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INTRODUCTION 

Banana (Musa spp.), can be considered as the most popular fruit crop being 

commercially grown in many tropical and subtropical countries for its utilization 

as dessert and as staple food. It is a large monocotyledonous herb that originated 

in South East Asia. Being the fourth most important food after rice, wheat and 

maize products, it tolls up as a major fruit crop of India. In exports, it ranks fourth 

among all agricultural commodities. The crop having wide distribution in the 

country accounts for 27.01 million tonnes from an area of 0.765 million hectare 

contributing nearly 22.15 percent of the global production (FAO, 2012). 

 

Despite the fact that crop is grown in diverse agro climatic conditions of the 

country, its production is continuously being hampered by a range of diseases 

inflicting yield losses of staggering dimension both in quantity as well as quality 

aspects. Of the many fungal diseases occurring on banana, Sigatoka leaf spot 

incited by Mycosphaerella musicola R. Leach ex J.L. Mulder also called as 

yellow Sigatoka (Plate 1) is considered as a serious threat to world banana 

production (Mourichon and Fullerton, 1990; Selvarajan et al., 2000). When leaf 

spot become severe, it reduces the yield drastically. Burt et al. (1997) reported 

more than 50% of economic losses due to this disease across the world. The 

disease not only affects the banana leaves, but also bunch weight and fruit quality. 

Further Marin et al. (2003) opined that the disease induces significant reduction in 

yield, apart from premature ripening of fruits which can occur in the field and 

during transport and storage (Marin and Romero, 1992). Thus this disease has 

assumed serious dimension during recent days. 

 

Intensive farming practices that warrant high yield and quality require extensive 

use of chemical fertilizers and pesticides, which are not only costly but also 

pollute the environment and is against the interest of environment friendly, 

sustainable agricultural practices (Harish et al., 2008a). Due to imbalanced 

nutrition, the disease incidence and thus economic loss is increasing in India. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 1. Disease severity of yellow Sigatoka in Nendran  

 

 



 

 

Preventive management by balanced nutrition is least understood and 

curative management of diseases using costly fungicides is becoming a problem. 

Exclusive fungicide oriented disease control has resulted in residue accumulation 

which is harmful to environment and consumers. This has also resulted in new 

resistant land races of pathogens. 

 

Improved nutrition can boost the host defense mechanism which in turn 

results in disease reduction through direct inhibition of fungal activity. 

Micronutrient disorders of Zn, Mn, B, Cu and Fe are widespread in India 

(Anonymous, 1995) and correction of these disorders has resulted in resistance to 

diseases. Among the important nutrients required by the banana crop, only the 

NPK fertilizers are used on a large scale and the farmers have ample knowledge 

about their application. Quite often, the secondary and micronutrients remain 

neglected. Consequently, the banana crop succumbs to several diseases which in 

turn affect the yield of the crop adversely. The same scenario exists in Kerala also, 

where banana is a predominant crop and Sigatoka leaf spot is very severe disease 

especially during the rainy season (Suharban, 1977; Selvarajan et al., 2000). 

 

Integrated management of the disease is the only strategic, economical 

and environmental pollution free option. For achieving integrated management, 

we have to supplement secondary and micronutrients along with NPK for 

attaining the balanced nutrition. In addition, biocontrol agents are also applied as 

foliar sprays in addition to seed treatments for optimum control of the disease. 

While existing control measures are having many lacunae, biological control 

using Pseudomonas fluorescens in a system of integrated control measures can 

provide effective and sustainable management in order to avoid the consequences 

of exclusive and extensive use of chemicals. Recently, more emphasis has been 

laid on supplementing various nutrients with bio-protectants, which is better than 

either alone (Janisiewics and Bors, 1995; Kavino et al., 2008). Hence the field 

study “Integrated management of Sigatoka leaf spot disease of banana caused by 
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M. musicola R. Leach ex J.L. Mulder” was undertaken with the following 

objectives. 

1. To study the effect of new generation fungicides (both contact and 

systemic fungicides) on growth, incidence of Sigatoka leaf spot disease 

and yield of banana in coconut gardens. 

2. To investigate the effect of nutrients - both, secondary (Magnesium) and 

micronutrients (Zinc and Boron). 

3. To evaluate the efficacy of Pseudomonas fluorescens - (PGPR mix II) as a 

biocontrol agent. 
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2. REVIEW OF LITERATURE 

Sigatoka leaf spot is one of the serious fungal disease which is caused by 

two ascomycetous fungi viz., M. musicola that causes yellow Sigatoka disease and 

M. fijiensis Morlet causing black Sigatoka or black leaf streak disease. Both 

diseases destroy large proportion of leaf tissue resulting in drastic reduction of 

yield losses of about 30% (Mourichon et al., 1997). 

2.1 YELLOW SIGATOKA DISEASE 

Yellow  Sigatoka, caused by M. musicola, was first identified by the 

anamorph stage, originally named as Cercospora musae (Zimm.) Deighton in 

Java (Zimmermann, 1902). M. musicola was first reported from the Sigatoka 

Valley, Fiji in 1912 (Leach, 1941), where it caused an epidemic. Banana leaf spot 

caused by Cercospora musae associated with banana leaf spot in Madagascar 

(Bouriquet and Bataille, 1958). The disease was named as Sigatoka disease or 

simply Sigatoka, after an outbreak of the disease in the Sigatoka valley on the 

island of Viti Levu in Fiji in 1912 and the spread of Sigatoka disease around the 

world to all banana growing regions is well documented by Meredith (1970). 

The disease was then detected in banana plantations of Australia 1924 and 

in Surinam and Trinidad in 1934 and, by 1937; it had reached most parts of the 

Caribbean, Central America, Colombia and Venezuela. After a short time, the 

disease had spread to the neighbouring countries of Brazil (1944), Peru (1946) 

and Ecuador (1952). 

M. fijiensis has been reported from sites where M. musicola was formerly 

present, suggesting a gradual displacement of M. musicola to higher altitudes 

(inter-Andean valley populations). Therefore, the dynamics of population 

structure of both pathogens were in some way interdependent and most likely to 

be influenced by parameters common to both. 
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Sigatoka disease had been reported in most of the banana growing areas of 

the world, since 1962, making it one of the important epidemic plant diseases 

(Stover, 1980). Yellow Sigatoka has the widest distribution though black Sigatoka 

is rapidly replacing it in many tropical coastal regions (Carlier et al., 2000; Jones, 

2000). The disease caused by M. musicola known as Sigatoka disease and more 

recently as yellow Sigatoka to distinguish it from black Sigatoka. The causal 

organism may have arisen in South East Asia / Australian region (Jones, 2000). 

Hayden et al. (2003) examined the population differential in the Sigatoka 

pathogen (M. musicola) on global scale and observed that yellow Sigatoka disease 

originated in South East Asia from where it was disseminated between Africa, 

Latin America and Caribbean region. Hayden et al. (2003) concluded that 

intercontinental spread via airborne spores from Australia, as proposed by Stover 

(1962) is improbable and that instead gene flow between continents is likely to 

have occurred from movement of infected plant material. Mycosphaerella spp. 

that infect banana induce necrosis of leaf tissue leading to a reduction in the 

photosynthetic capacity of the plant and also cause physiological changes that 

contributes to premature ripening of the fruits (Marin et al., 2003). Hayden et al. 

(2005) reported that Sigatoka disease caused by M. musicola is endemic to 

Australia. 

Leach (1946) reported that number of hands, fingers as well as size of 

fingers was reduced and finger are not fully filled and the bunches remained small 

and stunted and the fruits became soft in bunch showing the tendency of 

premature ripening in Sigatoka affected plants. 

2.1.1 Incidence and Intensity of Sigatoka Disease 

With regard to economic impact of Sigatoka disease, heavy losses were met 

with in 1956 on account of banana leaf spot caused by C. musae (Anon. 1957). 

Between 1937 and 1941, production in Mexico was halved as a direct result of 

Sigatoka disease. In Honduras, production declined to less than one third of the 

pre - disease level (Meredith, 1970). Perfoura et al. (1993) reported 50 - 100 per 
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cent loss in banana production in Ghana due to Sigatoka disease. Economic losses 

of more than 50 per cent due to yellow Sigatoka were reported worldwide (Burt et 

al., 1997). 

With regard to Sigatoka disease status in India, Rangaswami and 

Kolandaiswamy (1962) reported the occurrence of Sigatoka disease caused by C. 

musae (Zimm.) in the Annamalai areas of Madras State. In India, Sigatoka disease 

was first reported from Assam in 1962 (Meredith, 1970). 

Suharban (1977) recorded the incidence of Sigatoka along with other leaf 

spot diseases in the banana orchard of Instructional Farm of College of 

Agriculture, Vellayani in Thiruvananthapuram district. 

A severe incidence of the disease was recorded from Gujarat during 1976 to 

1982, causing drying and defoliation of leaves and premature ripening of fruits in 

bunches (Vala, 1996). A preliminary survey conducted in peninsular India 

confirmed the occurrence of yellow Sigatoka in addition to black Sigatoka 

(Selvarajan et al., 2000). The recorded disease severity indices are 14.4 and 49.64 

in Nendran and Robusta cultivars respectively for black Sigatoka, in Thrissur 

district. 

The leaf spot diseases are particularly threatening in tropical areas where 

banana is a staple food (Crous et al., 2002). 

In an experiment on estimation of yield loss due to Sigatoka disease caused 

by M.musicola, plants in the control plot which did not receive any chemical 

spray, recorded the maximum Percentage Disease Index (PDI) of 41.38 per cent 

(Thammaiah et al., 2005) 

Sahlen and Soemargono (2011) reported that severity level of black 

Sigatoka increased from 15 per cent to 62.31 per cent in Northern Sumatra. 
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2.1.2 Symptomatology and Disease Development 

Various accounts of symptoms of Sigatoka were given previously by 

Campbell (1926), Simmonds (1933), Wardlaw (1939), Leach (1941,1946) and 

Brun (1958) in which they described the presence of a profusion of small discrete 

spots on the lamina of older leaves with areas of scorched or brown leaf tissues 

where spots were closely grouped together. It was particularly noticed that the two 

youngest leaves or heart leaf of an actively growing plant were usually free from 

evident spotting and also from minute specks. 

Warldlaw (1941) observed that elliptic spots usually appear on the fourth to 

sixth leaf. On lower leaves of younger plants, larger and broader spots are formed. 

Symptom development from specks through streaks to spot has been 

developed in to six stages (Leach, 1946; Klein, 1960; Brun, 1963; Stover, 1972) 

have compared these stages. 

2.1.3 Etiology 

M. musicola, one of the most severe fungal pathogens of plantain and 

banana, is the major cause of economic losses in commercial plantations and in 

numerous smallholdings. 

The Sigatoka leaf spot disease is caused by the ascomycetes fungus M. 

musicola R. Leach ex J.L. Mulder and is present in all continents (Jones, 2003). 

The morphological characters of anamorph stage of the three species of 

Mycosphaerella is reported by Crous and Mourichon (2002) and Churchill (2011). 

