomic absorption spectroscopy E m m ele fa / (1977)

8 Total B Azomethane -  H colorimetric 

method

Bingham (1982)

9 Total Fe Atomic absorption spectroscopy Piper (1966)

10 Total Cu Atomic absorption spectroscopy E m m ele fa / (1977)

11 Total Mn Atomic absorption spectroscopy Piper (1966)

12 Total Mo Inductively coupled plasma optical 

emission spectrometry (ICP OES)

Soltanpour and Schwab 

(1977)
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4. RESULTS

An investigation was earned out to formulate micronutrient mixture m liquid 

formulation and to examine the effect of micronutnent mixture in tissue culture 

banana var Nendran during hardening stage as well as in field The results o f 

biometric observations (taken after hardening stage and m field experiment) and the 

various soil, leaf and fruit characteristics were statistically analyzed and the results 

are presented below

4 1 PREPARATION OF MICRONUTRIENT MIXTURE AS A LIQUID 

FORMULATION

Liquid micronutnent mixture for foliar application was formulated usmg 

different micronutnent salts Different combinations were tried and it’s keepmg 

quality, stability and compatibility for foliar application was evaluated, finally it is 

standardized m 2 parts solution A and solution B Solution A consisting of Zmc 

sulphate, Copper sulphate, Ferrous sulphate, Boric acid, Manganous sulphate and 

Ammonium molybdate in different proportion Solution B contains 1 per cent humic 

acid which acts as a natural chelatmg agent for improvmg micronutnent use 

efficiency These two solutions are to be diluted and blended before sprays Plate 3 

shows preparation o f micronutnent mixture as a liquid formulation

4.1.1. Composition of Solution A (1 litre)

ZnS04 7H20  - lOOg 

CuS04 5H20  - 40 g 

FeS04 7H20  - 2 0 g

H3BO3 20 g

M nS04 H20  - 1 g

(NFLOeMovO^ 4H20  - 0 5 g
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This micronutrient mixture was prepared using these salts but it did not have 

desired pH for foliar spraymg and the its keeping quality and stability were poor The 

pH of the mixture was 3 4 and there were precipitates m formulation and it was 

visually not a clear solution

4.1.2. Stability and keeping quality of the formulation

For improvmg the stability and keeping quality o f  the micronutnent mixture, 

various chemicals were tried with solution A and the keepmg quality o f  the mixture 

was evaluated The different chemicals used were Ammonia (5 %), nitric acid (5 %), 

tartanc acid (10 %) and citric acid (20 %) Except citric acid other chemicals were 

forming precipitate with micronutnent mixture which is presented m Plate 3 c When 

30 ml o f citric acid (20 %) was added to 1 litre o f nutrient mixture it became clear 

liquid, there wass no precipitation o f  nutrient compounds and its keepmg quality was 

excellent It was further monitored at specific intervals to evaluate its stability and 

keepmg quality Solution A with 30ml/litre o f citric acid (20 %) can be kept as such 

at ambient conditions upto 1 year whereas with nitric acid and ammonia it forms 

precipitate within a day and with tartaric acid it is stable upto a maximum o f one 

week

Solution B contams 1 per cent humic acid, from solution B 30 ml/litre was 

uniformly added to final diluted solution o f  A Both solutions should be mixed 

thoroughly just before spraymg

4.1.3. Properties of micronutrient mixture

The pH o f micronutnent mixture was noted just before spraymg and it was 

observed as 5 56 at the desired dilution Colour o f Solution A is Green and Solution 

B is Brown Based on the properties like pH, keepmg quality and trail on standing 

crop, formulated micronutrient mixture was found suitable for foliar application on 

banana
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4 2 POT CULTURE EXPERIMENT

Tissue culture banana plants o f uniform stage multiplied from the same 

genotype were obtained from Department o f Plant Biotechnology, College o f 

Agriculture, Padannakkad The secondary hardening studies were done m the mist 

chamber with various treatment combmations o f micronutrient mixture as foliar 

spray The treatments consisted o f 4 levels o f micronutnent mixture sprayed at 3 

different intervals The different treatment combinations were Ti, T5, T9 at 0 25 per 

cent (one, two and three sprays), T2, Te, Tio at 0 50 per cent (one, two and three 

sprays), T3, T7, Tn at 0 75 per cent (one, two and three sprays), T4, Tg, T ]2 at 1 per 

cent (one, two, three sprays) and T i3- control One spray was given at immediately 

after planting , two sprays at immediately and two weeks after planting and three 

sprays at immediately, two and three weeks after plantmg The experiment was 

intended to evaluate the role o f this micronutnent mixture formulation on 

performance o f plants m hardening stage Periodic biometric observations were also 

made The biometric observations o f hardening studies were taken at the end o f  one 

month after treatment imposition

4.2.1. Plant height

The results o f  the effect o f micronutnent mixture on biometric characters o f 

TC banana are given in Table 4 All the treatments were found to be superior to the 

control Among the treatments, Tio ( 0 5 % as three time spray mg) recorded highest 

plant height (20 2 cm) which was on statistically par with treatments Tg and T5 

whereas the control T i3 recorded lowest plant height (16 6 cm) which was on par with 

T4, T]2, Tg and T7
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Table 4 Foliar application o f  micronutrient mixture on biometric characters o f TC

banana

Treatments Plant height 
(cm)

Number o f  leaves Leaf length 
(cm)

Leaf breadth 
(cm)

T, 18 63 6 58 17 24 6 43

t 2 19 08 6 58 17 95 6 21

T3 18 81 6 08 18 07 6 83

t 4 16 88 5 83 15 63 5 73

Ts 19 93 6 08 19 58 7 03

t 6 18 68 6 33 18 24 6 49

t 7 17 38 5 42 16 29 6 32

Tg 17 15 5 50 16 66 5 94

t 9 20 04 6 75 18 32 7 33

T,o 20 21 6 67 19 33 6 94

T„ 17 46 5 75 17 11 6 51

T 12 16 98 5 33 16 47 6 10

TU 16 62 5 08 16 68 5 93

SEm (±) 0 369 0 103 0 800 0 199

CD (0 05) 1 019 0 538 1 501 0 749
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4.2.2. Number o f leaves

Number o f leaves was counted and is presented in Table 4 M aximum leaf 

number was recorded with Tg (6 8) which was statistically on par with Tio, T i, T2 and 

To T n  (control) recorded minimum leaf number (5 1)

4.2.3. Leaf length

There was significant difference between treatments with respect to leaf 

length (Table 4) Leaf length was found to be high in T5 (0 25 % - two sprays) with 

19 6 cm followed by T 10, T9 and T6 and lowest was T4 (15 6 cm) which was on par 

with T7

4.2.4. Leaf breadth

There was notable difference m leaf breadth between the treatments (Table 4) 

L eaf breadth found to be maximum m T 9 (0 25 % - three sprays) with 7 3 cm which 

was statistically on par with T 5 and minimum leaf breadth was found m T4 (5 7 cm) 

which was on par with T 13 and Tg

4 3 FIELD EXPERIMENT

The field experiment was conducted at Regional Agricultural Research 

Station farm, Nileshwar to study the effect o f foliar application o f  micronutnent 

mixture in tissue culture banana var Nendran The experiment was conducted in 

RBD with four different levels and three different time o f  application o f  

micronutrient mixture as a foliar spray There were 12 treatment combinations and 

one control with three replications each Four plants were mamtamed m each 

replication, so that the total number o f  plants was 156 The different treatment 

combinations were Ti, T5, T9 at 1 per cent (one, two and three sprays), T2,Te,Tio at 

2 per cent (one, two and three sprays), T3,T7,Tn at 3 per cent (one, two and three
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sprays), T4, T8,Ti2 at 4 per cent (one, two and three sprays) and T ]3- control One 

spray was given at two months after planting, two sprays at two and four months after 

planting and three sprays at tow, four and six months after plantmg Periodic growth 

and yield parameters were recorded, detailed soil, fruit and leaf analysis were carried 

out and statistically analyzed The salient finding o f field experiments are presented 

below

4.3.1. Effect on vegetative characters

4.3.1.1. Pseudostem height

The pseutostem height was recorded at 4 months after plantmg and at the time 

o f  shooting and the results are presented m table 5 The height o f the pseudostem 

was significantly influenced by the nutrient treatments at 4 months after plantmg T n  

recorded maximum plant height o f 1 5 m while T5 recorded lowest height (1 2  m) 

whereas control T o  was recorded with 1 3 m  T n  was statistically on par with Tio 

(1 4 m), Ti (1 4 m), and Tg (1 4 m)

At the time o f shootmg, there was no notable difference between the 

treatments on pseudostem height (Table 5) Even though not significant, T6 recorded 

maximum pseudostem height (2 9 m) followed by Tio and T n  (2 8 m) whereas T4 

recorded minimum height o f 2 7 m whereas control T i3 was recorded with 2 7 m

4.3.1.2. Pseudostem girth

Pseudostem girth at 90 cm height was measured at 4 months after plantmg 

and at the time o f  shootmg (Table 5) T n  (29 6 cm) recorded maximum pseudostem 

girth at 4 months after plantmg followed by Tio (29 0 cm) and mmimum girth was 

found in T5 (23 8 cm) However, there was no significant difference between the 

treatments and control

There was notable difference m pseudostem girth between the treatments at 

the time o f  shootmg (Table 5) Tio recorded maximum girth o f 52 1 m which was
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statistically on par with Tg (51 5 cm), Tj (51 1 cm), T5 (50 7 cm) and Tn (50 0 cm) 

and mmimum pseudostem girth was found in T3 (47 7 cm) which was on par with 

control T i3 (48 0 cm)

Table 5 Foliar application o f micronutnent mixture on pseudostem height and girth

ofbanana

Treatments
Pseudostem height (m) Pseudostem girth (cm)

4 months after 
planting

At the time o f shooting 4 months after 
planting

At the time of shooting

T, 1 36 2 75 28 28 51 12

t 2 130 2 79 24 70 49 17

t 3 1 24 2 70 24 23 47 67

t 4 1 21 2 68 24 08 48 75

t 5 1 18 2 77 23 75 50 71

Tfi 1 24 2 85 26 01 51 54

T7 1 26 2 69 26 15 48 46

Tg 1 35 2 83 28 23 48 42

T9 1 25 2 73 26 84 48 89

Tio 1 39 2 84 28 96 52 08

T„ 1 25 2 84 26 87 49 96

T12 1 47 2 7 6 29 64 48 50

T,3 1 32 2 69 25 07 47 96

SEm (±) 0 006 0011 8 054 2 579

CD (0 05) 0 130 NS NS 2 706
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4.3.1.3. Number o f  leaves

Number o f leaves at both stages o f observation exhibited significant 

differences among the treatments (Table 6) At 4 months after plantmg Te recorded 

highest number o f leaves (117) which was statistically on par with Ti (116), T9 

(11 2), T3 (11 2), Tio (11 0), T2 (11 0), T g (10 9) and the lowest number o f  leaves was 

produced in control T o  (9 6)

At the time o f  shootmg, Te recorded highest number o f  leaves (12 8) which 

was on par with T n (12 3), Ti (11 9), T4 (11 8) while T o  (10 3) recorded lowest 

number o f leaves

4.3.1.4 Number o f  suckers at harvest

The data on number o f  suckers at the time o f  harvest is presented in Table 6 

There was no considerable difference between the treatments Even though not 

significant, Tio and T o  recorded maximum number o f suckers (7 3) followed by T3 

and T7 (6 8) while T4 and control T o  recorded mmimum number o f suckers at the 

time o f  harvest (5 8)

4.3.2. Effect of yield attributes

4.3.2.1. Weight o f  male bud

Weight o f male bud at the time o f  detachment was noted and compared 

(Table 7) There was a significant difference among the treatments with respect to 

weight o f male bud T5 recorded highest male bud weight (15  kg) which was 

statistically on par with T n  (1 5 kg), T2 (1 4 kg), Tg (1 4 kg) and lowest male bud 

weight was found in Ti (1 1 kg) whereas control T i3 recorded 1 2 kg
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Table 6 Foliar application o f  micronutnent mixture on number o f leaves and suckers

at harvest o f  banana

Treatments
Number o f leaves

Number o f  suckers at 
harvest4 months after 

planting
At the time o f  shooting

T, 11 58 11 92 6 00

t 2 11 00 11 08 6 08

t 3 11 17 11 33 6 83

t 4 10 58 11 83 5 83

t 5 10 83 11 50 6 33

t 6 11 67 12 75 6 25

t 7 10 83 11 50 6 83

t 8 10 92 11 17 6 42

t 9 11 17 11 42 6 75

T io 11 00 11 25 7 33

Tn 10 50 12 25 6 25

T 12 10 67 11 08 7 33

T 13 9 583 10 25 5 83

SEm (±) 0 216 0 458 0 678

CD (0 05) 0 784 1 140 NS
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4.3 2.2. Bunch weight

Bunch weight o f  plant is the major economic factor considered m banana 

cultivation There was a significant influence o f treatments on bunch weight and the 

results are presented in Table 7 All the treatments were found to be superior over 

control on which T n recorded maximum bunch weight (12 8 kg) and control T n  

recorded minimum bunch weight (8 3 kg) which was on par with T3 T n was 

statistically on par with Tio (12 7 kg), T9 (12 2 kg), T6 (12 2 kg), T7 (12 1 kg), 