The anamorph of M. musicola, Pseudocercospora musae, lacks the 

thickened cell walls and the condiophores produce dense fascicles (sporodochia) 

on a dark brown or black stroma (Stover, 1972). 
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Stover and Fulton (1966) reported that ascospores of M. musicola from the 

air are deposited mostly on the lower surface of the apical third of the furled heart 

leaf, resulting in infection streaks along the margin of the leaf lamina. 

The disease cycle begins with spore germination i.e., when conidia or 

ascospores germinate on leaf surface. Germination is highly dependent on 

moisture and temperature; stomatal penetration by germ tubes which occurs when 

temperatures are above 20
°
C for 2 - 3 days and moisture is at near 100% relative 

humidity. Both the conidia and ascospores play roles in the spread of the disease 

and cause successful infection and a perfect correlation found in between the 

incidence with humidity (Stover, 1980).  After germination, both species undergo 

a period of epiphytic growth. In M. musicola, this is 2 - 3 days for ascospore germ 

tubes (Brun, 1963) and 4 - 6 days for conidial germ tubes (Jones, 2000). 

Subsequently, the germ tube produces an appressorium over a stomatal pore 

through which the fungus directs a fine, infection hypha. Once in the palisade 

layer, the hypha proliferates, growing into the air chambers between the veins 

(Stahel, 1937). At this stage, the first symptoms become apparent as small yellow 

specks (M. musicola) or red-brown specks (M. fijiensis). The transition period is 

the time taken for symptom development from streaks to spots. Brun (1963) 

observed lengthening transition periods for M. musicola when temperatures 

decreased. Shorter transition periods were observed for both M. musicola (Leach, 

1946) and M. fijiensis (Four´e, 1987) when inoculum levels increased. 

Conidia of M. musicola are produced within a sporodochium at the first 

brown spot, stage 4 of the disease cycle (Brun, 1958). Sporodochia are produced 

on both leaf surfaces within the substomatal air chambers, and the conidiophores 

grow out through the stomatal pore. Conidial production in M. musicola can occur 

over a wide range of temperatures, provided water is present as dew or rainwater 

(Stahel, 1937). Perithecium production is strongly linked to „wet season‟ 

conditions of high rainfall and temperatures greater than 21° C, and is thus only 

observed for short periods of the year (Stover, 1968). Spermagonia and perithecia 
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of M. musicola are produced in the final disease stages, when mature lesions start 

to coalesce and leaf tissue dries out. The production of both spore types is 

dependent upon moisture and temperature. 

2.2 INFLUENCE OF WEATHER PARAMETERS ON SIGATOKA DISEASE 

OF BANANA CAUSED BY Mycosphaerella musicola 

Climatic differences between different areas can also significantly affect 

symptom expression of the Sigatoka diseases (Vakili, 1968; Shephered, 1990). 

Plant diseases are one of the important factors which have direct impact on 

global agricultural productivity and climate change - the biggest threat will further 

aggravate the situation. Local weather conditions such as rain, temperature, 

sunshine and wind in combination with locally adapted plant varieties, cropping 

systems and soil conditions can maximize food production as long as plant 

diseases can be controlled. Increase in temperature with sufficient soil moisture 

may increase evapotranspiration resulting in humid microclimate in crops and 

may lead to incidence of diseases favored under these conditions (Mcelrone et al., 

2005). 

The speed of development of fungus is closely related to temperature 

(Ganry, 1973, 1975). 

Stover (1968) reported that the production of perithecia and sporodochia of 

M. musicola in Honduras was maximum in July - October and declining in 

November – December regardless of rainfall, after the temperature dropped below 

21°C. Extent of perithecia formation was found to increase two to three weeks 

after a wet spell lasting atleast two days and were found to be more abundant in 

mass spotted leaf tissue than in scattered spots. They were more frequent on the 

upper surface of single spots and there was no consistent difference in ascospore 

discharge from upper and lower surfaces of mass infected leaves. When the leaves 

were thoroughly wetted, ascospore discharge commenced in 10 minutes, 85 per 

cent being discharged in two hour. 
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The release of M. musicola conidia from the sporodochia requires the 

presence of water as rain or dew or may be achieved by buffeting in high winds 

(Leach, 1946). 

M. musicola and M. fijiensis differ in their requirements for moisture during 

germination: M. musicola requires a film of free water for conidial germination 

(Leach, 1946; Stahel, 1937) and 95% relative humidity for ascospore germination 

(Brun, 1963). Conidia are produced continuously throughout the rainy season and 

disseminated through a film of free water, resulting from either rain water or dew 

dripping on the nearby healthy leaves which aid to faster spread of pathogen 

(Simmonds, 1966). Conidia are water dispersed, washed downwards to infect 

younger plants underneath, or splash-dispersed onto younger leaves above (Stover 

and Fulton, 1966). 

Stover (1968) correlated perithecium formation with seasonal rainfall and 

minimum temperature, declining from December or January to low levels in 

March and April. 

Both species require rain or free water for the ejection of ascospores from 

perithecia (Stover, 1980). Conidia of M. fijiensis have also been detected in 

airspora (Burt et al., 1997). Ascospores are wind disseminated and can be carried 

upwards on air currents to younger leaves or dispersed over long distances by 

laterally moving air currents (Leach, 1946; Brun, 1963; Four´e, 1987). 

Further, Elangovan et al. (1990) reported severe incidence of Sigatoka 

disease in high rainfall areas of Tamil Nadu. These findings were in agreement 

with Jacome et al. (1991) who stated that conidia become more important and 

only means of disease spread during dry periods. Also due to existence of less 

conducive climatic conditions the disease development could have been delayed 

by such dry conditions. 
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In case of both yellow Sigatoka and black Sigatoka, the critical weather 

factors determining severity are RH and temperature (Wardlaw, 1961; Foure, 

1994). 

According to Stover (1980), infection was enhanced at temperature above 

20°C while dry weather and temperature below 20°C slowed less disease 

development (Jacome and Schuh, 1992). 

2.3 EFFECT OF FUNGICIDES ON SIGATOKA LEAF SPOT DISEASE, 

BIOCHEMICAL AND YIELD PARAMETERS 

Chemical control of the Sigatoka leaf spots has evolved considerably since 

the mid 1930‟s. Bordeaux mixture, the first effective fungicide, had to be applied 

as a high volume spray and large pipeline systems were installed at great expense 

to deliver the chemical in plantations. Later, petroleum oil applied as a low 

volume spray from aircraft proved effective and costs were reduced, especially 

when combined with forecasting systems. Protectant fungicides, such as 

dithiocarbomates, and systemic fungicides, such as benomyl, improved the 

standard of control. However, control measures, which included labour intensive 

cultural practices, such as pruning old diseased leaves, were an expense that was 

borne by growers. In 1990 in Queensland, where Sigatoka disease is still the 

dominant leaf spot disease, control measures were estimated as 14 % of total 

production costs. 

Pont (1958) applied copper oxychloride under high pressure at high volume 

as a protectant against C. musae (M. musicola) and the same with wettable 

sulphur were found to be equally efficient. Moreover copper fungicides were 

found to be generally better than organic fungicides. Regular spraying of the heart 

leaves, especially during late summer and autumn months with about four week‟s 

interval between each application brought the disease under control. 
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Calpouzos et al., (1959) studied the action of oil in the control of M. 

musicola on banana leaves and a complete control achieved by chemicals 

containing up to 10-25% aromatic compounds. 

Klein (1961) applied Dithane M 22, Tribasic copper sulphate, Microgel, 

COCS, Texaco 522, and ESSO oil from air and Bordeaux mixture from the 

ground, timing of application being based on streak counts of M. musicola. He 

also observed control of Cercospora leaf spot of banana with oil sprays based on 

the disease cycle. 

Rhodes (1961) reported control of Cercospora leaf spot of banana with oil 

sprays based on the disease cycle. 

Calpouzos et al., (1961) found the relation of petroleum oil composition to 

phytotoxicity and control of Sigatoka disease on banana leaves. 

Tollenaar (1961) studied the efficacy of copper and oil in the control of 

Sigatoka banana leaf spot and found that the use of oil had a negative effect on 

growth, production, fruit weight and production of new suckers. 

Kranz (1966) conducted field tests to control Sigatoka disease of banana. 

Low volume sprays of copper oxychloride, copper oxide, maneb, zineb and 

thiram- ziram urbacide in water were found to be inadequate against the disease 

while fentin acetate, though nearly as effective as mineral oil proved to be 

phytotoxic. Mineral oil (alone or as 40:50 emulsion with water) gave complete 

protection when sprayed at 10 day intervals. The same effect was achieved by 

spraying with a 50 per cent solution of copper oxychloride at a concentration of 

30 g l
-1

 of oil (or 40:50 oil water emulsion) at 15 day intervals, with a reduction in 

labour and quantity of oil. By applying the treatment at an appropriate stage of 

symptom development, the number of sprays needed per year could be reduced. 

Vonprahil (1967) reported that antracol gave results as good as those with 

Maneb against infection of M. musicola. In trials with oil sprays against 
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ascospore, antracol was found to be better than other products tested and was less 

phytotoxic. No sticker was necessary in the antracol:oil mixtures and the 

fungicidal film withstood several days of heavy rain. 

Brodrick and Kuhne (1971) reported that Sigatoka in banana could be 

profitably controlled. Effective control of M. musicola and 7.1 per cent increase in 

banana yields were obtained with semi - concentrated sprays of Mancozeb and 

effectiveness was maintained 4 months after each application. 

Melin and Tezenasdumontcel (1975) gave results of aerial application of 

different fungicides against Cercospora disease of banana. In field trials, derosal, 

folcidine and bavistin at 150 g a.i ha 
-1

 and tecto flow at 200 g ha 
-1

 were found to 

give satisfactory control of M.musicola. 

Melin et al., (1976) worked on the comparative action of Imazalil with other 

fungicides on Cercospora infection of banana in Cameroon. In aerial spraying, 

Imazalil at 300 g a.i. ha 
-1

 in 10 litre oil gave good control. The product was 

suggested to be a good replacement for benzimidazoles in the event of 

development of resistant strains of the fungus or to prevent this contingency. 

The first triazole fungicide, propiconazole (Tilt), was introduced for use on 

banana in 1984. It had high post- infection activity and this new fungicide allowed 

producers to reduce the number of applications in a plantation from as many as 45 

to fewer than 20 applications per year. Propiconazole and other sterol 

demethylation inhibitors (DMIs) now comprise the largest group of systemic 

fungicides that are used on banana. 

West (1983) reported that propiconazole (Tilt) gave good control of leaf 

spot caused by M.musicola. Eswaramurthy et al., (1988) reported that application 

of carbendazim and aureofungin had brought about the reduction of banana wilt 

and Sigatoka leaf spot in banana. 
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Beginning in the late 1950‟s petroleum oils began to be used in Sigatoka 

control programs. Oils also assist the penetration of the leaf by systemic 

fungicides, reduce conidium germination, germ tube growth and appressorium 

formation, and increase the pathogen‟s incubation period. Finally, they retard the 

growth and development of the pathogen within the host leaf. The introduction of 

benomyl and subsequent systemic heralded a new era of Sigatoka control (Stover, 

1990). Unlike the protectants, systemic inhibited the development of symptoms 

after they first appeared. 