Tg (119 kg) and T5 (11 5 kg) Plate 4 shows comparison o f bunch weight o f selected 

treatments and control

4.3.2.3. Number o f  hands per bunch

There was no significant difference between the treatments with respect to 

number o f hands per bunch (Table 7) However T3, T6 and T7 were recorded with 5 4 

hands per bunch while T2 recorded mmimum number o f hands per bunch 

(4 8) while control T i3 was having 5 0 hands per bunch

4.3.2.4. Number o f  fingers per bunch

The data on total number o f  fingers per bunch was recorded at the time o f 

harvest and it is presented m Table 8 There was significant difference between the 

treatments T9 recorded higher number o f  fingers per bunch (54 4) and T 13 recorded 

lowest number o f fingers per bunch (46 7) followed by T 12 (50 4) All other 

treatments were on par with T9 Plate 4 f  shows the highest number o f fingers per 

bunch in best treatment

4.3.2.5. Average weight o f  fingers

The average weight o f fingers was calculated by taking the best finger m each 

hand per bunch and averaged There was notable difference in average weight o f 

fingers between the treatments (Table 8) T n produced maximum average weight of
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fingers o f  282 6 g whereas minimum was found m T i with 222 5 g which was 

statistically on par with T5 and control T 13 T n was on par with T 10, T9, T6, T7, Tg, T4 

and T 12 Plate 5 shows the finger characteristics o f treatments and control

Table 7 Foliar application o f  micronutnent mixture on yield parameters o f banana

Treatments Weight o f  male 

bud (kg)

Bunch weight (kg) No o f  hands per bunch

Ti 1 12 10 60 5 33

t 2 140 10 22 4 83

t 3 1 25 9 55 5 44

t 4 1 35 10 48 4 89

t 5 1 54 11 45 5 17

t 6 1 24 12 19 5 44

t 7 1 35 12 07 5 44

Tg 1 38 11 90 5 33

T9 1 24 12 23 4 97

T10
1 30 12 73 5 00

T„ 1 48 12 76 5 11

t 12 1 25 11 02 5 00

Tb 1 18 8 32 5 00

SEm (±) 0 007 0 766 0 127

CD (0 05) 0 177 1 475 NS



Table 8 Foliar application o f micronutrient mixture on finger characteristics of

banana

Treatments No of fingers per 

bunch

Average weight of 

fingers (g)

Average Fmger 

length 

(cm)

Average finger 

breadth 

(cm)

T, 51 33 222 50 21 15 13 26

t 2 51 08 233 34 20 78 14 68

t 3 53 33 237 38 21 28 14 00

t 4 50 89 247 98 21 11 14 48

t 5 53 89 225 88 20 62 14 38

t 6 53 00 271 65 20 55 14 60

t 7 53 67 268 80 22 38 14 94

Tg 5167 256 13 22 15 14 15

t 9 54 39 271 75 22 50 13 99

T o 53 94 275 00 22 69 15 25

T„ 54 06 282 64 23 05 15 25

TU 50 44 245 06 21 75 14 16

T „ 46 68 230 00 17 94 13 02

SEm (dfc) 4 345 306 077 0 633 0 653

CD (0 05) 3 513 38 122 1 734 NS
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4.3.2.6. Average length o f  fingers

The effect o f treatments on average length o f fingers is presented m Table 8 

T 11 was recorded with maximum finger length o f 23 1 cm while control T 13 recorded 

mmimum length o f  17 9 cm T n was on par with T !0 (22 7 cm), T9 (22 5 cm), 

T7 (22 4 cm), Tg (22 2 cm) and T i2 (21 8 cm)

4.3.2.7. Average breadth o f  fingers

The effect o f treatment application on finger girth is presented m Table 8 

Treatment effects on finger breadth at the middle portion was found to be non 

significant Maximum finger breadth was noticed m T n and Tio with 15 3 cm 

whereas control T 13 recorded minimum finger breadth o f 13 0 cm

4.3.2.8. Days to bunch emergence

Effect o f  treatment application on the number o f days taken from plantmg to 

bunch emergence was recorded and presented m Table 9 There was no appreciable 

difference between the treatments Tio produced earliest bunch m 186 days after 

plantmg while control T 13 produced bunch m 198 days after plantmg which was the 

late one An average bunch emergence happened between 185-197 days

4.3.2.9. Days to harvest

There was a remarkable difference between the treatments with respect to 

days to harvest Effect o f treatment application on the number o f  days taken from 

plantmg to harvest was recorded and presented m Table 9 T 13 (control) showed

maximum days from plantmg to harvest (303 days) while T n  took mmimum o f 271 

days Tn was statistically on par with Tio (272 days) and T9 (274 days)
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4.3.2.10. Bunch maturity period

Effect of treatment application on bunch maturity period (from the day of 

bunch emergence to harvest) was recorded and presented in Table 9 There was a 

remarkable difference between the treatments Tn took minimum maturity period of 

82 days which was on par with Tio (86 days) and T9 (88 days) while control T 13 took 

maximum days to maturity with 106 days

4.3.2.11. Days to ripening

Effect o f treatment application on the number o f days taken from harvest to 

ripening stage o f fruit was recorded and presented m Table 9 Treatments found to be 

non significant in influencing the days to ripening T4 was recorded with mmimum o f 

4 days to ripenmg while T13 took 6 days

4.3.2.12. Incidence o f  pest and disease

The banana-leaf caterpillar (Spodoptera htura) was prevailed at 2 and 3 

months after plantmg The major disease noticed was sigatoka leaf spot at 4 months 

after planting caused by Mycosphaerella musicola Necessary control measures were 

taken uniformly for all the plants
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Table 9 Foliar application o f micronutnent mixture on days to bunch emergence,

days to harvest, Bunch maturity period and days to npemng o f  banana

Treatments Days to bunch 

emergence

Days to harvest Bunch maturity 

period (days)

Days to ripenmg

T, 190 83 283 67 92 83 5 50

t 2 190 67 293 33 102 67 4 83

t 3 194 78 286 67 91 89 5 50

t 4 195 83 289 00 93 17 4 33

Ts 195 67 290 33 94 67 5 83

t 6 191 11 282 67 91 56 6 00

Tt 191 00 283 33 92 33 5 00

t 8 190 67 283 67 93 00 6 07

t 9 185 83 274 00 88 17 4 67

T io 185 72 271 67 85 94 5 65

T„ 188 67 270 67 82 00 5 42

T,2 191 08 283 33 92 25 5 67

T,3 197 67 303 17 105 50 6 00

SEm (±) 22 870 25 982 25 918 1 176

CD (0 05) NS 8 590 8 580 NS



Plate 4 a Best treatment T| i (3 % as sprays)

Plate 4 b 2 ld best treatment T ]0(2 % as 3 sprays) Plate 4 c Control Ti



Plate 4 d Highest number ot hngcrs per bunch 

Plate 4 Bunches from best treatments vs control
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4 4 FRUIT CHARACTERISTICS

The effect o f  foliar application o f micronutnent mixture on fruit 

characteristics o f banana was exammed Various quality parameters like titrable 

acidity, vitamm C, TSS, reducmg sugar content, total sugars, per cent loss m weight 

during ripening, keeping quality o f the fruits at ambient condition and pulp to peel 

ratio were analyzed and the results are presented below

4.4.1 Titrable acidity

The effect o f treatment application on titrable acidity (%) o f ripened banana 

fruits is presented m Table 10 The treatments had notable influence on titrable 

acidity as compared to control T n  was recorded highest acidity o f  0 53 % which 

was on par with Ti (0 50 %), T2 (0 45 %) and T3 (0 43 %) while T n  was recorded 

with mmimum acidity of 0 26 % followed by Tio (0 27 %) and T9 (0 28 %)

4.4.2. Total Soluble Solids (TSS)

There was notable difference among the treatments with respect to total 

soluble solids (Table 10) T n recorded maximum TSS content (30 0 °brix) which 

was on par with Tio (29 9 °brix), T9 (29 7 °brix) and T4 (29 5 °brix) Control T 13 

recorded minimum TSS o f 26 3 °brix which was statistically on par with 

T, (26 6 °brix)

4.4.3. Pulp to peel ratio

The effect o f  treatment application on pulp to peel ratio is presented m Table 

10 There was significant difference among the treatments T 12 recorded highest pulp 

to peel ratio o f  3 7 followed by T n (3 6) Lowest ratio was found m T2 (2 8) which 

were on par with control T 13 (2 9) and Ti (2 9)
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Table 10 Foliar application o f micronutnent mixture on titrable acidity, TSS and

pulp to peel ratio o f  npened banana fruit

Treatments Titrable acidity (%) TSS

(°bnx)

Pulp to peel ratio

Ti 0 50 26 60 2 91

t 2 0 45 27 30 2 79

t 3 0 43 27 70 3 13

t 4 0 38 29 50 3 10

t 5 0 36 28 20 3 41

t 6 0 36 28 70 3 37

t 7 0 29 28 40 3 06

t 8 0 39 28 80 3 61

t 9 0 28 29 70 3 52

T ,0 0 27 29 90 3 48

Tn 0 26 30 00 3 64

t J2 031 27 70 3 70

T,3 0 53 26 30 2 88

SEm (±) 0 003 0 121 0 050

CD (0 05) 0 112 0 756 0 488
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4.4.4. Total sugars

The influence o f  treatment application on total sugars percentage o f ripened 

banana fruits are presented m Table 11 Higher sugar content and lower acidity 

mdicates better fruit quality The effect o f  treatments was found to be statistically 

significant Maximum total sugars content was recorded in Tio with 21 3 % which 

was statistically on par with T9 (21 0 %), T4 (19 7 %) and T n (19 4 %) Control T 13 

recorded minimum o f 13 3 % followed by Ti (14 1 %)

4.4.5. Reducing sugars

The effect o f treatment application was highly evident in case o f reducing 

sugar content o f  fruits and the treatments showed superior and significant differences 

Among the treatments, Tio exhibited highest reducing sugar content o f 19 0 per cent 

which was on par with T n (17 5 %) whereas Ti recorded lowest reducmg sugar 

content o f  9 3 % followed by control T 13 (9 7 %) The results o f  treatment 

application on reducmg sugar content o f  the ripened banana fruits are presented in 

Table 11

4.4.6. Non-reducing sugars

There was notable difference among the treatments with respect to 

non-reducing sugar content o f ripened banana fruits (Table 11) The highest non- 

reducmg sugar content was found in T 5 with 4 9 per cent while T n recorded lowest 

non-reducmg sugar content (1 9  %) Except T n and Tio all other treatments were 

statistically on par with T5

4.4.7. Sugar / acid ratio

The influence o f  treatment application on sugar /  acid ratio o f ripened banana 

fruits are presented m Table 11 The effect o f treatments was found to be statistically 

significant Highest sugar / acid ratio were found in Tio with 78 7 which were
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statistically on par with T n , T9 and T7 Control T 13 recorded lowest sugar / acid ratio 

o f 25 3 which was on par with Ti, T2 and T3

4.4.8. TSS / acid ratio

The effect o f  treatment application was highly evident in case o f  TSS / acid 

ratio o f fruits and the treatments showed superior and significant differences Highest 

TSS/ acid ratio mdicates better fruit quality Among the treatments, T n  exhibited 

highest TSS / acid ratio o f  116 1 whereas control T 13 reported lowest TSS / acid ratio 

o f 50 2 Tn was on par with T 10, T9 and T7 The results o f treatment application on 

the TSS / acid ratio o f the npened banana fruits are presented m 

Table 12

4.4.9. P er cent loss in weight during ripening

There was significant difference between treatments with respect to per cent 

loss in weight during ripening o f  fruits (Table 12) Per cent loss in weight from day 

o f harvest to npened fruit was recorded and statistically analyzed Maximum per cent 

loss in weight was found m T J3 with 16 7 while minimum loss was recorded m T n 

(11 9 %) which was on par with T 10, T4, T 12, T3, T6 and T2

4.4.10. Keeping quality  of fruits a t am bient condition

Treatment application on keepmg quality o f  fruits was recorded from the day 

o f ripening to the end o f  saleable or edible life o f fruits Keeping quality o f  fruits 

showed notable difference among the treatments which is presented in Table 12 

Maximum keeping quality was recorded in T 10 with 4 40 days which was on par with 

Tn (4 37 days) and T9 (4 08 days) T3 was found to the mmimum with 3 30 days 

while control T i3 was recorded with 3 43 days
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Table 11 Foliar application o f  micronutnent mixture on total sugars, reducmg

sugars, non-reducing sugars and sugar / acid ratio o f ripened banana fruit

Treatments Total sugars 

(%)

Reducmg sugars 

(%)

Non-reducing sugars 

(%)

Sugar /  acid ratio

T, 14 07 9 33 4 75 28 31

t 2
16 38 12 13 3 8 8 36 84

t 3
17 04 12 25 4 79 40 12

t 4
19 70 15 45 4 25 52 63

t 5
17 8 6 12 98 4  89 52 92

t 6
17 80 14 05 3 75 50 12

t 7
17 46 13 29 4 17 62 80

Tg
18 36 13 51 4  85 50 15

t 9
20 95 17 25 3 70 74 12

T , 0
21 25 19 00 2 25 78 70

T„ 19 40 17 50 1 90 75 43

T |2 16 41 11 98 4 44 53 40

T,3 13 26 9 6 8 3 58 25 34

SEm (±) 0 798 0 494 0 508 6 8  512

CD (0 05) 1 946 1 531 1 553 18 036
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Table 12 Foliar application o f micronutrient mixture on TSS / acid ratio, per cent 

loss in weight during ripenmg and keepmg quality o f fruits at ambient condition

Treatments TSS /  acid ratio Per cent loss m weight during 

npenmg 

(%)

Keepmg quality o f fruits at 

ambient condition 

(days)

T, 53 70 15 00 3 46

t 2 61 33 14 15 3 38

t 3
65 33 13 78 3 30

T4 78 93 12 50 3 83

t 5 83 56 14 96 3 43

t 6
80 85 13 8 8 3 75

t 7
102 31 15 96 3 73

t 8 78 90 16 69 3 43

t 9 105 20 16 33 4 08

T,0 110 74 12 25 4 40

T„ 116 07 11 87 4 37

T,2 90 17 13 65 3 75

T,3 50 20 16 70 3 43

SEm (±) 133 859 1 892 1 130

CD (0 05) 25 210 2 997 2316
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4 5 SOIL CHARACTERISTICS