Despite the large number of triazoles that have been tested against black 

Sigatoka [e.g., bitertanol (Baycor), cyproconazole (Alto), difenoconazole (Score), 

flusilazole (Punch), hexaconazole (Anvil), metconazole (Caramba), and 

tebuconazole (Folicur)], propiconazole remains the most frequently used 

fungicide of this group (Romero and Sutton, 1997). 

Chemical control with fungicides such as triazoles, benzimidazoles and 

strobilurines can be very efficient at suppressing the development of these 

diseases, especially with the use of aerial application and forecasting strategies 

(Ganry et al., 2008). 

Chemical control by spraying fungicides on a preventive or curative basis is 

the only acceptable strategy adopted in the management of this disease (Duvert et 

al., 2002). 

Continuous use of the systemic fungicides is reported to increase the risk of 

development of resistance to these fungicides in both Mycosphaerella musicola 

and Mycosphaerella fijiensis (Mourichon et al., 1997 and Duvert et al., 2002). 

The toxicant produced by application of systemic fungicides inhibit protein 

synthesis by binding to the larger ribosomal subunits including change in the 

enzyme system, ceasing ATP and NADP formation (Siddiqui, 1997) leading to 

decreased disease incidence with increase in yield. 
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Ramsey et al. (1987) reported the efficacy of propiconazole 50 g a.i ha 
-1

 

for controlling the premature ripening of banana due to Sigatoka, the bunch 

weight was increased compared with untreated plants. 

Management practices like the use of resistant cultivars, cultural methods 

and quarantine methods have been recommended to control Sigatoka leaf spot 

disease in banana, but the most reliable tool has been the use of chemical 

products, mainly site-specific fungicides (Jones, 2000; Gasparotto et al., 2006). 

In Karnataka at Munavalli and Ramadurga two sprays of propiconazole 

0.05% effectively contolled the disease and recorded the lowest percent disease 

index (Tammaiah et al., 2008). 

Patel (2009) concluded that propiconazole, hexaconazole, tridemorph and 

carbendazim remained significantly at par with each other and recorded least leaf 

spots followed by tebuconazole and companion (combination of mancozeb and 

carbendazim). 

2.4 EFFECT OF SECONDARY AND MICRO NUTRIENTS ON SIGATOKA 

LEAF SPOT, PHYSIOLOGY AND BIOMETRIC PARAMETERS 

 

According to Huber (1980), plant nutrition has a big effect on the plant's 

susceptibility to disease and helps to mobilize disease resistance. Micronutrients 

play an important role in plant metabolism by affecting the phenolics and lignin 

content and also membrane stability (Graham and Webb, 1991). The effect of 

micronutrients on reducing the severity of diseases can be attributed to the 

involvement in physiology and biochemistry of the plant (Marschner, 1995) and 

influencing the disease resistance indirectly. 

It is important to manage nutrient availability through fertilizers or change 

the soil environment to influence nutrient availability, and in that way to control 

plant disease in an integrated pest management system (Graham and Webb, 1991; 

Huber and Graham, 1999). 
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Nutrients can affect disease resistance or tolerance. Disease resistance of the 

host is its ability to limit the penetration, development and reproduction of the 

invading pathogens (Graham and Webb, 1991). On the other hand, tolerance of 

the host is measured in terms of its ability to maintain its own growth or yield in 

spite of the infection. Nutrients are important for growth and development of 

plants and also microorganisms and they are important factors in disease control 

(Agrios, 2005). 

The micronutrients (Fe, Mn, Zn, Cu, B, Mo and Cl) are essential but the 

plant requires them in minute amounts (Fritz, 1985). 

Banana is always referred to as a gross feeder and requires large amounts of 

nitrogen and potassium followed by phosphorus, calcium and magnesium to 

maintain high yields (Robinson, 1996; Abdullah et al., 1999). 

The micronutrients boron, copper, iron, manganese, molybdenum and zinc 

act as activators of many plant functions and major functions of micronutrients in 

banana are listed below. Boron is necessary for translocation and promotes fruit 

maturity. Copper catalyzes several plant processes like photosynthesis, 

development of reproductive stage, indirect role in chlorophyll production, 

increases sugar content, intensifies color and improves flavor of the fruits on 

ripening. Iron promotes formation of chlorophyll pigments, acts as an oxygen 

carrier and reactions involving cell division and growth. Zinc aids in regulating 

plant growth hormones and enzyme system, necessary for chlorophyll production, 

carbohydrate and starch formation. Manganese functions as a part of certain 

enzyme systems and aids in chlorophyll synthesis. Molybdenum required to form 

the enzyme “nitrate reductase” which reduces nitrates to ammonium and needed 

for converting inorganic phosphates to organic forms in plants. 

Micronutrients have considerable influence on resistance or tolerance 

mechanisms to pathogens in plants (Krauss, 1999). The use of fertilizers produces 

a more direct means of using nutrients to reduce the severity of many diseases and 
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together with cultural practices can affect the control of diseases (Atkinson and 

McKinlay, 1997; Obron et al., 2003). 

Plants are deficient when some of these essential nutrients are not supplied 

or undersupplied while oversupply results in toxicity problems (Stevens et al., 

2002). The location of nutrient deficiency symptoms depends on the mobility of 

the nutrient. Therefore some macronutrients (N, P, K, Mg) become deficient in the 

older leaves while other elements (Ca, Zn, B, Mn) become deficient in new leaves 

when supply is insufficient (Mengel, 2002). Different soil conditions influence 

availability such as pH, texture, moisture, temperature, as well as mineral 

solubility, and soil microbial activity. 

Plants with balanced fertilization are less susceptible to diseases while 

plants with unbalanced fertilization become more susceptible to diseases (Henn, 

2004). 

Stresses associated with mineral deficiencies, water supply (excess or 

shortage) and heavy defoliation have a very clear impact on fruit growth rate 

(Chillet et al., 2006). 

Nutrients are involved in different processes like enzyme activation, and 

metabolic regulation but also in structural components (Moreno et al., 2003; 

Daurob and Snyder, 2007). 

2.4.2.1 Boron (B) 

B deficient plants are more susceptible to powdery mildew and the fungus 

also spreads more rapidly over the plant. It was also observed that in B- deficient 

wheat plants, the disease severity was several fold higher than that in B- sufficient 

plants, with the fungus spreading more rapidly than in B-sufficient plants 

(Schutte, 1967). 

Boron deficiency is the most widespread micronutrient deficiency in the 

world (Brown et al., 2002). 
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It is a structural component because it promotes the stability and rigidity of 

the cell wall. B is involved in the lignin synthesis, cell wall crosslinking of pectin 

polymers (Romheld and Marschner, 1991; Blevins and Lukaszewski, 1994; 

Brown et al., 2002; García-Hernández and Cassab-López, 2005) and the integrity 

of the plasma membrane (Brown et al., 2002; Dordas and Brown, 2005). 

Boron reduces diseases caused by Plasmodiophora brassicae in crucifers, 

Fusarium solani in bean, Verticillium albo-atrum in tomato and cotton, tobacco 

mosaic virus in bean, tomato yellow leaf curl virus in tomato, G.graminis (Sacc.) 

(Graham and Webb, 1991) and Blumeria graminis in wheat (Marschner, 1995). 

Nutrients can affect the physiology and biochemistry and especially the 

integrity of the cell walls, membrane leakage and the chemical composition of the 

host, e.g., the concentration of phenolics can be affected by B deficiency. The role 

of Boron in reducing the severity of many diseases because of the function that B 

has on cell wall structure, cell membrane permeability and its role in metabolism 

of phenolics or lignin (Blevins and Lukaszewski, 1998; Brown et al., 2002). 

Boric acid (1% - 5%) was shown to be a good inhibitor of ascospore 

germination under in vitro conditions and a potential alternative for benlate. 

Similar results were found under field conditions against ascospore germination of 

the pathogen Eutypa lata which causes the dieback disease of grapevines 

(Rolshausen and Gubler, 2005). 

Boron has role in lignification and as a structural component it seems that it 

is involved in forming a barrier against pathogen invasion, though a profound 

understanding of the physiological and biochemical mechanisms in plant defense 

are still lacking (Stangoulis et al., 2007). 

2.4.2.2  Zinc (Zn) 

The micronutrients influence disease resistance indirectly, as nutrient 

deficient plants not only exhibit an impaired defense response, but often may also 

become more suitable host plant for feeding as many metabolites such as reducing 
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sugars and amino acids leak outside the plant cell. For example, plants suffering 

from a Zn deficiency showed increased disease severity after infection by Oidium 

spp. (Bolle- Jones and Hilton, 1956). 

Zinc is essential for carbohydrate formation and an enzyme activator 

involved in protein, hormone, RNA and DNA synthesis and growth regulation 

(Marschner, 1995; Graham and McDonald, 2001). 

Leakage of sugars onto the surface of leaves increases the severity of 

infections of powdery mildew. Up to an extend, Zn applications can reduce the 

severity of such pathogens. In most cases, the application of Zn reduced disease 

severity, which could be because of the toxic effect on the pathogen directly and 

not through metabolic changes. Wheat plants receiving Zn via soil applications 

exhibited a reduced infection by Fusarium graminearum and root-rot diseases 

caused by Gaeumannomyces graminis (Graham and Webb, 1991). 

Numerous reports confirmed the role of Zn in relation to plant diseases. In 

wheat high concentrations of Zn decreased Rhizoctonia root rot (Thongbai et al., 

1993). 

Zn plays an important role in protein and starch synthesis, and therefore a 

low zinc concentration induces accumulation of amino acids and reducing sugars 

in plant tissue (Marschner, 1995). 

Application of Zn to the soil reduced infections by F. graminearum and root 

rot diseases, e.g., caused by G.graminis (Sacc.) in wheat (Graham and Webb 

1991; Grewal et al., 1996). 

In upland rice, the occurrence of panicle blast (Pyricularia grisea) was 

inversely related to the Zn content in the plant (Filippi and Prabhu, 1998). The Zn 

content is inversely associated with citrus blight also (Tucker et al., 1984; Derrick 

and Timmer, 2000). 
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As an activator of Cu/Zn-SOD, Zn protects the cell membrane against 

oxidative damage through the detoxification of superoxide radicals (Cakmak, 

2000; Mengel and Kirkby, 2000). The application of Zn (4 kg ha
-1

) or Mo (0.1 kg 

ha
-1

) increased the biomass production, LAI, CGR and yield attributes helped to 

maintain higher LAI towards the later stages of groundnut. 

In Medicago truncatula, Zn did not directly inhibit R. solani but stimulated 

root development partly offsetting fungal damage (Streeter et al., 2001). However, 

in the same crop and in rotation with pasture, Zn reduced two other diseases: root 

rot disease and common leaf spot disease caused by P. megasperma f. sp. 

medicaginis, and Pseudopeziza medicaginis respectively (Grewal, 2001). 

High Zn concentrations in the soil affect the growth and metabolism of 

beneficial microorganisms, with consequences on plant health and biological 

control (Knight et al., 1997; Moffet et al., 2003). 

Macrophomina phaseolina, Fusarium solani and Rhizoctonia solani in 

tomato were reduced by increasing Zn concentrations in the soil (Siddiqui et al., 

2002). 

Zn sulphate was effective in reducing potato late blight caused by 

Phytophthora infestans and Phytophthora root rot of avocado (Baider and Cohen, 

2003). 

2.4.2.3 Magnesium (Mg) 

Its role in plant resistance remains unclear and there are some reports 

linking it to plant diseases caused by P. brassicae in crucifers (Myers and 

Campbell, 1985). 

In wheat, Mg deficiency predisposes it to the take-all disease caused by G. 

graminis (Huber, 1989). 

Magnesium is essential for chlorophyll and enzyme activation for 

photosynthesis (Shaul, 2002). 
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2.4.2.4  Manganese (Mn) 

Manganese containing superoxide dismutase catalyzes  the disproportion of 

superoxide free radicals (O2
-
) termed in many biologic oxidations during disease 

incidence and appears to play a vital role in protecting cells against deleterious 

effects of this radical (Fridovich, 1974). 

Manganese appears to be involved in at least two steps in the biosynthetic 

pathways leading to lignin, its deficiency can increase susceptibility to pathogen 

invasion (Graham, 1983). 

Wheat plants in Mn deficient soils were more susceptible to G. graminis 

(causal organism of take-all disease) and Mn sulphate reversed that situation by 

detoxifying the saprophytic survival of the fungus (Brennan, 1992). 

Rengel et al. (1994) reported that Mn fertilization does not significantly 

influence the rate of phenolics and lignin accumulation but reduced depth of radial 

penetration by hyphae of Gaemannomyces graminis var. tritici in wheat. 

A significant reduction in common scab development an increase in tuber 

yield was achieved in potato following soil application of MnSO4 (Keinath and 

Loria, 1996). 

Bag and Sinha (1997) reported that MnSO4 had inhibitory effects on 

Sclerotium rolfsii disease by increasing total phenols and peroxidase activity. 

Manganese controls lignin and suberin biosynthesis (Vidhyasekaran, 1997; 

Ehara et al., 2000). Both the lignin and suberin are important biochemical barriers 

to fungal pathogen invasion (Kolattukudy et al., 1994; Biggs and Rioux, 1994; 

Hammerschmidt and Nicholson, 2000; Viddhyasekaran, 2004), since they are 

phenolic polymers resistant to enzymatic degradation (Agrios, 2005). 

Mn provides resistance against powdery mildew and take-all disease 

(Krauss, 1999). 
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Manganese is involved in enzyme activation, in chlorophyll formation, 

redox processes, and RNA and DNA synthesis. It is involved as a co-factor in 

many reactions (Porro, 2002). 

Infection of cowpea by Rhizoctonia solani and R.bataticola was reduced 

after applications of Manganese sulphate. This was associated with increased 

polyphenol oxidase, peroxidase and total phenols (Kalim et al., 2003). Manganese 

effectively reduced disease severity in case of take all patch disease on creeping 

bent grass (Heckman et al., 2003). 

Manganese soil applications reduce Fusarium spp. infections in cotton and 

Sclerotinia sclerotiorum in squash (Graham and Webb, 1991; Agrios, 2005). 

2.4.2.5 Iron 

 

Patel et al., (1993) also found increase in leaf chlorophyll content of 

groundnut with one per cent ferrous sulphate and two per cent ferric citrate. 

 

Application of FeSO4 showed a significant increase in seed yield in soybean 

(Bhanavase et al., 1994). 

On calcareous soils of western Rajasthan, Kumawat et al (2006) noted that 

soil application of 25 kg FeSO4  ha
-1

 significantly increased iron concentration in 

green leaves of mung bean as compared to control, further N,P,K and S uptake by 

grain and straw also increased compared to control. 

Sahu et al (2008) reported that application of  FeSO4 @ 2 kg ha
-1

 along with 

biofertilizer inoculation gave the highest grain yield (1473 kg ha
-1

) and straw yield 

(1423 kg ha
-1

) as compared to control in chickpea. 
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2.4.2.6  Copper (Cu) 

Copper is involved in chlorophyll synthesis. This metal is a component of 

plastocyanin, peroxidases, multi Cu-protein and several oxidases (Sandmann and 

Boger, 1980). 

Cu is involved in the lignin biosynthesis of the cell walls (Marschner, 1995). 

Harker et al., (1990) reported that CuCl2 was an abiotic elicitor in the 

induction of chalcone synthetase, an enzyme necessary for the biosynthesis of 

different flavonoids, involved in plant disease resistance. 

Physiological processes influencing disease resistance or susceptibility are 

not well understood but Cu is a regulator of various enzyme systems linked to 

plant defence and the production of antimicrobial compounds (Graham and 

Grahan, 1991; Lebeda et al., 2001). 

Many common diseases and disorders are associated with Cu. Copper amine 

oxidase was essential in the signaling molecules of H2O2 (hydrogen peroxide) 

production in wound tissue of chickpea cv. Sultano infected by Ascochyta rabiei 

(Rea et al., 2002). 

Excess Cu causes inhibition of plant growth and problems in cellular 

processes like electron transport (Yruela, 2005). 

Leaf rust (Puccinia triticina sp. tritica), tan spot (Pyrenophora tritica-

repentis), and Fusarium head blight (F. graminearum) incidence and disease 

severity in wheat were reduced with Cu treatments (Franzen et al., 2008). 

2.4.4 Combined Effect of Secondary and Micro Nutrients in Disease 

Management, Physiological Response and Biometric Parameters 

Chandel et al., (1989) reported that the application of micronutrients 

increased the number of branches in soybean. 
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Zn applications and P. fluorescens together contributed to controlling 

Fusarium crown in wheat and tomatoes. A similar positive influence of Zn 

content in the soil and P. fluorescens 2-79 improved in wheat the biocontrol 

against G. graminis var. tritici (Thongbai et al., 1993; Duffy and Defago, 1997; 

Ownley et al., 2003). 

Shoot dry weight of groundnut increased with combined application of iron, 

zinc and manganese in the sulphate form (Moussa et al., 1996). 

Soil amendments with Zn reduced the severity of maize smut, caused by 

Ustilago maydis, by over 10% and, in combination with N fertilizers, induced 

severity by over 20% (Kostandi et al., 1997). 

Systemic acquired resistance (SAR) may be involved in the suppression of 

plant disease by micronutrients. Reduction in disease severity has been reported in 

other crops after a single foliar application of H3BO3, CuSO4, MnCl2 or KMnO4, 

which provided systemic protection against powdery mildew in cucumber plants. 

The application of nutrients such as Mn, Cu and B can exchange and therefore 

release Ca
2+

 cations from cell walls, which interact with salicylic acid and activate 

systemic acquired resistance mechanisms (Reuveni et al., 1997a, Reuveni and 

Reuveni, 1998). 

The concentration of Zn and Cu were high in resistant cultivars as compared 

to susceptible ones. Similarly, Filippi and Prabhu (1998) noticed the low panicle 

blast severities of improved cultivars of rice were associated with high K and Zn 

and low N, P and Mg tissue concentrations. 

The application of B, Mn and Zn separately increased the resistance of 

plants by providing systemic protection to tan spot (Dordas and Simoglou, 2006). 
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2.5 EFFECT OF PGPR ON DISEASE MANAGEMENT, PHYSIOLOGY AND 

BIOMETRIC PARAMETERS 

An uninterrupted growth in terms of height and girth is an important 

character, which helps to judge the plant vigor (Simmonds, 1966). 

The accumulation of phenolic compounds may be due to excess production 

of H2O2 in infected plants through increased respiration or due to the activation of 

the hexose- monophosphate shunt pathway, acetate pathway and release of bound 

phenolic compounds by hydrolytic enzymes (Goodman et al., 1967). 

Pseudomonas flourescens are the most effective rhizosphere bacteria, 

because in addition to disease control, they exert beneficial effect on plant growth 

promotion (Kloepper et al., 1980). 

Banana roots are adventitious and proliferate horizontally in the topsoil and 

they cannot acquire nutrients and water from the deeper soil profile like other fruit 

crops. This undeveloped root system limits the large-scale production of bananas 

under adverse tropical conditions, where the root systems are crucial for plant 

support, nutrient and water acquisition and production of plant growth regulators 

by rhizobacteria (de Langhe et al., 1983; Stover and Simmonds, 1987; Kapulnik, 

1991; Price, 1995). 

Biofertilizers, microbial inoculants that can promote plant growth and 

productivity is internationally accepted as an alternative source of N-fertilizer. It 

is environmental friendly and can be used to ensure a sustainable banana 

production. Nitrogen fixation and growth promotion by plant growth promoting 

bacteria are important criteria for an effective biofertilizer. Inoculation of 

associative and freeliving nitrogen fixing bacteria have been shown to produce 

beneficial effects on plant growth, thus they are termed as PGPR (Kloepper et al., 

1980; Bashan and Holguin, 1998). 
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P. cepaciae isolated from conidia of Bipolaris maydis obtained from 

infected corn leaves successfully controlled foliar diseases like Cercospora leaf 

spot of peanut and Alternaria leaf spot of tobacco (Blakeman and Fokkema, 

1982). 

In a banana bunch, the number of hands is an important yield component 

and is normally decided at the time of fruit bud initiation and differentiation 

which is generally influenced by better nutrition (Obeifuna, 1984). 

Maintaining the physiological characters at a higher level is essential to 

increase biomass and banana yield. Higher chlorophyll content observed and it 

could be related to higher activities of iron containing enzymes such as catalase 

and peroxidase which are enhanced during the application of PGPR. The role of 

these enzymes in chlorophyll synthesis was an established factor (Singh, 1988). 

Pseudomonas sp. and Burkholderia sp. Showed strong antifungal activity to 

plant pathogens including R. solani and this ability was correlated with the 

production of pyrrolnitrin by the bacteria (Hammer et al., 1997). 

Plants may also be exposed to elevated mineral concentrations applied to 

improve the beneficial activity of biological control strains of P.  fluorescens 

(Duffy and Defago, 1997). 

Significant increases in crop yields following application of PGPR have 

been documented under diverse field conditions (Bashan, 1998). 

The plant growth promoting effects of PGPR are mainly derived from 

morphological and physiological changes in roots of inoculated plant (Okon et al., 

1988; Sarig et al., 1988). The inoculation process could stimulate the root growth 

in bananas occurred almost in all dimensions namely production of primary and 

secondary roots, longer roots (42 %) and greater volume (48 %) and mass (43 %). 

Inoculation stimulated the reproductive growth as shown by early flowering (3 

weeks) and increased bunch yield (51%). The earliness of flowering is attributed 
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to early development of plants with efficient nutrient and water uptake. The study 

reflected an additional 3 weeks saving in the maturation period of bananas. This 

indicated that PGPR stimulated plants for early reproductive development through 

enhanced nutrient uptake. 

Similar results have been also demonstrated by Tiwary et al., (1998), who 

inoculated of banana suckers with Azospirillum twice (sucker + soil inoculation). 

The result showed that there was an increase in plant height, leaf size in plants 

receiving 50% dose of nitrogen. Azospirillum inoculated plants produced higher 

number of hands/ bunch, compensated 50% of the recommended dose of nitrogen 

and the number of hands/bunch obtained was at par with double inoculation. 