4.5.1. pH

There was no considerable difference among the treatments with respect to 

soil pH (Table 13) T9 recorded the lowest soil pH value o f  4 83 and Tg had the 

highest pH 5 52 while control T 13 recorded pH value o f 5 42

4.5.2. EC

Electrical conductivity o f the soils was not influenced by the foliar application 

o f micronutrient mixture (Table 13) Even though not significant, highest EC value 

was found m Tg (0 27 dS/m) followed by Tn (0 25 dS/m) and the lowest EC value 

was found m Tg (0 16 dS/m)

4.5.3. Organic carbon content

Treatment application had significant effect on the organic carbon content of 

soils (Table 13) Highest OC was recorded m T9 (0 7 %) which was on par with T 12 

(0 7 %), Tn (0 6 %), Tg (0 6 %), T10 (0 6 %), T3 (0 6 %) and minimum OC was found 

m T 13 (0 4 %) which was statistically on par with T4 and Ti

4.5.4. Available N

The results o f available N  content o f soils are presented in Table 14 There 

was significant difference among the treatments with respect to available N content o f 

soils T 12 recorded highest available nitrogen content o f  soil (338 6 kg/ha) followed 

by Tn (263 4 kg/ha) and the lowest available nitrogen content was found in T 3 

(175 5 kg/ha) while control T i3 recorded 219 4 kg/ha
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Table 13 Foliar application o f  micronutnent mixture on soil pH, EC and Organic 

carbon

Treatments pH EC (dS/m) Organic carbon (%)

T, 5 04 0 19 0 43

t 2 5 18 0  2 0 0 51

t 3 5 13 0  2 0 0  60

t 4 5 05 0  18 0 43

t 5 5 25 0 23 051

t 6 5 13 0 27 0 44

t 7 5 12 0 17 0 57

t 8 5 52 0  16 0  62

t 9 4 83 0 24 0 73

T jo 5 14 0  18 061

Tn 5 03 0 25 0 63

T ,2 4 94 0 24 0  6 6

T,3 5 42 0 17 0 40

SEm (±) 0 277 0 004 0 009

CD (0 05) NS NS 0 163

4.5.5, Available P

The effect o f  treatment application was found to be significant in case o f  

available P content o f  soils (Table 14) Highest P content was recorded m T 12 with 

110 4 kg/ha whereas T n  found to have lowest P content o f  80 7 kg/ha T 12 was
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statistically on par with Ts, T 13, Tio and Tg Control T 13 was recorded with 

102 8 kg/ha

Table 14- Foliar application o f  micronutrient mixture on available N, P and K content 

o f soil

Treatments Available N  (kg/ha) Available P (kg/ha) Available K (kg/ha)

T,
238 20 93 04 412 67

t 2
225 70 8 8  70 272 33

t 3
175 50 92 31 272 00

T4
231 90 85 93 373 33

T3
250 80 1 1 0  0 0 425 00

t 6
250 80 101 29 253 33

t 7
231 90 96 91 348 00

t 8
2 0 0  60 90 18 428 67

t 9
231 90 85 26 349 33

T,o
238 20 102 52 322 00

T„
263 40 80 65 308 67

T,2
338 60 110 39 292 00

T,3
219 40 102 84 417 67

SEm (±) 543 185 52 829 214 735

CD (0 05) 50 784 12 249 24 695

4.5.6. A vailableK

The effect o f treatment application was significant m case o f available K 

content o f soil which is presented m Table 14 The highest K  content was recorded m 

Tg with 428 7 kg/ha which was statistically on par with T 5 , T 13 and Ti while lowest K
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content was found in T 6 with 253 3 kg/ha Control T b  was found to have 

417 7 kg/ha

4.5.7. Available Ca

The effect o f  treatment application on the available Ca status o f  soil is 

presented in Table 15 Available Ca content in the soil was found to  be non 

significant However, maximum Ca content was found m T5 (533 3 mg/kg) followed 

by T4 (501 7 mg/kg) and minimum was found in Ts with 323 3 mg/kg while control 

T 13 was with 456 7 mg/kg

4.5.8. Available Mg

There was a significant influence o f  treatments on M g content in soil as 

shown m Table 15 The highest Mg content was recorded m T 9 (40 7 mg/kg) which 

was on par with T 5, T n , Ts, Tio and T )3 T7 recorded the lowest Mg content o f 

29 5 mg/kg

4.5.9. Available S

The effect o f treatment application on the available S content o f  soil is 

presented in Table 15 Available S content in the soil were statistically non 

significant, even then the available S content in treatment plots was higher than 

control plot T n  recorded with highest S content (20 8 mg/kg) while control

T 13 recorded lowest S content o f  8 7 mg/kg

4.5.10. Available Zn

The effect o f treatment application on available Zn content o f  soil is presented 

m Table 16 There was remarkable difference between the treatments T 5 recorded 

the maximum Zn content o f 8 9 mg/kg followed by Tg (6 0 mg/kg) whereas control

T 13 recorded with mmimum Zn content o f  0 4 mg/kg
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Table 15 Foliar application o f micronutrient mixture on available secondary nutrients

content o f  soil

Treatments Available Ca (mg/kg) Available M g (mg/kg) Available S (mg/kg)

Ti
394 17 29 68 17 29

Ti
351 67 33 98 9 79

t 3
396 67 33 30 7 29

t 4
501 67 32 78 10 54

t 5
533 33 40 30 16 75

t 6
419 50 34 42 7 50

t 7
334 17 29 53 14 58

t 8
323 33 38 63 12 50

t 9
353 33 40 72 19 13

T , 0
346 67 37 13 1 1  8 8

Tn
480 00 38 67 20 75

T n
375 00 32 28 10 63

T 13
456 67 36 85 8  67

SEm (±) 14690 042 10 079 41 490

CD (0 05) NS 5 350 NS

4.5.11. Available Fe

The treatments had notable influence on available Fe content o f soil 

(Table 16) T4 was recorded with highest Fe content o f 43 3 mg/kg which was on par 

with T3 (39 0 mg/kg) and T 5 (37 2 mg/kg) while control (T 13) recorded with lowest Fe 

content (23 2 mg/kg)
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4.5.12. Available Mn

The data on available M n content o f  soil is presented in Table 16 The highest 

M n content was found in Tio (11 4 mg/kg) which was statistically on par with T i, T5 

and T3 while T4 was registered with lowest Mn content o f 2 3 mg/kg Control T 13 

was with 4 5 mg/kg

4.5.13. Available Cu

There was no considerable difference in available Cu content o f  soil between 

the treatments (Table 16) T5 was recorded highest Cu content o f  3 9 mg/kg while 

lowest was found in T2 (2 8 mg/kg)

4.5.14. Available B

The data on available B content o f  soil is presented m Table 16 Significant 

difference was found between the treatments The highest B content was recorded in 

T4 (0 7 mg/kg) which was statistically on par with T n , T2 and T7 All other 

treatments were on par with control T 13 was found to have lowest B content of 

0 2 mg/kg

4.5.15. Available Mo

The data on available Mo content o f soil is presented m Table 16 Significant 

difference was found between the treatments The highest Mo content was recorded 

m T 12 (0 01 mg/kg) which was statistically on par with T n  and T7 whereas control T i3 

was found to have the lowest Mo content o f 0 002 mg/kg T 13 was statistically on par 

with T i, T5, T2, T4 and T3
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Table 16 Foliar application o f  m icronutnent mixture on  available micronutrients

content o f  soil

Treatments Zn (mg/kg) Fe (mg/kg) Mn (mg/kg) Cu (mg/kg) B (mg/kg) Mo (mg/kg)

Ti 2 61 32 47 10 05 3 16 0 29 0 002

t 2 3 46 30 47 6 57 2 76 0 47 0 003

t 3 4 59 39 03 8 56 3 15 0 37 0 004

T< 2 30 43 33 2 28 3 19 0 69 0 003

t 5 8 91 37 17 8 89 3 87 031 0 002

t 6 5 98 34 43 5 56 2 84 0 29 0 004

t 7 1 91 30 80 3 07 3 20 0 47 0 009

Tg 1 67 29 60 5 56 3 22 0 22 0 007

Ts 0 64 28 47 3 94 3 06 0 24 0 008

T,0 1 30 31 47 11 42 3 17 0 40 0 008

Ti, 2 60 32 47 6 69 3 19 0 52 0 010

T ,2 1 18 30 13 7 49 3 59 0 27 0 010

TlJ 0 38 23 23 4 45 3 49 0 19 0 002

SEm (±) 1 394 19 041 5 188 0 194 0 026 0 001

CD (0 05) 1 990 7 354 3 839 NS 0 272 0 002
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4 6 NUTRIENT CONCENTRATIONS IN LEAF

Various chemical analysis o f  banana leaf samples was conducted m order to 

examme the effect o f  foliar spraying o f  micronutrient mixture on leaf nutrient status 

Leaf samples were collected at bunchmg stage and at the time o f  harvest dried in hot 

air oven, powdered and were analyzed using standard analytical procedures as 

described in matenals and methods

4.6.1. Nitrogen

The effect o f treatment application on nitrogen content o f banana leaf at 

bunching stage and at the time o f  harvest are presented m Table 17 At bunching 

stage, the treatments found to be non significant with respect to leaf N content 

However T7 recorded highest N content o f 4 2 per cent and T )2 recorded lowest N 

content (2 5 %) while control T 13 was found to have 2 8 per cent

Leaf N  content o f banana at the time o f harvest found to be non significant 

However, Ti and T7 recorded highest N  content of 3 2 per cent whereas T 12 and T 13 

recorded lowest N content m leaves (2.1 %)

4.6.2, Phosphorus

The effect o f treatment application on phosphorus content o f banana leaf at 

bunching stage and at harvest is presented m Table 17 At bunching stage, the 

treatments found to be non significant with respect to leaf P content T n recorded 

highest P content o f  0 28 per cent whereas control T 13 recorded lowest P content in 

leaves (0 15 %)

There was notable difference among the treatments with respect to P content 

o f leaf at the time harvest T3 and T7 recorded highest P content o f 0 31 per cent 

which was on par with T n , Tio and Tg Lowest P content was found in Ti (0 12 %) 

followed by T !3 (0 13 %)
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Table 17 Foliar application o f  micronutnent mixture on N, P and K content o f

banana leaf

Treatments N  (%) P (%) K (%)

Bunching
stage

At harvest Bunching
stage

At harvest Bunching
stage

A t harvest

T,
3 15 3 15 0 25 0  1 2 3 70 2 50

t 2
3 85 2  80 0 25 0 17 3 65 3 38

t 3
3 50 2 45 0 23 0 31 3 85 3 25

t 4
3 85 2  80 0 23 0  2 2 3 90 3 50

Ts
3 15 2 45 0 17 0 17 3 75 3 13

t 6
3 50 2 45 0 19 0  18 3 55 3 38

t 7
4 20 3 15 0  2 1 0 3 1 3 84 3 38

t 8
3 15 2 45 0  16 0  26 3 25 2 63

t 9
3 15 2 45 0  18 0  18 3 75 3 75

T io
3 50 2  80 0 1 8 0  26 3 95 3 85

T„
3 85 2  80 0  28 0  28 4 50 3 8 8

T 12
2 45 2  1 0 P 19 0  2 0 3 33 3 63

T.3
2  80 2  1 0 0 15 0 13 2 04 1 90

SEm (±) 0 402 0 129 0  0 0 1 0  0 0 1 0  1 1 1 0 150

CD (0 05) NS NS NS 0 076 0 727 0 843

4.6.3. Potassium

The effect o f treatment application on potassium content o f banana leaf at 

bunching stage and at harvest is presented in Table 17 At bunching stage, the
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treatments had notable difference w ith respect to K content T n  recorded highest K  

content o f  4 5 per cent which was on par with Tio, T4, T3 and T7 whereas control T n  

was found to have lowest K  content (2 1 %)

There was significant difference between the treatments w ith respect to K 

content o f  leaf at the time o f  harvest T n recorded highest K  content (3 9 %) whereas 

control T 13 recorded the lowest K  content o f  1 9 per cent Except T 13, Ti and Tg all 

other treatments were on par with T n

4.6.4. Calcium

L eaf Ca content at bunchmg stage and at harvest showed notable difference 

among the treatments (Table 18) At bunchmg stage, Tg recorded highest Ca content 

o f  1 5 per cent which was on par with Te, T7 and T5 The lowest Ca content was 

found in T i (0 7 % ) while control T 13 was with 1 0 per cent

T n  recorded highest Ca content o f 6 55 per cent at harvest whereas control T 13 

recorded lowest Ca content o f  2 2 per cent Except T n and T7 all other treatments 

were statistically on par with T 13 Ti 1 was on par with T7 (6 4 %)

4.6.5. Magnesium

The effect o f  treatment application on magnesium content o f  banana leaf at 

bunchmg stage and at harvest is presented m Table 18 A t bunchmg stage, significant 

difference was noticed among the treatments The highest Mg content was observed 

in Tio (0 25 %) which was on par with T 9, Tg, T n , T 13 and T 12 except these treatments 

all other treatments were statistically on par with T3 T3 was found to have lowest Mg 

content o f  0 12 per cent

At the time o f  harvest, there was no appreciable difference found among the 

treatments with respect to Mg content o f banana leaf However, the highest Mg
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content was registered in T7 (0 36 %) while control Tb  was found to have lowest Mg 

content o f  0 10 per cent

Table 18 Foliar application o f  micronutrient mixture on Ca, Mg and S content o f  
banana leaf

Treatments

Ca (%) Mg (%) S (%)