Inoculation with Azospirillum produced maximum yield of banana (69.15 t ha
-1

). 

Biofertilizers containing beneficial microorganisms are known to improve 

plant growth in many ways when compared to synthetic fertilizers by enhancing 

plant nutrient availability and thus help to sustain the eco-friendly environment 

and soil productivity (O‟Connell, 1992). 

In the past 40 years, greenhouse and field inoculation studies with PGPR 

have shown that these rhizobacteria are able to promote yield of agriculturally 

important crops grown under different soil and climatic conditions (Okon and 

Labandera- Gonzales, 1994). 

To fulfill the plant demand for nutritional attributes it is essential to apply 

those elements in the soil, which mostly comes from inorganic sources. The 

increased use of chemical fertilizers is undesirable. Biofertilizers and biocontrol 

agents containing beneficial microorganisms are known to improve plant growth 

in many ways when compared to synthetic fertilizers by enhancing plant nutrient 

availability and thus help to sustain the ecofriendly environment and soil 

productivity apart from induction of disease resistance. 
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The PGPR is a group of rhizosphere colonizing bacteria, which produce 

substances that increase the growth of plants and/or protect them against 

pathogens (Glick, 1995; Harish et al., 2009a). 

Rabindran and Vidhyasekaran (1996) assessed the effective dose of a peat 

based formulation of P. fluorescens for seed, root, soil and foliar application. 

Plant growth- promoting rhizobacteria (PGPR) are the major root colonizers 

and most of the effective colonizers are from species of Pseudomonas, Bacillus, 

Serratia etc. The strains of P. fluorescens are known to survive both in 

rhizosphere and phyllosphere (Krishnamurthy and Gnanamanickam, 1998). 

PGPR inoculation of plants resulted in increased rate of photosynthesis (Mia 

et al., 2000). 

Inoculation of oil seed (Salicornia bigelovii Torr.) with PGPR has been 

reported to increase plant biomass, palmitic acid, total N and protein content. The 

PGPR inoculation also increased P content through Phosphorus solubilization 

(Bashan et al., 2000). 

Shamsuddin et al. (2000) found increased amounts of P and K uptake in 

banana plants inoculated with PGPR. 

The application of PGPR isolate increased yield in tomato (Murphy et al., 

2000), mango (Vivekananthan et al., 2004) and in tea (Saravanakumar et al., 

2007) under field conditions. 

Inoculation of rhizobacteria viz., P. fluorescens, Azotobacter cryoococcum 

and A. brasilense alone and in combination with root symbionts, Rhizobium sp. 

And Glomus mossae improved plant growth and reduced gall formation on chick 

pea - Cicer arietinum (Siddiqui and Mahmood, 2001). 
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Successful management using the rhizobacterial isolate, P. flourescense, Pf1 

reported, economically important plant diseases such as sheath blight of rice 

(Nandakumar et al., 2001), anthracnose in chillies (Bharathi et al., 2004). 

Recently, PGPR strain UPMB 10 (Bacillus sphaericus), isolated from oil 

palm, observed to produce beneficial effects on plantation crops namely oil palm 

(Amir, 2001), coconut and banana (Mia et al., 2005, 2007). 

In the year 1995, Vidhyasekaran and Muthamilan developed the talc- based 

bioformulation of P. fluorescens strain Pf1 against root rot disease of chick pea. 

PGPR application results in successful management of various plant diseases viz., 

red rot of sugarcane (Viswanathan and Samiyappan, 2001), sheath blight of rice 

(Radjacommare et al., 2002), anthracnose of chillies (Bharathi et al., 2004), 

anthracnose of mango (Vivekananthan et al., 2004) and dry root rot disease on 

mung bean plants (Saravankumar et al., 2007) using talc based bioformulation of 

strain Pf1. 

It was found that application of mixtures of rhizobacterial and endophytic 

bacterial isolates to banana at the time of planting and during 3
rd

, 5
th

 and 7
th

 month 

after planting was effective in reducing banana bunchy top virus (BBTV) under 

field conditions, accounting for 52.4% reduction over control. PGPR treatments 

may induce resistance to the virus in the form of no symptoms, reduced symptoms 

and in some cases no detectable accumulation of virus (Murphy et al., 2003). The 

reduction in BBTV disease incidence was probably due to the action of induced 

resistance in the host. 

ISR elicited by PGPR has shown promise in managing a wide spectrum of 

plant pathogens, including virus in several plant species under green-house and 

field environments (Murphy et al., 2003; Kavino et al., 2008). 

The efficacy of PGPR against fungal and bacterial diseases has been 

reported by various groups (Kloepper et al., 2004). 
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Plant growth promoting rhizobacteria have recently been shown to induce 

systemic resistance (ISR) against fungi, bacteria and viruses, as well as to enhance 

plant growth. Combined application of arbuscular mycorrhizal fungi and PGPR 

highly benefits banana plants and therefore, could be considered during the 

acclimatization stage of micropropagated banana. Micropropagated banana 

plantlets from the „Grand Naine‟ cultivar were inoculated with mycorrhiza and 

rhizobacteria either alone or combined and the results showed that combined 

inoculated plants showed growth parameters i.e., total fresh weight, aerial dry 

weight, shoot length and leaf area, significantly higher than non-treated control 

bananas. Leaf mineral content (N, P and K) was also significantly increased by 

following the combined application of the same microorganisms in banana. The 

inoculation of PGPR showed better growth and seedling health and consequently 

increased the seedling survival rates (Rodriguez-Romero, 2005). 

Biological control of plant pathogens is gaining momentum since chemicals 

raise environmental issues. Intensive farming practices that warrant high yield and 

quality require extensive use of chemical fertilizers and pesticides, which are not 

only costly but also pollute the environment. Recently there has been a resurgence 

of interest in environmentally friendly, sustainable agricultural practices (Esitken 

et al., 2005). 

PGPR inoculation study in bananas showed a significant amount of nitrogen 

(N2) fixation by N15 isotopic dilution technique with 45 days old banana seedlings 

conclusively indicated that rhizobacterial inoculation with 33% fertilizer – N (50 

ppm) could fix 8.85 to 9.69 mg N per plant. This rate of N2 fixation was further 

increased (10.26- 10.85 mg per plant ; 12.4- 12.5% Ndfa) with lesser inorganic- N 

supply, 13% fertilizer- N (20 ppm) due to a synergistic effect between the 

rhizobacteria and   fertilizer- N (Mia et al., 2007). 

Enhanced PPO (poly phenol oxidases) activities against disease and insect 

pests have been reported in several beneficial plant-microbe interactions 

(Rajendran et al., 2007). 
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Kavino et al. (2008) demonstrated that application of Pseudomonas 

fluorescens strain CHAO+ chitin bio-formulations significantly reduced the 

BBTV incidence in hill banana under greenhouse and field condition. 

Among the various PGPRs identified, P. fluorescens is one of the most 

extensively studied rhizobacteria, because of its growth promoting activity and 

antagonistic action against plant pathogens (Kavino et al., 2007; Saravanakumar 

and Samiyappan, 2007). 

Several Pseudomonas strains were demonstrated to protect plants against 

many fungal, bacterial and viral diseases (Saravanakumar et al., 2009). 

Harish et al., (2009a) observed that polyphenol oxidase (PPO) and 

peroxidase (PO) activities were greater in the plants treated with mixtures of 

rhizobacteria and endophytic bacteria and challenged with viruliferous aphids, 

compared to control plants. P. fluorescens, Pf1 along with the endophytic 

bacterial isolate significantly increased the yield compared to other treatments and 

the untreated control. 

P. fluorescens strain CHAO + chitin bio-formulations of Pseudomonas 

strains improved the plant height, girth, LAI, bunch weight, number of hands and 

chlorophyll content when compared to untreated plants (Kavino et al., 2010). 

Banana, an important fruit crop, requires high amounts of chemical 

fertilizers for commercial cultivation, which is costly and can be hazardous to the 

environment, when used excessively. Plant growth promoting rhizobacteria 

(PGPR) could be used for growth promotion, nutrient uptake and some time as an 

alternative source of N-fertilizer of non-leguminous crops. Recently, research on 

PGPR for crop improvements are gaining prominence and thousands of research 

works have been published so far. However, use of this noble technique in banana 

production system is limited. Nevertheless, reports from various experimental 

findings suggested that PGPR strains could successfully formed colonies on the 

root surface of bananas, where more bacterial cells were found in the root hair 
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proliferation zone. Application of PGPR alone could not produce significant 

benefits that require minimal or reduced levels of fertilizer-N consequently could 

produce a synergistic effect on root growth and development. The inoculation also 

increased the N yield and fixed N2 in association with banana roots subsequently 

increased the yield, improved the physical attributes of fruit quality and initiated 

early flowering. PGPR are effective as a bioenhancer and biofertilizer for banana 

cultivation. For consistent and precise results extensive field experiments of 

bananas inoculated with PGPR strains should be continued. (Mia et al., 2010) 

2.5.3 Effect of PGPR in Combination Treatments 

The bacterial biocontrol agents improve plant growth by suppressing either 

major or minor pathogens of plants (Defago et al., 1990). 

The inoculation process could stimulate the root growth and development 

(Mia et al., 1998), which occurred almost in all dimensions namely production of 

primary and secondary roots, longer roots and greater volume and mass (43%). 

PGPR play an important role in suppression of soil-borne plant pathogens, 

and improving nutrient availability (Biswas et al., 2000; Saravanakumar and 

Samiyappan, 2007). 

Plant growth promoting rhizobacteria have recently shown to induce 

systemic resistance against fungi, bacteria and viruses, as well as to enhance plant 

growth. Combined application of arbuscular mycorrhizal fungi and PGPR highly 

benefits banana plants and therefore, could be considered during the 

acclimatization stage of micropropagated banana (Rodriguez- Romero, 2005). 
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3. MATERIALS AND METHODS 

The present study entitled “Integrated management of Sigatoka leaf spot 

disease of banana caused by Mycosphaerella musicola R. Leach ex J.L. Mulder”, 

was conducted during the period 2012-2014 at College of Agriculture, Vellayani, 

Thiruvananthapuram and field experiment on integrated disease management was 

carried out at Coconut Research Station, Balaramapuram. 

Intercropping system was adopted in a selected area of 0.34 ha, 50 year 

old coconut plantation with banana as intercrop.Disease free suckers of cultivar 

Nendran (AAB) of uniform age and size were used for planting. The experiment 

was carried out from March 2013 - December 2013. The field trial was conducted 

in a disease prone area of Sigatoka leaf spot disease. Details of the experiment are 

given below. 

The experiment was laid out in RBD with 13 set of treatments with 3 

replications. The layout of the experimental field is given in Fig.1 and general 

view of the experimental site is given as plate 2. The chemical properties of the 

soil are given in Appendix I. 