Bunchmg
stage

At harvest Bunchmg
stage

At harvest Bunchmg
stage

At harvest

T,
0 70 2 84 0 13 0 21 0 14 0 10

t 2
0 94 3 24 0 13 0 21 0 14 0 06

t 3
1 01 3 58 0 12 0 22 0 09 0 06

t 4
1 11 3 10 0 13 0 25 0 08 0 08

T5
1 20 3 35 0 13 0 21 0 15 0 08

Tg
1 43 2 98 0 13 0 19 0 08 0 09

t 7 1 35 644 0 19 0 36 0 12 0 25

Tg 1 53 3 45 0 24 0 19 0 11 0 07

t 9
1 15 3 16 0 24 0 17 0 18 0 14

T io
0 73 3 66 0 25 0 15 0 13 0 18

Tn
0 77 6 55 0 24 0 15 0 20 0 29

T ,2
0 98 3 19 0 22 0 19 0 22 0 13

T,3
1 00 2 24 0 23 0 10 0 07 0 05

SEm (±) 0 022 0 654 0 001 0 004 0 002 0 03

CD (0 05) 0 325 1 762 0 052 NS NS 0 121
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4.6.6. Sulphur

The effect o f treatment application on sulphur content o f banana leaf at 

bunching stage and at harvest are presented m Table 18 At bunchmg stage, there 

were no significant differences found among the treatments T )2 recorded highest S 

content o f  0 22 per cent while control T n  recorded lowest S content m leaves 

(0 07 %)

Leaf S content showed appreciable differences among the treatments at the 

tune o f harvest The highest S content o f leaf was found in T n with 0 29 per cent 

whereas lowest was recorded m control T n  (0 05 %) T n  was statistically on par 

with T7 (0 25 %) and Tio (0 18 %)

4.6.7. Zinc

The effect o f foliar spraymg o f  micronutrient mixture on the Zn content of 

leaf at bunchmg stage and at harvest are presented m Table 19 There was significant 

difference among the treatments m both stages of observation At bunchmg stage, 

T]2 was recorded highest Zn content o f  101 0 ppm followed by T n , Tio and T9 The 

minimum was found m T 13 (9 0 ppm) which was statistically on par with T i, T2, T3 

and T4

At the time o f  harvest, T n found to have highest Zn content o f 95 7 ppm 

which was on par with Tio (83 3 ppm) whereas control (T13) was found to have 

lowest Zn content o f 3 8 ppm which was on par with Ti, T2, T3 and T4

4.6.8. Iron

The effect o f foliar spraymg o f  micronutrient mixture on Fe content o f banana 

leaf at bunchmg stage and at harvest are presented m Table 19 Fe content o f the 

leaves was significantly influenced by treatment application at bunchmg stage The
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highest Fe was recorded in T 12 with 415 0 ppm which was statistically on par w ith T 7 

(383 8 ppm) whereas control T 13 recorded lowest Fe content o f 75 0 ppm

Leaf Fe content showed notable differences among the treatments at the time 

o f  harvest Highest Fe content was found m T 12 (945 0 ppm) which was statistically 

on par with T4 and T9 Lowest Fe content was found m T 13 (398 5 ppm)

Table 19 Foliar application o f  micronutnent mixture on Zn, Fe and M n content o f  

banana leaf

Treatments
Zn (ppm) Fe (ppm) Mn (ppm)

Bunching
stage

At harvest Bunchmg
stage

At harvest Bunchmg
stage

At harvest

T,
11 40 5 79 115 00 762 50 2425 00 2175 00

t 2
11 55 11 25 112 50 625 00 2525 00 2550 00

t 3
16 0 0 14 00 104 75 575 00 2675 00 2525 00

t 4
22 25 14 10 175 60 915 00 3075 00 3250 00

t 5
37 23 36 50 147 50 500 00 2675 00 3575 00

t 6
32 45 27 48 307 25 745 00 3240 00 2050 00

t 7
25 75 28 25 383 75 765 00 3200 00 3560 00

Tg
40 65 32 75 175 00 645 00 3625 00 3775 00

t 9
62 75 70 03 115 00 887 50 3850 00 3375 00

T,o
80 13 83 30 227 75 837 50 3825 00 3800 00

Tn
82 75 95 74 227 00 695 00 3925 00 3145 00

T 12
1 0 1  0 0 48 05 415 00 945 00 4550 00 3300 00

T,3
9 00 3 78 75 00 398 50 2450 00 2275 00

SEm (±) 45 436 33 889

CD (0 05) 14 6 8 8 12 685 47 101 79 646 188 271 174 834
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4.6.9. Manganese

The effect o f foliar spraying o f  micronutnent mixture on Mn content o f 

banana leaf at bunchmg stage and at harvest are presented m Table 19 Mn content of 

the leaves was significantly influenced by treatment application at bunchmg stage 

The highest Mn was found in T n  with 4550 ppm followed by T n , T9 and T 10 whereas 

Ti was found to have lowest M n content o f  2425 ppm which was statistically on par 

with control T 13 (2450 ppm) and T2 (2525 ppm)

At the time o f  harvest also treatment application resulted m appreciable 

difference among the treatments with respect to Mn content o f leaves Highest Mn 

content was found 111T 10 with 3800 ppm which was on par with Tg (3775 ppm) 

whereas Te recorded lowest Mn content o f 2050 ppm

4.6.10. Copper

The effect o f foliar spraymg o f micronutnent mixture on Cu content o f banana 

leaf at bunchmg stage and at harvest are presented m Table 20 There was 

significant difference among the treatments with respect to Cu content o f leaves at 

bunchmg stage Highest Cu content was found m T n with 129 7 ppm followed by 

T12 and Tio whereas Ti recorded lowest Cu content o f 22 2 ppm Except T n , T12, Tio 

and T9 all other treatments were statistically on par with T 1

At the tune o f harvest also significant difference found among the treatments 

with respect to Cu content o f banana leaf T n  recorded highest Cu content o f 105 3 

ppm and lowest was found m T2 with 18 2 ppm T n was statistically on par with T 12, 

T4 and Tio

4.6.11. Boron

The effect o f foliar spraymg o f micronutrient mixture on B content o f  banana 

leaf at bunchmg stage and at harvest are presented m Table 20 At bunchmg stage,
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significant difference was found between the treatments with respect to B content o f 

leaf Highest B content recorded m T3 with 60 0 ppm which was on par with T6, T4, 

T7 and T5 except these treatments all others were on par with T 12 Lowest B content 

was found m T o  (12 0 ppm) while control T o  was with 20 0 ppm

Leaf B content showed significant difference among the treatments at 

harvest Highest B content was found m T o  with 90 ppm which was on par with T 1 

(82 5 ppm) whereas Tg recorded lowest B content o f 30 ppm Control T o  was found 

to have 47 5 ppm

4.6.12. Molybdenum

The effect o f foliar spraymg o f  micronutnent mixture on Mo content o f 

banana leaf at bunchmg stage and at harvest are presented m Table 20 At bunchmg 

stage, significant difference was found between the treatments with respect to Mo 

content o f leaf Highest Mo content was found in T n  and T 12 with 2 2 ppm which 

was on par with Tio whereas control T o  was found to have the lowest Mo content o f 

0 5 ppm T 13 was statistically on par with T i, T2 and T3

Leaf Mo content showed significant difference among the treatments at the 

time o f  harvest Highest Mo content was found in Ti 1 with 2 1 ppm which was on par 

with T 12 and T o  whereas control T o  was found to have the lowest Mo content of 

0 4 ppm T 13 was statistically on par with T l9 T2, T3 and T4

4 7 ECONOMIC ANALYSIS

The data on economics o f banana cultivation are given in Table 21 The 

treatment T n registered the maximum net returns ofR s Rs 6, 94, 964 ha 1 and it was 

on par withTio, T9, T6 and T7 whereas control T o  recorded the mmimum net returns 

o fR s 3, 53, 251 h a 1
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With regard to benefit-cost ratio, the treatment Tn (3 sprays o f  3 % 

micronutrient mixture) recorded the maximum value o f  2 3 and was on par with Tio, 

T9, Te and T7 The lowest Benefit / Cost ratio o f  1 6 was recorded by control T o

Table 20 Foliar application o f micronutnent mixture on Cu, B and Mo content of  

banana leaf

Treatments Cu (ppm) B (ppm) Mo (ppm)
Bunchmg

stage
At harvest Bunchmg

stage
At harvest Bunchmg

stage
At harvest

T, 22 20 21 75 15 50 82 50 0 65 0 60

t 2 24 50 18 15 29 50 60 00 0 70 0 60

t 3
29 00 23 65 60 00 60 00 0 75 0 68

t 4
26 60 82 65 49 50 42 50 0 93 0 88

t 5
32 70 61 85 47 00 55 00 1 35 1 28

t 6
34 00 31 13 52 50 32 50 1 45 1 40

t 7
45 28 41 15 49 50 47 50 1 40 1 34

Tg 54 12 47 89 18 34 30 00 1 25 1 18

t 9 6144 50 38 28 50 32 50 1 65 1 47

T io
68 60 75 59 35 00 55 00 1 75 1 68

T„ 129 71 105 25 12 50 77 50 2 15 2 08

T 12 68 93 86 03 12 00 90 00 2 15 2 02

t 13
23 60 22 75 20 00 47 50 0 45 0 40

SEm (±) 252 111 278 782 206 010 31 545 0 038 0 052

CD (0 05) 34 598 36 382 31 275 12 238 0 426 0 0499
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Table 21 Foliar application o f  micronutrient mixture on economics o f  banana 

cultivation

Treatments Cost o f cultivation 
(Rs h a ')

Gross returns 
(Rs h a ')

Net returns 
(R s h a 1)

BCR

T, 537180 1032396 493295 913 1 770

t 2 537255 1002917 467770 667 1 870

t 3 537930 956319 4 414357 593 1 918

t 4 538305 1023528 485357 515 1 901

t 5 537615 1115083 588485 481 2 094

t 6 538365 1177194 637435 920 2 184

t 7 539115 1176042 693185 667 2 286

Tg 539865 1154583 616097 512 2 141

Tg 537877 5 1184653 647935 324 2 190

Tio 538815 1216944 641210 987 2 204

Tn 539752 5 1230375 694963 583 2 287

T 12 530690 1087458 546210 765 2010

T,3 536775 8340417 353250 657 1 558

SEm (±) 0 022

CD (0 05) 128028 716 0 252

Cost o f inputs

Nitrogen -  Rs 12 k g 1

Phosphorus -  Rs 34 kg 1

Potassium - R s  1 6 k g 1 

FYM - R s  8 0 0 1 1

Lime -  Rs 10 k g 1
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Calcium -  Rs 9 55 kg 1

Magnesium - R s  7 0 k g 1

Cost o f plantmg material - R s  20 p lan t1

Solution A -  Rs 150 / litre

SolutionB -R s 4 /litre

Labour cost -R s 600/day

Price of produce

Fruits -  Rs 35 k g 1

Malebud -  Rs 10 k g 1

Suckers -  Rs 5 o f  each



*Di4CU64i(M
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5. DISCUSSION

Discussion o f  the results on investigation earned out at College of 

Agriculture, Padannakkad and Regional Agricultural Research Station farm, 

Nileshwar to formulate micronutnent mixture for foliar spray and to study the effect 

o f micronutnent mixture on growth, yield and quality o f fruits o f  tissue culture 

banana cv Nendran are presented in this chapter The whole investigation comprised 

o f preparation o f micronutnent mixture as liquid formulation, hardening studies o f 

tissue culture banana plants usmg micronutnent mixture and studying the effect of 

micronutnent mixture on growth, yield and quality o f  banana

5 1 MICRONUTRIENT MIXTURE PREPARATION

Preparation o f  micronutnent mixture as a liquid formulation was tned with 

the use o f  different micronutnent salts contammg Zn, B, Fe, Mn, Cu and Mo The 

formulation technique was standardized and it contains two liquids Solution A  and 

Solution B Solution A  consisting o f ZnS04 7H2O, Q 1SO4 5H2O, FeS04 7H2O, 

H3BO3, MnS04 H20  and (NKO6M07O24 4H20  in desired proportion For 

maintaining stability and keepmg quality o f solution A, various chemicals were tried 

Citric acid (20 %) was found best for mamtainmg keepmg quality o f  solution A 

which acts as an excellent chelating agent Its stability was periodically monitored at 

specific mtervals and it was found that solution A with 30 ml/litre o f  citric acid 

(20 %) can be kept as such at ambient conditions upto 1 year Solution B is prepared 

as 1 per cent humic acid Humic acid might benefit plant growth by chelatmg 

unavailable nutrients and buffer mg pH Required quantity o f  this has to be blended 

with diluted solution A just before spraymg The pH o f  micronutnent mixture was 

noted just before spraymg and it was observed 5 56 at the desired dilution Humic 

acid plays a key role both m enhancing the bioavailability o f  nutrients to plants and m 

reducmg the adverse effect o f  some o f the free 10ns due to its chelate formmg 

capability (Bloom et a l , 1979)
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Muthukrishnan and Velu (2011) developed and evaluated a micronutnent 

formulation for sugarcane and concluded that 92 5 kg micronutnent mixture 

formulation II as enriched farm yard manure containing 50 kg FeS04, 5kg M nS04, 30 

kg ZnS04, 2 5 kg CuS04 and 5 kg o f borax may be recommended for sugarcane for 

maximizing yield with higher B C ratio Increased cane yield with higher levels o f 

micronutnent mixture maybe attributed to the complementary and supplementary 

effect of fertilizers and FYM

A multi-micronutrient mixture havmg a composition o f Zn (9 5 %) + B 

(2 6 %) + Cu (1 2%) + Mg (2 4 %) + N (0 46 %) was developed and found that 

0 5 per cent o f multi-micronutrient mixture was enhanced the growth and yield o f 

okra variety Varsha Uphar (Mini, 2015)

5 2 HARDENING STUDIES

Foliar application o f micronutrient mixture significantly mcreased the plant 

growth characteristics o f  banana such as plant height, number o f leaves, leaf length 

and leaf breadth (Table 4) This might be due to the beneficial effect o f micronutnent 

on secondary hardenmg o f tissue culture banana smce then widespread deficiencies 

and their relatively low content m soil had been reported (KSPB, 2013)

Increase m growth with foliar fertilization might also be due to the fact that, 

foliar application o f nutnents is readily absorbed by leaves and it enhances the 

physiological processes Foliar spraymg o f 0 25 per cent and 0 5 per cent of 

micronutnent mixture as three sprays at immediately after planting, two weeks and 

three weeks after plantmg significantly enhanced all the biometnc characters o f tissue 

culture banana cv Nendran

Potarzycki and Grzebisz (2009) reported that zmc exerts a great influence on 

basic plant life processes, such as (i) nitrogen metabolism- uptake o f nitrogen and 

protein quality (11) photosynthesis- chlorophyll synthesis which ultimately improved
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the number of leaves Boron influences cell development and elongation It is 

involved in the transport of sugars across cell membranes and m the synthesis o f cell 

wall material Boron also regulates the carbohydrate metabolism in plants and plays 

a role m ammo acid formation and synthesis o f proteins Boorboon et al (2012) 

stated that, Iron (Fe) is another micronutrient that is a co-factor for approximately 140 

enzymes that catalyze unique biochemical reactions Hence, iron has many essential 

roles m plant growth and development mcludmg chlorophyll synthesis, thylakoid 

synthesis and chloroplast development Manganese plays an important role m 

chlorophyll production and its presence is essential in Photo-system II, also involved 

m cell division and plant growth Copper helps in the utilization o f iron during 

chlorophyll synthesis Mo mcreased the metabolic pools required for the synthesis of 

saccharides, along with the enhanced photosynthetic capacity

Earlier, Vasane and Kothari (2006 & 2008) also reported enhanced growth 

traits such as plant height, girth, leaf length, leaf width and number o f leaves were 

obtamed with foliar application o f multiplex (commercial micronutrient formulation 

contammg Zn - 3 %, Fe - 2 5 %, Cu - 1 %, Mn - 1 %, B - 0 5 % and Mo - 0 1 %) 

during secondary hardenmg m banana cv Grand Name

Increased plant growth characters by the application o f micronutnents may be 

due to their mvolvement in chlorophyll formation, which might have helped to favour 

cell division, synthesis o f hormone and protems, enzymes activity, meristematic 

activity m apical tissue, expansion o f cell and formation o f new cell wall (Smgh and 

Maurya, 1979, Havlm et a l , 2014)

5 3 FIELD EXPERIMENT

Tissue culture hardened plants were planted out m the field and various levels 

of micronutnent mixture were sprayed on foliage at 2, 4 and 6 months after planting 

and evaluated It was found that foliar application o f micronutnent mixture at 

concentrations 1, 2, 3 and 4 per cent had significantly enhanced the vegetative
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characters like pseudostem height, pseudostem girth and number o f leaves at 4 

months after planting and at the time o f  shootmg and yield characteristics like days to 

harvest, bunch weight, number o f  fingers, average weight o f  fingers and finer length 

produced Fruit quality parameters like acidity, TSS, total sugars, reducmg sugars, 

non-reducing sugars, pulp to peel ratio, sugar / acid ratio, TSS / acid ratio, per cent 

loss m weight during ripenmg, keepmg quality o f  the fruits at ambient condition also 

exhibited significant difference among the treatments The quality parameters o f 

fruits were better m plants receivmg the micronutrient mixture as foliar application 

This might be due to the beneficial effect o f micronutrients on growth, yield and 

quality o f banana

5.3.1. Effect of treatments on plant growth parameters

The effect o f  micronutnent mixture on pseudostem height, pseudostem girth 

and number o f leaves were found to be significant It shows that micronutnents 

could make substantial effect on the above growth parameters o f  banana cv Nendran 

Improvement in growth o f  banana plant might be due to enhancement of 

photosynthetic and other metabolic activities which lead to an mcrease m various 

plant metabolites responsible for cell division and cell elongation

Foliar application o f 4 per cent micronutnent mixture as three sprays 

mcreased the pseudostem height and girth o f  banana at 4 months after plantmg At 

the time o f  shootmg, three sprays o f  2 per cent micronutrient mixture as enhanced the 

pseudostem girth Ghanta and Mitra (1993) found that foliar spraymg o f  0 5 per cent 

ZnSC>4, 0 1 per cent CuSC>4, 0 2 per cent H3BO3 and 0 05 per cent M 0O4 at

3 and 5 months after plantmg enhanced the plant height o f banana Anonymous 

(2005) reported the beneficial effect o f micronutnents on height o f pseudostem at 

shootmg Mandal et al (2002) observed that the beneficial effect o f micronutnents 

and their combmation on pseudo stem girth over control m banana cv Giant 

Governor
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The beneficial effect o f micronutrients on height and girth might be due to 

micronutrients especially Zn which is the activator o f the enzymes mvolved m protein 

synthesis and had direct effect on the level o f  IAA in plants (Ram and Bose, 2000), 

Copper activates several enzymes m plants and helps chlorophyll synthesis and 

mvolve m carbohydrate and protem metabolism (Ram and Bose, 2000) and Boron 

mcreases photosynthetic activity and respiration m plants and thus improves the 

growth (Lai and Rao, 1954)

Foliar spraying o f  2 per cent micronutrient mixture as two sprays significantly 

mcreased the number o f  leaves o f banana at 4 months after plantmg and at the time o f 

shootmg The synthesis and transport o f plant assimilates to the developing banana 

fruit is greatly affected by the retention o f green leaves after the flowering stage, 

especially when assimilate flow from other plant parts becomes limiting (Kumar and 

Kumar, 2007) Increase in number o f leaves may be due to Zn stimulates 

photosynthetic activity and its presence is important for protem synthesis which in 

turn can enhance the rate o f leaf production

These results are m harmony with those obtamed by Ghanta and Mitra (1993) 

m banana cv Giant Governor, Haque et al (2000) in mandrin orange, Babu and 

Smgh (2002) m litchi, Das and Mohan (1993) m banana cvs Chenichampa, Jahaji 

and Barjahaji, Anjali et al (2013) m banana cv Grand Name, Yadav and Patel (2013) 

m banana cv Grand Name, Yadlod and Kadam (2008c) m banana cv Ardhapuri, 

Pathak et al (2011) m banana cv Martaman (AAB, Silk), Jeyabaskaran and Pandey 

(2008) m Karpuravalli banana, Mandal et al (2002) m banana cv Giant Governor, 

Subramaman and Pillai (1997) and Kumar and Jayakumar (2001) m banana

In the present study, foliar spraymg o f micronutrient mixture m banana 

showed no significant influence on number o f suckers at harvest Even though, the 

higher number o f suckers was produced m plants treated with three times foliar
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spraying o f  2 per cent and 4 per cent micronutnent mixture which was superior than 

control Similar result was observed m banana cv Grand Name (Yadav et a l , 2010)

Increased in vegetative growth o f  banana due to foliar application o f  2 and 4 

per cent o f micronutnent mixture sprays might be attributed to their stimulatory effect 

on plant metabolism These results corroborate the findings o f Hada et al (2014) in 

guava

5.3.2. Effect of treatments on yield characteristics

Yield o f banana is a function o f bunch weight and number o f plants per 

hectare Hence, any nutnent management study should aim at producing maximum 

bunch weight, so that, the productivity could be enhanced reasonably (Kumar and 

Kumar, 2008)

In the present study, foliar application o f micronutrient mixture m tissue 

culture banana cv Nendran has shown positive and significant influence m the yield 

characteristics o f the crop Increase in yield may be attributed to important role o f 

micronutnents m enhancing cell elongation and division, photo synthetic activity and 

mcreased production and accumulation o f  carbohydrates (Abdel-Kader et a l , 1992) 

Treatment application has significantly mcreased the weight o f male bud, bunch 

weight, number o f fingers, average weight o f fingers and finger length, which are the 

traits o f paramount importance from the economic pomt o f view

Bunch weight m treated plants was found to be superior to that o f control 

Figure 2 shows the effect o f different treatment levels and time o f application on 

bunch weight o f  banana It was also found that with mcreasing level o f micronutrient 

mixture and time o f  application from one sprays to two or three sprays resulted in 

improvement o f bunch weight because o f  their specific role m improving bunch 

weight At lower level and time o f application the bunch weight o f fruits were 

decreased because o f  its lower concentration it might not be sufficient for enhancing
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yield attributes o f banana Three sprays o f 3 per cent micronutrient mixture enhanced 

the bunch weight o f banana This may be due to the provision o f  micronutnents at 

latter stages o f crop, which might have enhanced accumulation o f  assimilates m fruits 

and thus resulting m heavier bunch weight The possible reason for mcrease m bunch 

weight by the micronutnents might be due to faster loadmg and mobilization o f 

photo-assimilates to fruits and mvolvement m cell division and cell expansion which 

ultimately reflected into more weight o f fruit m treated plants

There was no difference between the treatments with respect to number o f 

hands produced per bunch Similar finding was reported by Anjali et al (2013) m 

banana cv Grand Name with foliar spraying o f  micronutnents The maximum hands 

were noted with 2 per cent and 3 per cent micronutnent mixture as foliar sprayed at 

two and three times, which were on par

Number o f fingers per bunch was increased with three sprays o f  1 per cent 

micronutnent mixture Fmger length was significantly influenced by treatment 

application as compared to that o f control and the maximum finger length was 

recorded m 3 sprays o f 3 per cent micronutrient mixture Average weight o f finger 

was found to be enhanced with three sprays o f 3 per cent micronutnent mixture 

These results are in line with those obtamed by Yadlod and Kadam (2008a) m banana 

cv Grand Name, Pathak et al (2011) m banana cv Martaman, Suresh and Savithri 

(2001) m Nendran banana Decrease m average fruit weight may be due to 

mcreasmg finger number and yield which means the partition o f  assimilates mto a 

high number o f fruit and consequently reduction in individual finger weight and other 

related characters

Two or three time foliar spraymg o f micronutrient mixture as 2 per cent and 3 

per cent might have helped the crop to increase in chlorophyll content o f  leaves, 

photosynthetic efficiency, translocation o f metabolites from the source to sink as and
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when needed by the crop and it may be responsible for retaining more number o f 

fruits, mcrease m weight o f  fruit and productivity as compared to control

The most outstanding effect o f micronutnents on yield was reported by 

Ghanta and Mitra (1993) m banana cv Giant Governor, Suresh and Savithn (2001) m 

Nendran banana, Yadlod and Kadam (2008b) m banana cv Shnmanti, Haque et al 

(2000) in mandarm, Modi et al (2012) m papaya cv Madhu Bindu, Yadav and Patel 

(2013), Ghanta and Dwivedi (1993), Subramaman and Pillai (1997), Kumar and 

Jayakumar (2001) in banana, Dutta and Dhua (2002), Dutta (2004) m mango, Gurjar 

et al (2015) in Alphonso mango, Pathak et al (2011) m banana cv Martaman (AAB, 

Silk), Jeyabaskaran and Pandey (2008) m Karpuravalli banana, Yadav et al (2010) 

and Anjali et al. (2013) m banana cv Grand Name

There was significant difference among different treatments regardmg total 

crop duration Total crop duration was significantly altered by the application of 

micronutnent mixture 1 per cent, 2 per cent and 3 per cent as three sprays Mmimum 

days required from plantmg to harvesting observed m three times spraymg o f  3 per 

cent micronutnent mixture as compared to rest o f the treatments Bunch maturity 

period was found to be mmimum in 3 sprays o f 3 per cent micronutrient mixture and 

maximum m control This might be due to reduced flowering and maturity duration 

which could be attnbuted to enhancing effect o f zmc m enzymatic reaction, cell 

division as well as m growth (Supnya and Bhattacharyya, 1993, Yadav and Patel, 

2013) Similar findings were noted by Ghanta and Mitra (1993) m banana cv Giant 

Governor, Yadav et al (2010) banana cv Grand Name, Babu and Smgh (2002) in 

mandarm orange, Yadlod and Kadam (2008c) m banana cv Ardhapuri
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Figure 2 Foliar application o f  micronutnent mixture on bunch weight o f banana 

5.3.3. Effect of treatm ents on fru it characteristics

Quality standards have become most important factor for determining 

monetary yield as well as farmer’s mcome in case o f high value crops like banana 

Any management system should aim to produce quality fruits, besides maximizing 

productivity (Kumar and Kumar, 2007) Hence, the present investigation reveals that 

all the quality parameters like titrable acidity, TSS, total sugars, pulp to peel ratio, 

reducing sugars, non-reducmg sugars, sugar / acid ratio, TSS / acid ratio, per cent loss 

in weight during ripenmg and keepmg quality o f  the fruits at ambient condition were 

significantly improved with the foliar application o f micronutrients mostly at 1, 2 and 