 

Design : RBD 

Treatments : 13 

Replication : 3 

Plot size : 8 plants / replication 

Variety : Nendran (AAB) 

Spacing : 2 m x 2 m 

Number of Plants in field : 312 

 

Plants were numbered in each of the replication including control plot in 

order to avoid the border effect. After three months of planting, the treatments 

were applied twice at the middle of June and at the end of July with an interval of 

45 days. Foliar application of the treatments was given at the rate of 200 ml spray  
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Fig.1. Layout plan of the experiment 



 

 

 

Plate 2. General view of experimental plot 

 



 

 

fluid per plant. At both times, all the treatments were given independently. i.e, all 

the secondary and micro nutrients were applied two days prior to the application 

of fungicides and bio control agent. 

The following three different components were given as treatments viz., 

Nutrients, Fungicides and BCA. Nutrients included Micronol, (Micronutrient mix 

of Zn - 7.06%, Mn - 4.20%, Fe - 2.60%, Cu - 2.00%, B - 0.60% and Mo - 0.05%). 

Magnesium (given as Magnesium sulphate @ 2 g l
-1

), Zinc (given as Zinc 

sulphate @ 3 g l
-1

) and Boron (given as Boric acid @ 2 g l
-1

). 

The fungicides included two systemic new generation fungicides viz., 

tebuconazole (Folicur 25 EC @ 0.1%), propiconazole (Tilt 25 EC @ 0.1%) and 

one contact fungicide copper hydroxide (Kocide 77% WP @ 0.25%). 

PGPR Mix II @ 20 g l
-1 

was used to check out the efficacy of biocontrol 

agent in management of Sigatoka disease. The spray with Micronol was carried 

out two days prior to application of fungicide and the details of treatments are 

given in Table 1. 

The parameters studied were grouped into four main categories namely 

disease factors, weather factors, biochemical or physiological responses and 

growth and yield characteristics. The data generated out of the field experiment 

and the subsequent chemical analysis was analyzed statistically using RBD for 

interpretation of results. Statistical techniques like analysis of variance applicable 

for RBD and correlation studies with weather parameters were employed to bring 

out the effect of secondary and micro nutrients, PGPR Mix II and various 

fungicides on growth and yield characters of the crop. 

The materials used and methods followed for recording each factors are 

described below. 
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Table 1. Details of treatments 

  

 

Sl. 

no. 

                               

                                     Treatments 

1 Micronol (2 g l
-1

) plus  tebuconazole 25 EC (0.1 %)  

2 Micronol (2 g l
-1

) plus copper hydroxide 77 % WP (0.25 %)  

3 Micronol (2 g l
-1

) plus propiconazole 25 EC (0.1 %) 

4 Micronol (2 g l
-1

) plus PGPR mix II (20 g l
-1

) 

5 Mg (2 g l
-1

) + Zn (3 g l
-1

) +B (2 g l
-1

) plus tebuconazole 25 EC (0.1 %)   

6 Mg (2 g l
-1

) + Zn (3 g l
-1

) +B (2 g l
-1

) plus copper hydroxide 77% WP (0.25%) 

7 Mg (2 g l
-1

) + Zn (3 g l
-1

) +B (2 g l
-1

) plus propiconazole 25 EC (0.1 %) 

8 Mg (2 g l
-1

) + Zn (3 g l
-1

) +B (2 g l
-1

) plus  PGPR mix II (20 g l
-1

) 

9 Tebuconazole 25 EC @ 0.1 %  

10 Copper hydroxide 77 % WP @ 0.25 %   

11 Propiconazole 25 EC @ 0.1 %  

12 PGPR mix II (20 g l
-1

)  

13 Absolute control (untreated check) 



 

 

3.1 DISEASE FACTORS 

3.1.1 Disease Incidence 

The total number of leaves and number of infected leaves in each 

observation plant were separately counted and recorded to find out disease 

incidence. Monthly observations were recorded including one pretreatment 

observation (June) and six post treatment observations viz., July, August, 

September, October, November and December 2013. The disease incidence was 

calculated using the following formula. 

 

 

3.1.2 Disease Intensity (Disease Index) 

To find out the effect of treatments on the disease, disease intensity was 

calculated. For that, observation plants were selected from each replication 

excluding the border plants in order to avoid the border effect. Observations were 

taken at monthly intervals till December, 2013. The total observations included 

one pretreatment observation (June) and the rest were post treatment observations 

viz., July, August, September, October, November and December. 

A 0-6 scale was followed for scoring the Sigatoka leaf spot symptoms and 

the schematic representation of Gauhl‟s modification (1993) of the Stover‟s 

severity scale (1970) (Carlier et al., 2002) is shown in Plate 3. The description of 

each grade is also shown in Table 2. The total number of leaves was scored as per 

the scale based on the area of infection. 

Using the score values the extent of infection was estimated based on the 

proportion of the area affected by the leaf spot infection in relation to the total leaf 

area and calculated the disease index using the Gauhl‟s formula (1993) modified 

from Stover‟s Disease Severity Scale. 

 

 

Disease incidence (%) = Number of leaves infected X 100 

                                          Total no: of leaves 

 

36 



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Score 

                               

                            Description 

0 No symptoms 

1 Not more than 1% of leaf area affected 

2 Less than 5% of the leaf area affected 

3 From 6 to 15% of the leaf  area affected 

4 From 16 to 33% of the leaf  area affected 

5 From 34 to 50% of the leaf  area affected 

6 More than 50% of the leaf  area affected 

 Table 2. Score chart for yellow Sigatoka disease (Carlier et al., 2002) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Plate 3. Gauhl’s modification (1993) of Stover’s scale (Carlier et al., 2002) 

 

 



 

 

 

 

3.2 BIOCHEMICAL ANALYSIS 

Biochemical changes in banana plants infected with Mycosphaerella 

musicola  was studied with respect to the content of total phenol, ortho di-hydroxy 

phenol (OD phenol), chlorophyll, leaf nutrient and protein at different stages of 

crop growth. 

 

3.2.1 Estimation of Total Phenol 

The total phenol was estimated using leaf samples collected during active 

growth period (4
th

, 5
th

 and 6
th

 months). It was estimated by following the 

procedure described by Bray and Thorpe (1954). 

One gram of leaf sample was homogenized in 10 ml of 80 per cent ethanol.  

The homogenate was then centrifuged at 10,000 rpm for 20 min, supernatant was 

saved and residue was extracted with five times the volume of 80 per cent ethanol 

and centrifuged as above.  The supernatant was saved and evaporated to dryness 

in a boiling water bath. The residue was dissolved in five ml distilled water.  An 

aliquot of 0.2 ml was pipetted out and made up to three ml with distilled water.  

Folin-Ciocalteau reagent (0.5 ml) was added and two ml of 20% sodium 

carbonate solution was added to each tube after three minutes.  This was mixed 

thoroughly and kept in boiling water for one minute.  The reaction mixture was 

cooled and absorbance was measured at 650 nm against a reagent blank.  Standard 

curve was prepared using different concentrations of catechol and expressed in 

catechol equivalents as milligram per gram leaf tissue on fresh weight basis. 

3.2.2 Estimation of ortho-dihydroxy phenol (OD- Phenol) 

The ortho-dihydroxy phenol content was estimated using leaf samples 

during active growth period (4
th

, 5
th

 and 6
th

 months). It was estimated following 

the procedure described by Johnson and Schaal (1957). 

Disease intensity    =   Sum of all disease ratings x 100 

                                    Total no: of ratings x Max.grade 
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To one ml of ethanol extract taken in a boiling tube, 1 ml of Arnow‟s 

reagent (Appendix II), 10 ml of distilled water and two ml of 1N NaOH were 

added. Soon after the addition of alkali, pink colour appeared. The color was 

diluted to 25 ml and read the transmittance at 522 nm in a spectrophotometer. A 

reagent blank was maintained with one ml of distilled water. A standard curve 

was prepared with catechol from which the unknowns were calculated. 

3.2.3 Estimation of Chlorophyll 

Chlorophyll was estimated by Arnon‟s method (1949). 

One gram of leaf sample collected at bunch emergence stage was finely cut 

and ground in a mortar with 20 ml of 80 per cent acetone. The homogenate was 

centrifuged at 5000 rpm for five minutes and the supernatant was transferred to a 

100 ml volumetric flask.  The above procedure was continued till the residue 

became colorless. The final volume in volumetric flask was made up to 100 ml 

with 80 percent acetone. Absorbance of the solution at 645 and 663 nm was read 

in a spectrophotometer against the solvent (80% acetone) as blank. The 

chlorophyll content was calculated using the following equations and expressed as 

milligrams chlorophyll per gram leaf tissue on fresh weight basis. 

 

 

 

 

 

 

 

 

 

 

A= absorbance at specific wavelengths 

V= final volume of chlorophyll extract in 80% acetone  

W= fresh weight of tissue extracted.   

 

                                      V    

      Chlorophyll a = 12.7 (A663) - 2.69 (A 645)    x   ––––––––––   

                                                                                1000 x W 

                                                                  V 

      Chlorophyll b = 22.9 (A645) - 4.68 (A 663)    x    ––––––––– 

          1000 x W   

                                                                                  V   

      Total chlorophyll = 20.2 (A645) + 8.02 (A663) x   ––––––––– 

          1000 x W 

 

 

Where 
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3.2.4 Estimation of Protein 

During the late vegetative stage, the protein content estimated using leaf 

samples. Total soluble protein content was estimated as per the procedure 

described by Bradford (1976). 

One gram of leaf sample was homogenized in 10 ml, 0.1 M sodium acetate 

buffer (P
H 

 4.7) (Appendix III) and centrifuged at 5000 rpm for 15 minutes at 4
°
C.  

The supernatant was saved for the estimation of soluble protein.  The reaction 

mixture consisted of 0.5 ml enzyme extract, 0.5 ml distilled water and 5 ml of 

diluted (5 times) dye solution. The absorbance was read at 595 nm in a 

spectrophotometer against reagent blank.  Bovine serum albumin was used as the 

protein standard. The protein content was expressed as milligram albumin 

equivalent of soluble protein per gram on fresh weight basis. 

3.2.5 Estimation of Plant Secondary and Micro Nutrients 

One observation plant from each of the replication was selected for 

destructive sampling at bunch emergence stage to check out the leaf nutrient 

content. Mainly micronutrients such as Boron, Zinc and secondary nutrient such 

as Magnesium were chemically analyzed. 

Petiole, the distal half portion were collected at bunch emergence stage, 

analyzed for their nutrient contents. For indexing the secondary nutrient, 

Magnesium and micronutrients such as Boron and Zinc the petiole of the third 

leaf was used (Sumam George, 1994). The sample leaves were cleaned, and dried 

in a hot air oven to constant weight at 70°C. The samples were powdered using 

plant sample grinding mill and were kept in brown paper cover for further 

analysis. The methods adopted for the chemical analysis are showed in Table 3. 
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          Table 3. Standard analytical methods followed in plant analysis 

Estimated 

character 

Method adopted Reference 

Magnesium 

(secondary 

nutrient) 

Nitric – Perchloric acid digestion (9:4) 

and versanate titration 
Piper (1967) 

Boron 

 (micro nutrient) 

Nitric – Perchloric acid digestion (9:4) 

and colorimetry 

Bingham 

(1982) 

Zinc 

 (micro nutrient) 

Nitric – Perchloric acid digestion (9:4) 

and atomic absorption spectro 

photometry 

Jackson (1973) 



 

 

3.3 BIOMETRIC OBSERVATIONS 

3.3.1 Growth Characteristics 

Growth characteristics on observation plants in each plot were recorded. 