3 per cent m three sprays Increasing the micronutnent mixture levels and time of 

application might stimulate and activate the biochemical processes in plant, which 

might improve the fruit quality

Zn and Mn elements have mam role in synthesis o f  proteins, enzyme 

activation, oxidation and revival reactions, improved the auxin content and
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metabolism o f  carbohydrates Zmc helped other enzymatic reaction like 

transformation o f  carbohydrates, activity o f  hexokinase and formation o f cellulose 

and change m sugar considered due to its action on zymohexose (Dutta and Dhua, 

2002) By utilizing o f  fertilizers contain above elements, performance on quality o f 

crops is mcreasmg and with shortage o f this elements due to declme m plant 

photosynthesis and destroy RNA, amount o f solution carbohydrates and synthesis o f 

protem decreased and then performance and quality o f  crop will be decreased

Treatment application o f  micronutrients exhibited significant differences m 

the titrable acidity percentage o f the fruits Figure 3 shows the effect o f treatment 

application on titrable acidity o f  ripened banana fruits Highest acidity percentage 

was found m control plants and lowest acidity was found m 3 sprays o f  1, 2 and 3 per 

cent o f micronutrient mixture A reduction m acidity is usually preferred and here it 

is found that the treatments have reduced the acidity percentage o f  fruits as compared 

to that o f control With mcreasmg level and time o f  application o f micronutrient 

mixture the titrable acidity per cent has been reduced and m case o f  control it has 

been mcreased greatly The reduction o f acidity in micronutnent treated fruit juice 

might be due to their utilization m respiration and rapid metabolic transformation o f 

organic acids mto sugars (Brahmachan et a l , 1997, N ingaw a et a l , 2014) Similar 

results were also reported by Deolankar and Firake (2001) m banana, Smgh et al 

(2003) m pomegranate, Patil and Hiwarale (2004) m acid lime

Total soluble solids (TSS) o f fruits exhibited significant differences among 

the treatments Figure 4 shows the effect o f  different levels and times o f  application 

of nutrients on TSS content o f fruits At lower concentration the TSS content was 

less, whereas with mcreasmg level and time o f  application o f micronutrient mixture, 

TSS o f  fruits also mcreased This is because o f  the micronutrients were needed m 

higher quantity for enhancing fruit quality parameters Three sprays o f 2 or 

3 per cent micronutnent mixture have shown to improve the TSS o f ripened fruits 

The higher TSS was due to the enhanced total sugar content, owmg to the mcreased
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metabolism o f  carbohydrates Zmc helped other enzymatic reaction like 

transformation o f  carbohydrates, activity o f  hexokmase and formation o f cellulose 

and change m sugar considered due to its action on zymohexose (Dutta and Dhua, 

2002) By utilizing o f  fertilizers contam above elements, performance on quality o f 

crops is increasing and with shortage o f this elements due to declme m plant 

photosynthesis and destroy RNA, amount o f  solution carbohydrates and synthesis o f 

protein decreased and then performance and quality o f crop will be decreased

Treatment application o f  micronutnents exhibited significant differences m 

the titrable acidity percentage o f  the fruits Figure 3 shows the effect o f  treatment 

application on titrable acidity o f  ripened banana fruits Highest acidity percentage 

was found m control plants and lowest acidity was found m 3 sprays o f  1, 2 and 3 per 

cent o f micronutrient mixture A reduction m acidity is usually preferred and here it 

is found that the treatments have reduced the acidity percentage o f fruits as compared 

to that o f control With increasing level and time o f application o f micronutrient 

mixture the titrable acidity per cent has been reduced and m case o f  control it has 

been mcreased greatly The reduction o f acidity m micronutnent treated fruit juice 

might be due to their utilization m respiration and rapid metabolic transformation o f 

organic acids mto sugars (Brahmachan et a l , 1997, Nmgavva et a l , 2014) Similar 

results were also reported by Deolankar and Firake (2001) m banana, Smgh et al 

(2003) m pomegranate, Patil and Hiwarale (2004) m acid lime

Total soluble solids (TSS) o f fruits exhibited significant differences among 

the treatments Figure 4 shows the effect o f  different levels and times o f  application 

of nutrients on TSS content o f fruits At lower concentration the TSS content was 

less, whereas with increasing level and time o f application o f micronutrient mixture, 

TSS o f fruits also mcreased This is because o f  the micronutnents were needed m 

higher quantity for enhancing fruit quality parameters Three sprays o f 2 or 

3 per cent micronutnent mixture have shown to improve the TSS o f ripened fruits 

The higher TSS was due to the enhanced total sugar content, owing to the mcreased
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photosynthesis activity, which ultimately leads to efficient translocation o f  available 

photosynthates to fruit pulp rather than to other parts (Kulkami, 2004) Borate ion 

may be associated with the cell membrane where it could be complex with sugar 

molecules and facilitates its passage across the membrane that might be the reason o f 

mcreased total soluble solids (Meena et o l , 2006) which confirmed the present 

findings

Figure 5 shows the effect o f  different levels and tunes o f  application o f 

nutrients on pulp to peel ratio The maximum amount o f pulp content was recorded 

in 3 sprays o f  1, 3 or 4 per cent micronutnent mixture which might be due to foliar 

application o f  micronutrients especially B This might have made rapid synthesis o f 

metabolites particularly carbohydrates and their translocation to the fruits causmg 

relatively greater pulp content Higher pulp weight and lower peel weight might be 

due to mcreasmg levels and times o f  application o f micronutrient mixture This can 

also be possible as the complexes o f  polyhydroxy compounds with B can facilitate 

transport o f carbohydrates within phloem tissue (Hewitt, 1963) These are in 

agreement with those findings reported by Pathak et al (2011) m banana cv 

Martaman, Yadlod and Kadam (2008a) and N ingaw a et al (2014) in banana cv 

Grand Name

Application o f  micronutnents found to brmg beneficial effect on total sugars, 

reducmg sugars and non-reducing sugar content o f ripened banana fruit, sugar / acid 

ratio, TSS / acid ratio as compared to that o f control Figure 6 shows that effect o f 

treatment application on total sugar content o f  fruits With increasing levels and 

times o f  application o f micronutrient mixture the total sugar content also mcreased 

but it decreased m 3 sprays o f  4 per cent micronutnent mixture because o f  their 

toxicity effect Total sugar content o f ripened banana fruits was found to be 

maximum m 3 sprays o f  2 per cent micronutnent mixture This is due to its action on 

converting complex substances mto simple ones, which enhances the metabolic 

activity m fruits and it results m increased total sugar o f fruit Similar findings were
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reported by Paul and Nair (2015) m banana cv Nendran banana, Pathak et al (2011) 

in banana cv Martaman, Yadlod and Kadam (2008b) in banana cv Shrimanti The 

highest sugar content in juice o f  sweet orange fruits was observed with foliar 

application o f  ZnSC>4 (0 5 %) + FeS04 (0 4 %) + Borax (0 2 %) as reported by 

Kulkami (2004)

Increased m reducing sugars with 3 sprays o f 2 per cent micronutrient mixture 

might be due to that formation and translocation o f  carbohydrate, which improves the 

fruit quality as reported by Pathak and Mitra (2008) Figure 7 shows the effect o f 

treatment application on reducing sugar content o f ripened banana fruits With 

increasing levels and times o f application o f  micronutrient mixture, the reducmg 

sugar content o f ripened fruits also mcreased because o f  then necessity m fruit 

quality attributes At lower level and time o f  application the reducmg sugar content 

o f fruits decreased because its lower concentration may not be enough for enhancing 

fruit quality attributes The multi-micronutrient mixture comprised o f Zn and B and 

other micronutnents have an important role in sugar metabolism Zmc promotes 

hydrolysis o f starch into sugars and B expedites sugar transport across the membrane 

by a temporary formation o f  sugar borate complex (Gauch and Dugger, 1953) 

Ghanta and Dwivedi ( 1993) reported the significant effect o f  micronutrient on 

reducmg sugar content o f fruit and the best result (6 99 %) in combined spraymg of 

Zn+Cu+B Similar results were also reported by Aziz and Wahab (1970), Sharma 

(1976), Paul and Nair (2015) m banana cv Nendran, Yadload and Kadam (2008a) in 

banana cv Grand Name

The highest non-reducing sugar content was observed in 2 sprays o f  1 per cent 

micronutrient mixture and lowest was found in 3 sprays o f  3 per cent micronutrient 

mixture Paul and Nair (2015) also found that foliar spraymg o f  micronutrient 

mixture (ZnSC>4 - 1 0 %  + FeS04 - 0 3  % + CuSCU - 0 2 %  + H3BO3 - 0 2 %  + 

(NH4)2M o04 - 0 03 %) reduced the non-reducmg sugar content o f banana cv 

Nendran
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Foliar application o f micronutrient mixture 2 and 3 per cent as three sprays 

significantly mcreased the sugar / acid ratio and TSS / acid ratio o f  ripened banana 

fruit Figure 8 and Figure 9 shows the effect o f  treatment application on sugar /  acid 

ratio and TSS / acid ratio o f ripened banana fruits It might be due to increase m 

sugar content and decrease in acidity level o f  fruits by these treatments With 

mcreasing levels and times o f  application o f  micronutnent mixture the sugar content 

o f ripened fruits has improved greatly and acidity percent has been decreased But in 

case o f  lower levels the sugar content decreased and acidity per cent mcreased which 

led to reduction in sugar /  acid ratio and TSS /  acid ratio o f ripened banana fruit 

Similar beneficial effect o f foliar application o f Zn, Mn B, Cu and Fe on mango, 

orange, banana and pineapple fruits have been reported by Smgh and Rajput (1976) 

and Nehete et al (2011) m mango, Patel et al (2010) m banana cv Basrai, Pathak et 

al (2011) m banana cv Martaman, Kavitha et al (2000a) m papaya, Yadav and Patel

(2013) in banana cv Grand Name

Per cent loss in weight during ripening and keeping quality o f  fruits at 

ambient condition exhibited significant differences among the treatments Figure 10 

shows the effect o f foliar application o f  micronutrient mixture on per cent loss in 

weight o f fruits during ripenmg at ambient condition Foliar spraying o f 2 or 3 

per cent micronutrient mixture as 3 sprays shown to improve shelf life o f  ripened fruit 

as well as minimum loss m weight during ripenmg With increasing levels and times 

o f application o f  micronutnent mixture loss in weight during ripenmg o f fruits were 

reduced Reduction in weight loss might be due to decreased rate o f respiration and 

transpiration, restricting ethylene accumulation and production in fruits during 

ripenmg Enhanced shelf life o f  banana fruits with the application o f  micronutnent 

mixture due to their ability to improve the quality o f harvested produce These 

results are in harmony with those obtained by Paul and Nair (2015) in banana cv 

Nendran, Yadlod and Kadam (2008 b,c) in banana cv Shnmanti and Ardhapuri
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5.3.4. Effect of treatments on soil nutrient status

The effect o f  foliar application o f  micronutnents on soil nutrient status were 

studied and found that OC, N, P, K, Mg, Zn, B, Fe, B and Mo was found to be 

significant with treatment application while pH, EC, Ca, S and Cu content soil was 

found to be non significant

There was no significant effect o f  treatment application on soil pH and 

electrical conductivity However average pH o f the treatment plots were lower than 

that o f  control plot, which m turn enhance the nutrient availability and can bring 

about a better soil environment for plant growth 3 sprays o f  1 per cent micronutnent 

mixture treated plots were found to have lesser pH o f  4 8  Even though 

non significant, average EC o f treatment plots were higher than that o f  control plot 

Highest EC value was found m 2 sprays o f 2 per cent micronutnent mixture treated 

plots and lowest EC value was recorded 2 sprays o f  4  per cent micronutnent mixture 

treated plots It might be due to mcrease m the soluble salt content o f  the soils

Organic carbon content o f  the soils was significantly influenced by treatment 

application 3 sprays o f  1 per cent micronutnent mixture treated plots have mcreased 

organic carbon content o f soil whereas control plot was found to have lowest organic 

carbon content

Available Nitrogen, phosphorus and potassium content o f  soil were 

significantly influenced by treatment application With mcreasmg level o f  

micronutnent mixture the available nitrogen content o f  soil also increased Highest 

available N was recorded m 3 sprays o f  4 per cent micronutnent mixture treated plots 

whereas lowest was recorded m one spray o f  3 per cent micronutnent mixture treated 

plots Available P content o f soil mcreased with treatment application as compared to 

that o f  control Maximum available P content was found m 3 sprays o f  4 per cent 

micronutnent mixture treated plots and control plot recorded minimum available P 

content Available K content o f  soil also improved with treatment application as
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compared to that o f control Highest available K  content o f soil was recorded m 2 

sprays o f 4 per cent micronutnent mixture treated plots while control plot was found 

to have lowest available K content

Ca and S content o f  soil was not influenced by treatment application Non 

significance o f nutrients might be due to mcreased plant uptake and leaching losses 

Under humid tropical climatic conditions, soils dominated by kaolmitic clay readily 

leaches out Ca2+ (Sims and Ellis, 1983) Mg content o f treated plots was increased 

with mcreased time o f  treatment application Highest Mg content was recorded m 3 

sprays o f  1 per cent micronutnent mixture treated plot

Application o f  micronutnent mixture brought out significant changes m 

availability o f  iron, manganese, zmc, molybdenum and boron in soil Zmc content o f 

the soils exhibited significant difference among the treatments Two sprays o f  1 per 

cent micronutrient mixture treated plot recorded maximum Zn content o f  soils and 

control plot recorded the minimum The maximum soil Zn concentration is mamly 

due to humus-Zn chelatmg process The mobility and availability o f trace elements is 

controlled by chemical and biochemical processes mcludmg precipitation, 

dissolution, adsorption-desorption, complexation-dissolution and redox processes 

(Hursthouse, 2001)

Iron content o f  soil was also significantly influenced by treatment application 

With mcreasmg level o f  micronutnent mixture the Fe content o f soil has been 

decreased Maximum Fe content was recorded m one spray o f  4 per cent 

micronutnent mixture treated plot whereas control plot recorded the minimum 

content

Mn content o f  soil was significantly influenced by treatment application 

Highest Mn content was recorded with 3 sprays o f 2 per cent micronutnent mixture 

treated plots When Cu status is considered, treatment application did not influence 

the Cu content o f  soils However, highest Cu content was found m 2 sprays o f  1 per
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cent micronutrient mixture treated plots and lowest was recorded m m one spray o f  2 

per cent micronutrient mixture treated plots

B content o f  soil was found to higher in all treated plots as compared to 

control plot One spray o f  4 per cent micronutrient mixture treated plots was found to 

have highest B content m soil The contribution o f foliar fertilization in mcreasmg 

nutrient content o f  soils might be due to washing and by draining fertilizer solution 

from leaves to soil surface (Nomura e t a l , 2011)

Mo content o f  soil was found to higher in all treated plots as compared to 

control plot Three sprays o f 4 per cent micronutrient mixture treated plots were 

found to have highest Mo content m soil

5.3.5. Effect of treatments on leaf nutrient contents

The effect o f  foliar spraymg o f  micronutrient mixture showed 

significant influences in leaf nutrient contents o f  banana at bunchmg stage and at 

harvest Except nitrogen all other elements like P, K, Ca, Mg, S, Zn, B, Fe, Mn, Mo 

and Cu content o f  leaves mcreased at one or both stage o f observation The increased 

m macro and micronutrient content o f  leaf might be attributed to fact that the 

physiological processes o f  leaves led to rapid absorption and utilization o f  nutrients 

for primary metabolic processes Arunachalam et al (1976) showed that adequate 

levels o f  nutrient m banana leaf ranged from 3 18-3 43, 0 46-0 54, 3 36-3 76, 2 3-2 4 

and 0 25-0 28 per cent for N, P, K, Ca and Mg, respectively The results obtained m 

the present investigation are in lme with Arunachalam et a l (1976) The increased 

uptake o f P, K, M n and Zn by various crops were reported by Ghanta and M itra 

(1993) in banana cv Giant Governor, Durgadevi et al (1997) in citrus, Lai et al 

(2000) m guava, Aggarwal et al (1975) m grapes, Afria et al (1999) m pomegranate, 

Nehete et al (2011) m mango and Yadav et a l (2009b) in banana cv Grand Name
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Nitrogen content o f banana leaves at bunching stage as well as at harvest was 

not influenced by treatment application Even then, m both stages the N content 

ranged between 2 10- 4 20 per cent which was sufficient for crop growth Two times 

foliar spraying o f  3 per cent micronutnent mixture was found to have highest N 

content m leaves and control plants was recorded lowest N  content in leaves Hewitt 

(1955) reported that 2 6 per cent N m the leaf is adequate for banana, while Murray 

(1962) showed that <1 5 per cent nitrogen is designated as deficient for banana 

There was gradual decrease m N content from bunching to harvest, because N is the 

primary element which may be mostly utilized by plants Similar finding was 

reported by Jeyabaskaran and Pandey (2008) m Karpuravalli banana

Significant differences were noticed m the P content o f leaves among the 

treatments at the time o f harvest o f banana Highest P content was recorded m 1, 2 

and 3 sprays o f  3 per cent micronutnent mixture treated plants Control and one 

spray o f 1 per cent micronutnent mixture were found to have lowest P content This 

might be due to rapid phosphorus uptake by plants, their metabolism and 

translocation to plant parts Similar findings were reported by Yadav et al (2009b) m 

banana cv Grand Name, Sankar et al (2013) in mango cv Alphonso

Potassium content o f leaves was found to be significant at bunchmg stage as 

well as at harvest o f crop 3 sprays o f  3 per cent micronutnent mixture were found to 

have highest K content o f leaves Control plants had lowest K  content m leaves 

This might be due to role o f micronutrients especially B in encouragement of 

potassium absorption from soil rather than utilization in plant tissues Similar report 

was also obtained by by Yadav et al (2009b) m banana cv Grand Name, Sankar et 

al (2013) m mango cv Alphonso, Jeyabaskaran and Pandey (2008) m Karpuravalli 

banana and Paul and Nair (2015) m banana cv Nendran The application o f 

micronutrients favoured the accumulation o f  macronutnents due to their role in 

activation o f enzymes, mvolved in metabolic processes (Muthukrishnan et a l , 2014)
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L eaf Ca content at bunching stage and at harvest showed notable difference 

among the treatments At bunching stage 2 sprays o f  4 per cent micronutrient 

mixture and at harvest 3 sprays o f  3 per cent micronutrient mixture recorded highest 

Ca content m leaves Mg content was found highest with 3 sprays o f 2 per cent 

micronutnent mixture at bunchmg stage Mg content o f  leaves mcreased with 

increasing levels and time o f treatment application Sulphur content o f leaves also 

increased with increasing level and tune o f treatment application Highest S content 

was found in 3 sprays o f  3 per cent micronutnent mixture at the time o f harvest

The addition o f  micronutrients either alone or through mixture, must have 

exerted its direct effect on its own composition Application o f  micronutnent mixture 

brought out significant changes m leaf Zn, Fe, Mn, Cu, B and Mo content at bunchmg 

stage and at harvest o f banana Similar findings were also observed by Thiyageshwari 

and Ramanathan (2001), Bhatt and Snvastava (2005), Kumbhar and Deshmukh

(1993), Prabha and Smgaram (1996)

Treatment application significantly influenced the Zn content o f  leaves at both 

stages o f observation With mcreasmg level o f  micronutrient mixture Zn content of 

leaves also mcreased At bunchmg stage, the highest Zn content was recorded in 3 

sprays o f  4 per cent micronutnent mixture treated plants and at harvest, 3 sprays o f  3 

per cent micronutnent mixture treated plants recorded the maximum Zn content In 

both stages, control plants found to have the lowest Zn content This increase m leaf 

Zn content was due to its maximum absorption from Zn source through foliage and 

less translocation to other parts o f the plant Similar finding was also reported by 

Yadav et al (2009b) m banana cv Grand Name, Dalai et al (2011) m Ber, Hafeez- 

ur-Rahman and Izhar-ul-Haq (2014) m sweet orange and Lalithya et al (2014) m 

sapota

Application o f  micronutnents mcreased the concentration o f iron as it was 

supplied through micronutnent spray Fe concentration o f leaves m treated plants
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was found to be higher than that o f control plants 3 sprays o f  4 per cent 

micronutrient mixture found to have highest Fe content m leaves at both stages 

whereas control plants recorded the lowest Fe content. The acidic environment in the 

root vicinity leads the reduction o f Fe3+ to Fe2+ form which is water soluble and 

available form to plants This results m increase in the Fe content o f leaves and 

might have led to higher Fe uptake The results are in conformity with Lalithya et al

(2014) m sapota, Yadav et al. (2009b) in banana cv Grand Name, Dalai et al (2011) 

m Ber, Jeyabaskaran and Pandey (2008) m Karpuravalli banana

Significant differences were noticed in the Mn uptake among the treatments 

However, very high levels o f Mn were observed in banana leaves At bunchmg stage, 

3 sprays o f  4 per cent micronutrient mixture and at harvest 3 sprays o f 2 per cent 

micronutrient mixture were recorded with highest Mn content o f  leaves Turner and 

Barkus (1983) also reported the high Mn concentration m the leaves as a special 

character o f banana Average Mn content o f  the treated plants was higher than the 

control plants A concentration upto 2200 ppm is considered as optimum for banana 

whereas above which it is high under subtropical conditions as reported by Turner 

and Barkus (1983) Similar findings were obtained by Dalai et al (2011) in Ber, 

Hafeez-ur-Rahman and Izhar-ul-Haq (2014) m sweet orange, Jeyabaskaran and 

Pandey (2008) m Karpuravalli banana and Hasam et al (2012) m pomegranate 

leaves

Average Cu content o f the leaves m treated plants was higher than that o f 

control at bunchmg stage as well as at harvest o f banana 3 sprays o f 

3 per cent micronutnent mixture found to have highest Cu content Application o f 

micronutrients mcreased the concentration o f  copper as it was supplied through foliar 

spray With increasmg level and time o f  application o f micronutrient mixture the Cu 

content o f the leaves also increased Similar findings were also reported by Paul and 

Nair (2015) m banana cv Nendran, Lalithya et al (2014) in sapota and Yadav et al 

(2009b) m banana cv Grand Name
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Significant differences in B concentration of the leaves were noticed at both 

stages o f observation with foliar application o f  micronutnent mixture This might be 

due to the presence o f  boron bmdmg compounds in the cell which might have 

mcreased the mechanism o f boron uptake, which is thought to be a non-metabolic 

process determined m plant by the formation o f non-exchangeable boron complexes 

withm the cytoplasm and cell wall Similar findings were reported by Brown and Hu

(1994) in sunflower, Saran and Kumar (2011) m mango, Asgharzade et al (2012) in 

apple, Sankar et al (2013) in mango cv Alphonso

Average Mo content o f the leaves m treated plants was higher than that o f 

control at both o f stages Three sprays o f  3 per cent micronutnent mixture was found 

to make highest Mo content in leaves Application o f micronutrients mcreased the 

concentration o f  molybdenum as it was supplied through foliar spray With 

mcreasmg level and time o f  application o f  micronutnent mixture the Mo content o f 

the leaves also mcreased

The results o f  net return and BCR (Table 21) indicated that there exists a 

significant difference between the treatments The treatment T n  (3 sprays o f  3 % 

micronutnent mixture) registered the maximum net return and BCR o f  Rs 6,94,964 

h a 1 and 2 29 Foliar spraymg o f  micronutnent mixture enhanced the growth and 

yield parameters, which in turn gave higher net returns and B C R  This was m 

accordance with the results o f Yadav and Patel (2013) m banana cv Grand Name, 

Patel et al (2010) m banana cv Basrai, Pathak et al (2011) and Baun et al (2014) m 

banana cv Martaman (AAB, Silk)
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6. SUMMARY

The salient findings o f  the present study entitled “Formulation and evaluation 

o f micronutrient mixture for foliar application in TC banana (Musa s p ) var 

Nendran” are summarized in this chapter

Investigations were carried out at College o f  Agriculture, Padannakkad and 

Regional Agricultural Research Station farm, Nileshwar during November 2014 to 

March 2016, with the objectives o f preparation o f  a micronutnent mixture 

formulation containing Zmc, Iron, Boron, Copper, Manganese and Molybdenum for 

foliar spray, to evaluate stability o f  formulation and its keeping quality and to 

mvestigate the effect o f  this formulation on growth, yield and quality o f  fruits m 

banana (Musa AAB) Nendran The whole study consisted o f  three parts -  

preparation o f  micronutnent mixture formulation, hardenmg studies and field 

experiment

Preparation o f micronutnent mixture as a liquid formulation was tried with 

the use o f  different micronutnent salts contammg Zn, B, Fe, Mn, Cu and Mo The 

formulation technique was standardized and it contams two liquids Solution A and 

Solution B Solution A  consistmg o f  ZnSC>4 7H2O, CuSC>4 5H20 , FeS04 7H20 , 

H3BO3, MnS0 4 H20  and (NH4)6Mo70 24 4H20  m desired proportion For 

mamtammg stability and keepmg quality o f solution A, various chemicals were tried 

Citric acid (20 %) was found best for mamtammg keepmg quality o f  solution A Its 

stability was periodically monitored at specific intervals Solution B is prepared as 

1 per cent humic acid Required quantity o f this has to be blended with diluted 

solution A just before spraymg The second and third part o f the experiment was 

evaluation o f  this mixture This micronutrient mixture was diluted to different 

concentrations and applied as foliar spray m tissue culture banana cv Nendran to 

study the effect o f this nutrient mixture on hardening and field experiment



126

The hardening studies were conducted in the mist chamber, Department o f 

Plant Biotechnology, College o f  Agriculture, Padannakkad, Kerala with TC plants of 

uniform size multiplied from same genotype The experiment was carried out m 

completely randomized design with 12 treatments and one absolute control 

maintaining 3 replications each and there were 4 plants in each replication The 

treatments consisted o f  4 levels o f micronutrient mixture (0 25 %, 0 5 %, 0 75 % and 

1 %) sprayed at 3 different intervals The 3 different sprays were one spray was 

given at immediately after plantmg, two sprays at immediately and two weeks after 

plantmg and three sprays at immediately, two and three weeks after plantmg during 

secondary hardening stage Thus there were 12 treatment combinations and one 

control which were Ti, T5, T9 at 0 25 per cent (one, two and three sprays), T2, T6, T 10 

at 0 50 per cent (one, two and three sprays), T3, T7, T n at 0 75 per cent (one, two and 

three sprays), T4 , Tg, T 12 at 1 per cent (one, two and three sprays) and T 13- control 

The important biometric observations such as plant height, number o f leaves, leaf 

length and leaf breadth were recorded at one month after keep mg it for hardenmg 

The results showed that the application o f  micronutnent mixture have positive effect 

on biometric characters o f  the crop Maximum plant height (20 2 cm) was recorded 

in T 10 (0 5% micronutnent mixture as 3 sprays) Highest number o f leaves (6 8) and 

leaf breadth (7 3 cm) was recorded m T9 (0 25% micronutnent mixture as 3 sprays) 

and T5 recorded highest leaf length (19 6 cm)

The field experiment was carried out at Regional Agricultural Research 

Station farm, Nileshwar to study the effect o f foliar application o f  micronutnent 

mixture m tissue culture banana cv Nendran One fifty six hardened tissue culture 

banana plantlets were planted m randomized block design with thirteen treatments 

and three replications such that four plants were maintained in each replication 

Nitrogen, Phosphorus and Potassium application and other cultural practices were 

uniformly followed for all the plants as per Package o f Practices, KAU (2011)
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The treatments consisted o f 4 levels o f  micronutrient mixture (1 %, 2 %, 3 % 

and 4 %) sprayed at 3 different intervals The 3 different sprays were one spray was 

given at two months after planting, two sprays at two and four months after planting 

and three sprays at two, four and six months after plantmg Thus there were 12 

treatment combinations and one control which were T i, T5, T9 at 1 per cent (one, two 

and three sprays), T2,T6,Tio at 2 per cent (one, two and three sprays), T3,T7,Tn at 3 

per cent (one,two and three sprays), T4, T8,Ti2 at 4 per cent (one,two,three sprays) 

and T 13- control

The results o f  the field experiment showed that treatment application 

significantly enhanced the vegetative characters like pseudostem height, pseudostem 

girth and number o f leaves and yield parameters like bunch weight, number o f  

fingers, average weight o f  fingers, finger length and mmimum days to harvest 

Maximum pseudostem height was recorded in T 12 (4 % micronutrient mixture as 3 

sprays) at 4 months after plantmg, pseudostem girth at 90 cm was found to highest m 