Average of observation plants was worked out and presented. The following 

growth characters of the crop were recorded as detailed below. 

3.3.1.1 Height of the Plant (m) 

Height of the plant was measured from the base of the stem at the soil 

level to the axil of the youngest unopened leaf during the harvest stage. Mean 

height was arrived at and recorded in meter. 

3.3.1.2 Girth of the Plant (cm) 

Girth of the plant at 20 cm height above the soil level was measured using 

a flexible measuring tape during the harvest stage. Mean girth was arrived at and 

recorded in centimeter. 

3.3.1.3 Number of Leaves per Plant 

The total number of leaves including both green and senescent ones was 

counted and the average number was recorded. 

Monthly observations of number of leaves were recorded for a period of 

seven months during the crop season. Observations include one pre treatment 

observation and six post treatment observations. The first observation (June), 

made as pre treatment observation followed by the post treatment observations 

viz; July, August, September, October, November and December 2013. 
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3.3.1.4 Number of Functional Leaves per Plant 

The number of green leaves capable of photosynthesis was counted and 

whose average was recorded. Monthly observations of number of leaves were 

recorded for a period of seven months during the crop season. Observations 

include one pre treatment observation and six post treatment observations. The 

first observation (June), was the pre treatment observation. The following were 

the post treatment observations viz; July, August, September, October, November 

and December 2013. 

3.3.2 Yield Characteristics 

At harvest stage, observations like time of bunch maturity, bunch weight, 

number of hands, number of fingers per bunch, number of suckers were recorded. 

3.3.2.1 Time of Bunch Emergence 

Mean number of days from planting to the stage of bunch emergence was 

calculated and recorded to check out whether the treatments had any influence on 

the same. 

3.3.2.2 Time of Bunch Maturity 

Mean number of days from planting to the stage of disappearance of 

angles in fruit was calculated and recorded. The disappearance of angles followed 

by rounding of the fruit angles was taken as the indication of maturity (Stover and 

Simmonds, 1987). 

3.3.2.3 Yield per Plant (kg) 

The bunch weight including the portion of peduncle to the first scar of 

observation plants was recorded and its average was expressed in kilograms. 
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3.3.2.4 Number of Hands per Bunch 

The number of hands in a bunch of banana observation plants from each 

replication and the absolute control were counted and whose average was 

recorded. 

3.3.2.5 Number of Fingers per Bunch 

The total number of fingers in a bunch of banana observation plants from 

each of the treatment and absolute control was noticed and the average was 

recorded. 

3.3.2.6 Number of Suckers 

The number of suckers produced for banana plants in each of the 

replication was counted and the mean data recorded. 

3.4 WEATHER PARAMETERS STUDIES 

3.4.1 Correlation Studies on the Influence of Weather Parameters on the 

Intensity and Incidence of Sigatoka Disease of Banana Caused by 

Mycosphaerella musicola 

Weather parameters such as maximum and minimum temperature, 

maximum and minimum relative humidity, rainfall, evaporation, sunshine hours 

prevailing in the field at the time of field trials over a period recorded and were 

statistically correlated with disease intensity (disease index) and disease incidence 

so as to study the influence of meteorological factors on the development of 

Sigatoka leaf spot disease of banana caused by Mycosphaerella musicola. 

3.5 ECONOMIC ANALYSIS 

The economic analysis of the crop in terms of net income and BCR was worked 

out as follows. 

 
Net income (Rs. ha

-1
) = Gross income (Rs. ha

-1
) - Cost of cultivation (Rs. ha

-1
) 

    BCR = Gross income (Rs. ha
-1

) ÷ Cost of cultivation (Rs. ha
-1

) 
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RESULTS 



 

 

4. RESULTS 

The present study on the „Integrated management of Sigatoka leaf spot disease of 

banana caused by M. musicola R. Leach ex J.L. Mulder was conducted during the 

period 2012-2014 at the Department of Plant Pathology, College of Agriculture, 

Vellayani, Thiruvananthapuram, Kerala and at the experimental field at Coconut 

Research Station, Balaramapuram. The results obtained from the laboratory and 

field experiment are summarized below. 

 

4.1 DISEASE FACTORS 

The effect of the treatments on the disease intensity and incidence of 

yellow Sigatoka of Nendran banana was assessed under field condition. 

 

4.1.1 Influence of Treatments on the Incidence of Banana Sigatoka Leaf Spot 

Disease Caused by M. musicola 

 

The results of investigations on the incidence of Sigatoka leaf spot disease 

in CRS, Balaramapuram are detailed below: 

Monthly observations of 13 treatments on the disease incidence of Sigatoka 

disease were recorded for a period of seven months. The first observation (June), 

made as pre treatment observation and the post treatment observations were made 

during  July, August, September, October, November and December 2013 and the 

results are presented in Table 4. 

During the pre treatment observation (June), there was no significant 

variation among the experimental plants with respect to disease incidence. 

During the first post treatment observation, there was a significant 

difference in the incidence of disease in treatments when compared with the 

untreated plants. 
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Treatment 

                                                          Disease incidnce  (%)  

June July Aug Sept Oct Nov Dec 

T1  Micronol @ 2 g l-1 plus  

tebuconazole @ 0.1% 

44.61  

(6.75)  

31.21  

(5.68 ) a 

52.33  

(7.30)  

49.08  

(7.08) abc  

46.90 

(6.92)  

23.62 

(4.96) a  

53.04 

(7.35)  

T2 Micronol @ 2 g l-1 plus copper 

hydroxide @ 0.25% 

42.52  

(6.60) 

44.16 

(6.72) c 

53.02  

(7.35)  

56.24  

(7.57) d  

57.02 

(7.62)  

48.93 

(7.07) bcd  

 41.50 

(6.52)  

T3 Micronol @ 2 g l-1 plus  

propiconazole @ 0.1%  

43.49  

(6.67) 

32.85 

(5.82) ab  

53.37  

(7.37)  

49.36  

(7.10) 
abcd  

 46.47 

(6.89)  

47.10 

(6.94) bcd  

44.83  

(6.77)  

T4 Micronol @ 2 g l-1 plus PGPR 

mix II @ 20 g l-1   

47.12  

(6.94)  

38.59  

(6.29) abc  

50.35 ( 

7.17)  

52.54  

(7.32) bcd  

50.89 

(7.20)  

51.42 

(7.24) cd  

50.07 

(7.15)  

T5  Mg + Zn + B  plus 

tebuconazole @  0.1% 

40.34  

(6.43)  

36.00  

(6.08) abc  

53.64  

(7.39)  

49.98  

(7.14) 
abcd  

46.85 

(6.92)  

51.40  

(7.24) cd  

50.62 

(7.25)  

T6 Mg + Zn + B   plus copper 

hydroxide @ 0.25%  

42.16  

(6.57)  

34.56  

(5.96) ab  

50.55  

(7.18)  

52.87  

(7.34) bcd  

49.70 

(7.12)  

51.37 

(7.24) cd  

49.86 

(7.13)  

T7 Mg + Zn + B  plus 

propiconazole @ 0.1%  

42.52 

(6.60)  

38.08  

(6.25) abc 

51.01 

(7.21)  

45.41 

(6.81) a  

44.64 

(6.76)  

46.94 

(6.92) bc 

46.07 

(6.86 )  

T8 Mg + Zn + B  plus  PGPR mix 

II @ 20 g l-1   

41.25 

(6.50)  

37.06  

(6.17) abc  

52.88 

(7.34)  

55.89 

(7.54) cd  

53.21 

(7.36)  

54.38  

(7.44 ) d  

52.70 

(7.33 )  

T9 Tebuconazole @ 0.1%   41.25 

(6.50)  

41.00 

(6.48 ) bc  

 47.34  

(6.95)  

47.54 

(6.97) ab  

50.69  

(7.19)  

48.25  

(7.02 ) 
bcd  

44.72 

(6.76 )  

T10 Copper hydroxide  @ 0.25% 37.28 ( 

6.19)  

33.92  

(5.91) ab 

 51.23 

(7.23)  

52.14 

(7.29) 
abcd  

49.11 

(7.08)  

49.13  

(7.08 ) 
bcd  

41.09 

(6.49 )  

T11 Propiconazole @ 0.1%  43.71 

(6.69)  

37.83 

(6.23) abc  

52.62 

(7.32)  

53.17 

(7.36) bcd  

55.93 

(7.55)  

49.21  

(7.09 ) 
bcd 

42.96  

(6.63 )  

T12 PGPR mix II @ 20 g l-1   40.92  

(6.48)  

38.22 

(6.26) abc  

55.32 

(7.50)  

56.30 

(7.57) d  

55.77 

(7.53)  

45.04  

(6.79 ) bc  

44.92 

(6.78 )  

T13 Control  44.61  

(6.75) 

62.35 

(7.96) d  

63.23 

(8.01)  

64.00 

(8.06) e  

65.27 

(8.14)  

76.15  

(8.78 ) e  

85.55 

(9.30 )  

 SE (±)  - 0.24 0.20 0.16 0.56 0.17 5.89 

 CD (0.05)  NS (0.70 ) NS (0.48 ) NS (0.50) NS 

Table 4. Effect of treatments on disease incidence of banana Sigatoka disease caused by Mycosphaerella musicola 

 

*Mean of three replications   **Transformation used is square root transformation   NS : Non  significant 

***Figures followed by the same letter do not differ significantly according to two way ANOVA at P=0.05 

 

 



 

 

The lowest incidence was found in treatment T1 - Micronol @ 2 g l
-1

 plus  

tebuconazole @ 0.1% (31.21%) followed by T3 - Micronol @ 2 g l
-1

 plus  

propiconazole  @ 0.1% (32.85 %), T10 - copper hydroxide @ 0.25% (33.92%), 

T6 - Mg + Zn + B   plus copper hydroxide @ 0.25% (34.56%), T5 - Mg + Zn + B  

plus tebuconazole @ 0.1% (36.00%), T8 - Mg + Zn + B  plus  PGPR mix II @ 20 

g l
-1

 (37.06 %), T11 - propiconazole  @ 0.1 % (37.83%), T7 - Mg + Zn + B  plus 

propiconazole @ 0.1% (38.08%) , T12 - PGPR mix II @ 20 g l
-1

 (38.22%) and  

T4 - Micronol @ 2 g l
-1 

plus PGPR mix II @ 20 g l
-1

 (38.59%), which were 

statistically on par and significantly superior over control. The highest disease 

incidence was observed in absolute control (62.35%). 

During the second post treatment observation (August), where the treatments 

recorded a slight variation in disease incidence. The lowest disease incidence was 

found in T4 - Micronol @ 2 g l
-1

 plus PGPR mix II @ 20 g l
-1

 (50.35%) whereas 

the highest in absolute control (63.23%). 

During the third post treatment observation (September), it was found that there 

existed a significant difference in the disease incidence between the treatments. 