T 10 (2 % micronutrient mixture as 3 sprays) at the time o f  shooting, highest number 

o f  leaves was recorded in Tg (2 % micronutrient mixture as 2 sprays) at 4 months 

after planting as well as at the time o f shooting and number o f  suckers produced at 

harvest were highest m T 10 (2 % micronutrient mixture as 3 sprays) and T 12 (4 % 

micronutrient mixture as 3 sprays) The highest male bud weight was found m T 5 (1 

% micronutrient mixture as 2 sprays) Bunch weight was found to be highest in T n  

(3 % micronutrient mixture as 3 sprays) with 12 76 kg whereas control T 13 recorded 

the lowest bunch weight o f  8 32 kg with 53 4 % increases in yield for treatment over 

control T9 (1 % micronutrient mixture as 3 sprays) found to have maximum number 

o f  fingers, highest average weight o f fingers and finger length was found m T n  (3 % 

micronutrient mixture as 3 sprays) Highest breadth was recorded with T n  (3 % 

micronutrient mixture as 3 sprays) and T 10 (2 % micronutrient mixture as 3 sprays) 

T 10 produced the bunch m shortest time o f  186 days whereas T n  (3 % micronutrient 

mixture as 3 sprays) took minimum days (271 days) for harvesting as well as
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minimum bunch maturity period (82 days) and T4 (4 % micronutnent mixture as 1 

spray) took mmimum days for harvesting to npemng o f  fruits (4 days)

Fruit characteristics like titrable acidity, TSS, pulp to peel ratio, total sugars, 

reducing sugars, non-reducing sugar content, sugar /  acid ratio, TSS / acid ratio, 

per cent loss m weight during ripenmg and keepmg quality o f  the fruits at ambient 

condition were studied All the fruit quality parameters showed significant 

differences among the treatments Lesser acidity mdicates better quality and the 

lowest titrable acidity was recorded m T n  (3 % micronutnent mixture as 3 sprays) 

whereas control T 13 recorded the maximum acidity content o f  fruits Maximum TSS 

content (30 0 °brix) was found m Tn (3 % micronutnent mixture as 3 sprays) 

whereas T ]2 (4 % micronutnent mixture as 3 sprays) recorded highest pulp to peel 

ratio o f  3 70 The highest total sugar content (21 3 %) and reducing sugar content 

(19 0 %) was recorded with T10 (2 % micronutnent mixture as 3 sprays) and the 

highest non-reducmg sugar content was recorded m T5 ( 1  % micronutnent mixture as 

2 sprays) whereas Tn (3 % micronutnent mixture as 3 sprays) recorded the lowest 

non-reducmg sugar content Highest sugar /  acid ratio and keepmg quality o f  the 

fruits at ambient condition were found m T 10 (2 % micronutrient mixture as 3 sprays) 

Tn (3 % micronutnent mixture as 3 sprays) was found to have highest TSS / acid 

ratio and mmimum loss m weight o f  fruits during ripenmg

The effect o f  foliar application o f  micronutnents on soil nutrient status were 

studied and found that OC, N, P, K, Mg, Zn, B, Fe, B and Mo status were found to be 

significant with treatment application while pH, EC, Ca, S and Cu content soil was 

found to be non significant

Lowest pH (4 8 ) was found m T9 which receiving 1 per cent micronutnent 

mixture as 3 sprays, highest EC value was found in Tg ( 2  % micronutrient mixture as 

2 sprays) treated plots and lowest EC value was recorded T 8  (4 % micronutnent 

mixture as 2 sprays) T9 (1 % micronutnent mixture as 3 sprays) found to have
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highest organic carbon content o f soil whereas T 13 (control) recorded the lowest 

organic carbon content

Available N content o f  the soils was significantly influenced by treatment 

application With increasmg levels and times o f  application o f  micronutnent mixture, 

the available nitrogen content o f  soil also mcreased Highest available N  and 

available P content were recorded m (4 % micronutnent mixture as 3 sprays), 

whereas control plot recorded the minimum Available K  content o f  soil also 

improved with treatment application as compared to that o f  control Highest 

available K  content o f  soil was recorded m Ts (4 % micronutnent mixture as 2 

sprays), while control plot was found to  have the lowest content

Ca and S content o f soil was not influenced by treatment application 

However, maximum Ca content was recorded m T 5 (1 % micronutnent mixture as 2 

sprays) and S content in Ti 1 (3 % micronutnent mixture as 3 sprays) Mg content o f 

treated plots was mcreased with mcreasmg time o f  application Highest Mg content 

was recorded in T9 (1 % micronutnent mixture as 3 sprays)

Application o f micronutnent mixture brought out significant changes m 

available Zn, B, Fe, Mo and M n Highest Zn and Cu content was found in T 5 (1 % 

micronutnent mixture as 2 sprays) and control plot recorded the mmimum With 

mcreasmg level o f  micronutnent mixture the Fe content o f  soil has been decreased 

Maximum Fe content was recorded in T4 (4 % micronutnent mixture as one spray) 

and M n content was m T 10 (2 % micronutnent mixture 3 sprays) B content o f  soil 

was found to higher m all treated plots as compared to control plot T 4 (4 % 

micronutnent mixture as one spray) was found to have highest B content m soil 

Highest Mo content was recorded with T 12 (4 % micronutnent mixture 3 sprays)

As leaf nutrient concentration o f  banana is considered, significant influence o f  

treatment application o f  micronutrient mixture were found in P, K, Ca, Mg, S, Zn, B, 

Fe, Mn, Mo and Cu content at one or both stage o f  observation (bunchmg and at
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harvest) Highest N content was found in T7 (3 % micronutrient mixture 2 sprays) at 

bunchmg stage as well as at the time o f harvest o f  banana Highest P content was 

found m T3 (3 % micronutrient mixture 1 spray) and T7 (3 % micronutrient mixture 2 

sprays) at harvest Highest K content o f leaves was recorded in Tn 

(3 % micronutrient mixture as 3 sprays) at bunchmg stage and at harvest

At bunchmg stage Tg (4 % micronutrient mixture as 2 sprays) and at harvest 

Tn (3 % micronutrient mixture as 3 sprays) recorded highest Ca content m leaves 

Mg content o f leaves mcreased with mcreasmg levels and time o f  application Mg 

content was found highest with T 10 (2 % micronutrient mixture as 3 sprays) at 

bunchmg stage and the highest S content was found m Ti 1 (3 % micronutrient mixture 

as 3 sprays) at harvest

Regardmg micronutrient content o f  leaves there was significant differences 

between the treatments and the control with respect to Zn, Fe, Mn, Cu, Mo and B 

content at bunchmg and at harvest o f  banana The highest Zn content was recorded m 

T]2  (4 % micronutrient mixture as 3 sprays) at bunchmg stage and Tn 

(3 % micronutrient mixture as 3 sprays) at harvest whereas control plants found to 

have the lowest Zn content With mcreasmg level o f  micronutrient mixture Zn 

content o f  leaves also mcreased Fe concentration o f leaves m treated plants was 

found to be higher than that o f  control plants

At both stages o f obesrvation, T 12 (4 % micronutrient mixture as 3 sprays) 

found to have highest Fe content m leaves Average Mn content o f  the treated plants 

was higher than the control plants Highest Mn content was found m T12 

(4 % micronutrient mixture as 3 sprays) at bunching stage and T 10 (2 % micronutrient 

mixture as three sprays) at harvest Average Cu content o f the leaves m treated plants 

was higher than that o f  control at bunchmg stage and at harvest In both stages, Tn 

(3 % micronutrient mixture as 3 sprays) found to have highest Cu content
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Highest B content was recorded in T3 (3 % micronutnent mixture as one 

spray) at bunching and T 12 (4 % micronutnent mixture as 3 sprays) at harvest Mo 

content was found to highest with T n  (3 % micronutnent mixture as 3 sprays) in 

bunchmg and at harvest

The Highest net return (Rs 6, 94, 964) and benefit cost ratio (2 3) was 

registered with foliar application o f  3 % micronutrient mixture as three sprays (Tn) 

The quantity o f  spray solution required for best treatment T n  on projection to one ha 

is 56 litres, with an additional cost o f  Rs 160/ litre for the mixture plus Rs 600 / day 

as cost o f labour for application

The positive effects o f the micronutnent foliar spray solution mdicate the 

need o f  these nutrients on banana This effect can be further evaluated on vegetables 

and other crops On the basis o f  the results thus obtained recommendation can be 

made on adhoc basis
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ABSTRACT

The experiment entitled “Formulation and evaluation o f micronutrient mixture 

for foliar application in TC banana {Musa s p ) var Nendran” was carried out with the 

objectives o f preparing a micronutrient mixture formulation for foliar spray, to 

evaluate stability of formulation and its keeping quality and to investigate the effect 

of this formulation on growth, yield and quality o f fruits m banana (.Musa sp ) 

Nendran The whole study consisted o f three parts -  preparation of micronutrient 

mixture formulation, hardening studies and field experiment The studies were 

earned out at College of Agnculture, Padannakkad and RARS farm, Nileshwar 

during 2014-2016

Micronutnent mixture formulation was prepared with the use of different 

micronutnent salts containing Zn, B, Fe, Mn, Cu and Mo The formulation technique 

was standardized and it was prepared as two liquids Solution A and Solution B 

Solution-A consisted o f ZnSC>4, CUSO4, FeStAf, H3BO3, MnS04 and (NF^M oCU m 

desired proportion For maintaining stability and keeping quality of solution A, 

addition o f citric acid was found to be the best Solution B was prepared as 1 per cent 

humic acid Required quantity of solution A and B was diluted and blended just 

before spraying

The hardening studies were conducted in the poly house with TC plants of 

uniform stage multiplied from same genotype The experiment was earned out m 

CRD with 12 treatments and one control with 3 replications each and there were 4 

plants m each unit The treatments consisted of 4 levels o f micronutrient mixture 

(0 25 %, 0 5 %, 0 75 % and 1 %) sprayed at 3 different intervals The 3 different 

spray scheduled were one spray- immediately after plantmg and 2 subsequent sprays 

given at 2nd and 3rd weeks after plantmg during secondary hardening stage Thus 

there were 12 treatment combinations and one control The treatments were T[, T2, 

T3 and T4 - one spray, T5, T6, T7 and Tg - two sprays and T9, T 10, Tn and T12 - three 

sprays o f 0 25, 0 5, 0 75 and 1 per cent concentrations respectively T]3 was control
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Significant differences among the treatments were observed in the biometnc 

characters of the plants Plant height (20 2 cm) was found to be highest in T ]0 (0 5% 

as 3 sprays) Highest number o f leaves (6 8) and leaf breadth (7 3 cm) was recorded 

in T9 (0 25% as 3 sprays) and T5 recorded highest leaf length (19 6 cm)

The field experiment was earned out at RARS farm, Nileshwar in RBD with 

12 treatments and one control with 3 replications each and there were 4 plants in each 

unit Major nutrients viz N, P, K and other cultural practices were uniformly 

followed for all plants as per PoP, KAU (2011) The treatments consisted of 4 levels 

of micronutnent mixture (1 %, 2 %, 3 % and 4 %) sprayed at 3 different intervals 

The 3 different spray scheduled were one spray was given at 2 MAP, two sprays at 2 

and 4 MAP and three sprays at 2, 4 and 6 MAP Tt, T2, T3 and T4 - one spray, T5, T6, 

T7 and Tg - two sprays and T9, T10, Tn and T 12 - three sprays of 1, 2, 3 and 4 per cent 

concentration respectively and T 13 was control

The results o f the field expenment showed that treatment application 

significantly enhanced the vegetative characters like pseudostem height, pseudostem 

girth and number o f leaves Among the yield characteristics, bunch weight, number 

of fingers, average weight o f fingers, finger length and days to harvest showed 

significant difference Bunch weight was found to be highest m T n (12 8 kg) with 

53 4 % increase in yield over control (8 3 kg) The highest number of fingers was 

found m T9 while highest average weight of fingers, finger length was found m Tn 

Minimum days from plantmg to bunch emergence (186 days) was noticed in T 10 

whereas T n took minimum days from planting to harvest (271 days) as well as 

minimum bunch matunty period of 82 days

Characteristics o f fruits like titrable acidity, TSS, pulp to peel ratio, total 

sugars, reducing sugars, non-reducing sugar content, sugar / acid ratio, TSS / acid 

ratio, per cent loss m weight during opening and keeping quality o f the fruits at 

ambient conditions were also found to be influenced by treatments
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After harvest, the effect o f these treatments on soil nutrient availability was 

studied The results showed that soil organic carbon status and available nutrient 

status of N, P, K, Mg, Zn, B, Fe, B and Mo were found to be significant Similarly, 

leaf nutrient analysis at bunching and at the time o f harvest revealed that P, K, Ca, 

Mg, S, Zn, B, Fe, Mn, Mo and Cu content at one or both stages of observation 

showed significant difference among the treatments

The results o f both the hardening studies and field experiment indicated the 

beneficial effect o f micronutnent mixture on TC banana For hardening studies T9 - 

0 25 per cent and T 10 - 0 5 per cent given as 3 sprays were noticed better On mature 

plants T10 - 2 per cent and T n- 3 per cent both as 3 sprays were found promising 

Yield increase was noticed as 53 4 per cent over control with an enhancement o f 4 4 

kg in bunch weight The benefit cost ratio calculated on projection to one ha is 2 3 

with net returns of Rs 6, 94, 964 h a 1 in T n (3 % micronutnent mixture as 3 sprays) 

The quantity o f spray solution required for best treatment T n on projection to one ha 

is 56 litres, with an additional cost o f Rs 160 /  litre for the mixture plus Rs 600 / day 

as cost o f labour for application