The treatment,  T7 - Mg + Zn + B  plus propiconazole @ 0.1%   (45.41 %) 

recorded the lowest disease incidence followed by  T9 - tebuconazole @ 0.1% 

(47.54 %) , T1- Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% (49.08%), T3 - 

Micronol @ 2 g l
-1

 plus  propiconazole  @ 0.1% (49.36%), T5 - Mg + Zn +B  plus 

tebuconazole @ 0.1% (49.98%) and T10 - copper hydroxide @ 0.25% (52.14%). 

All these treatments were statistically on par with each other. The remaining 

treatments are also found to be better than absolute control and the treatments are  

viz., T4 - Micronol @ 2 g l
-1 

plus PGPR mix II @ 20 g l
-1

 (52.54%), T6 - Mg + Zn 

+ B plus copper hydroxide @ 0.25% (52.87%), T11- propiconazole @ 0.1% 

(53.17%), T8 - Mg + Zn + B  plus PGPR mix II @ 20 g l
-1

 (55.89%), T2 - 

Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25% (56.24%) and T12 - PGPR 

mix II @ 20 g l
-1

 (56.30%).  The highest disease incidence (64.00%) was noticed 

in absolute control. 
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During the fourth post treatment observation (October), it was revealed 

that there was no significant difference between any of the treatments. However, 

lowest disease incidence observed in T7 - Mg + Zn + B plus propiconazole @ 

0.1% (44.64%) whereas the highest incidence was noticed in T13 - absolute 

control (65.27%). 

The fifth post treatment observation (November) showed that there exist a 

significant difference between the treatments. All the treatments performed 

significantly superior than control (T13) having the highest disease incidence 

(76.15%). The lowest disease incidence was recorded by T1, Micronol @ 2 g l
-1

 

plus tebuconazole @ 0.1% having a disease incidence of 23.62%, which was 

significantly superior from the remaining treatments. The following are the next 

best treatments viz., T12 - PGPR mix II @ 20 g l
-1

 (45.04%), T7 - Mg + Zn + B  

plus propiconazole  @ 0.1% (46.94%), T3 - Micronol @ 2 g l
-1 

plus  

propiconazole  @ 0.1% (47.10%), T9 - tebuconazole @ 0.1% (48.25%), T10 - 

copper hydroxide @ 0.25% (49.13%) and T11 - propiconazole @ 0.1% (49.21%). 

All these treatments were statistically on par with each other. The performance of 

remaining treatments are in the following order viz., T6 - Mg + Zn + B plus 

copper hydroxide @ 0.25% (51.37%), T5 - Mg + Zn + B  plus tebuconazole @ 

0.1% (51.40%), T4 - Micronol @ 2 g l
-1 

plus PGPR mix II @ 20 g l
-1

 (51.42%) 

and T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 (54.38%). All the treatments 

were found to be better than absolute control having the highest disease incidence 

(76.15%). 

In the last post treatment observation (December), it was found that there 

exists no significant difference between treatments. However, the lowest disease 

incidence was observed in the treatment, T10 - copper hydroxide @ 0.25% 

(41.09%) and a highest disease incidence was observed in control plot (85.55%). 

With respect to disease incidence, among the 13 treatments; treatment T1 

(Micronol @ 2 g l
-1

 plus tebuconazole @ 0.1%) showed good disease suppression 

during three months of observation. Followed by, T3 (Micronol @ 2 g l
-1

 plus 
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propiconazole @ 0.1%), T5 (Mg + Zn + B plus tebuconazole @ 0.1%) and T10 

(copper hydroxide @ 0.25%). 

The result analysis revealed that the foliar application of treatments, 

tebuconazole in combination with either micronol (T1) or   Mg + Zn + B (T5), 

Micronol @ 2 g l
-1

 plus propiconazole @ 0.1% (T3) and copper hydroxide @ 

0.25% (T10) recorded the minimum disease incidence during the crop period. 

4.1.2 Influence of Treatments on the Intensity of Banana Sigatoka Leaf Spot 

Disease Caused by Mycosphaerella musicola 

The results of the observations on the effect of 13 treatments on reduction of 

disease intensity are detailed below. 

Six post treatment observations on the effect of treatments on reduction of 

disease intensity were observed at monthly interval, starting from July to 

December 2013. The results are presented in Table 5. 

During the pre treatment observation (June), there was no significant 

difference among the experimental plants with respect to disease intensity. 

From the first post treatment observation (July), it was seen that there was a 

significant difference in the intensity of disease with respect to the treatments. The 

treatment T3 - Micronol @ 2 g l
-1

 plus propiconazole @ 0.1%, recorded the 

lowest disease intensity (20.82) and it was significantly superior to the rest of the 

treatments. The next best treatments were T5 - Mg + Zn + B  plus tebuconazole @ 

0.1% (20.87),  T1 - Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% (21.09), T6 - 

Mg + Zn + B   plus copper hydroxide @ 0.25% (22.13),  T10 - copper hydroxide 

@ 0.25% (22.65),  T11 - propiconazole  @ 0.1% (23.54),  T7 - Mg + Zn + B  plus 

propiconazole  @ 0.1% (24.36 ), T4 - Micronol @ 2 g l
-1

 plus PGPR mix II @ 20 

g l
-1

 (25.33),  T2 - Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25% (26.81),  

T9 - tebuconazole @ 0.1% (27.31) and T8 - Mg + Zn + B  plus  PGPR mix II @ 

20 g l
-1

 (27.35) and these treatments were found to be statistically on par with 

each other and performed better than control (49.96). The highest disease 
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Treatment 

                                                         Disease intensity    

June July Aug Sept Oct Nov Dec 

T1  Micronol @ 2 g l-1 plus  

tebuconazole @ 0.1% 

22.98  

(4.90)  

21.09  

(4.70) a 

38.45 

(6.28) ab  

39.05 

(6.33) ab  

37.00 

(6.16) ab  

34.85 

(5.99) a  

33.36 

(5.87) a 

T2 Micronol @ 2 g l-1 plus 

copper hydroxide @ 

0.25% 

31.67(5.72)  26.81 

(5.27) ab  

45.33 

(6.81) c  

44.40 

(6.74 ) b  

45.68 

(6.82) d 

36.46 

(6.12) a  

27.21 

(5.31) a  

T3 Micronol @ 2 g l-1 plus  

propiconazole @ 0.1%  

20.87 

(4.68)  

20.82 

(4.67) a  

42.74 

(6.61) bc  

36.39 

(6.12) a  

37.13 

(6.17) ab  

34.23 

(5.94) a  

 30.79 

(5.64) a  

T4 Micronol @ 2 g l-1 plus 

PGPR mix II @ 20 g l-1   

29.72 

(5.54)  

25.33 

(5.13) ab 

42.74 

(6.61) bc  

41.49  

(6.52) ab  

40.56 

(6.45) c 

35.72 

(6.06) a  

29.81  

(5.55) a  

T5  Mg + Zn + B  plus 

tebuconazole @  0.1% 

24.10 

(5.01)  

20.87 

(4.68) a  

40.22 

(6.42) abc 

38.66 

(6.30) ab  

39.65 

(6.38) abc  

35.93 

(6.08) a  

 33.00 

(5.83) a  

T6 Mg + Zn + B   plus 

copper hydroxide @ 

0.25%  

25.36 

(5.13)  

22.13 

(4.81) a  

40.91 

(6.47)abc 

41.67 

(6.53) ab  

39.33 

(6.35) abc 

 35.43 

(6.04) a 

29.17 

(5.49) a  

T7 Mg + Zn + B  plus 

propiconazole @ 0.1%  

29.06 

(5.48)  

24.36 

(5.04) ab 

43.98 

(6.71) bc  

36.62 

(6.13 ) a  

36.74  

(6.14) a  

33.02 

(5.83) a  

28.13  

(5.40) a  

T8 Mg + Zn + B  plus  PGPR 

mix II @ 20 g l-1   

29.29 

(5.50)  

27.35 

(5.32) ab  

43.60 

(6.68) bc  

42.18 

(6.57) ab  

40.11 

(6.41) bc  

38.16 

(6.26) a  

33.90 

(5.91) a 

T9 Tebuconazole @ 0.1%   27.69 

(5.36)  

27.31 

(5.32) ab 

37.08 

(6.17) a  

38.70 

(6.30) ab  

 38.31 

(6.27) abc  

32.85 

(5.82) a  

25.92 

(5.19) a  

T10 Copper hydroxide  @ 

0.25% 

27.73 (5.36 

)  

22.65 

(4.86) ab 

41.33 

(6.51) abc  

40.21 

(6.42) ab  

 39.18  

(6.34) abc  

35.38 

(6.03) a  

33.83 

(5.90) a  

T11 Propiconazole @ 0.1%  29.52 

(5.52)  

23.54 

(4.95) ab  

42.15 

(6.57) abc  

39.37 

(6.35) ab  

 38.99 

(6.32) abc  

35.53 

(6.04) a  

29.10 

(5.49) a 

T12 PGPR mix II @ 20 g l-1   33.68 

(5.89)  

32.65 

(5.80) b 

45.36 

(6.81) c  

45.04 

(6.79) b  

44.41 

(6.74) d  

39.47 

(6.36) a  

 36.31 

(6.11) a  

T13 Control  32.64 

(5.89)  

49.96 

(7.14) c  

53.35 

(7.37) d  

53.22 

(7.36) c  

52.68 

(7.33) e 

65.38 

(8.15) b 

 76.42 

(8.80) b 

 SE (±)  - 0.33 0.15 0.18 0.18 0.21 0.50 

 CD (0.05)  NS (0.95) (0.43) (0.53 ) (0.25) (0.62) (1.45) 

*Mean of three replications    **Transformation used is square root transformation    NS : Non  significant 

  ***Figures followed by the same letter do not differ significantly according to two way ANOVA at P=0.05 

 

 

Table 5. Effect of treatments on disease intensity of banana Sigatoka disease caused by Mycosphaerella musicola 

 



 

 

 

intensity was observed in absolute control (49.96) and it showed significant 

variation from the rest of the treatments. 

In the second post treatment observation (August), it was found that there 

was a significant difference in the intensity of disease with respect to the 

treatments. The best treatment was found to be fungicide alone treatment, T9 - 

tebuconazole @ 0.1 % recorded the minimum disease intensity (37.08) followed 

by T1 - Micronol @ 2 g l
-1

  plus tebuconazole @ 0.1% (38.45), T6 - Mg + Zn + B  

plus copper hydroxide @ 0.1% (40.91), T10 - copper hydroxide @ 0.25% (41.33) 

and T11 - propiconazole @ 0.1% (42.15) and these treatments  remained 

significantly at par with each other. The performance of remaining treatments are 

in the order T3 - Micronol @ 2 g l
-1 

plus  propiconazole  @ 0.1%  and T4 - 

Micronol @ 2 g l
-1

 plus PGPR mix II @ 20 g l
-1

 with disease intensity 42.74%,  

T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 (43.60), T7 - Mg + Zn + B  plus 

propiconazole  @ 0.1% (43.98), T2 - Micronol @ 2 g l
-1

 plus copper hydroxide @ 

0.25% (45.33) and T12 - PGPR mix II @ 20 g l
-1

 (45.36) and these treatments 

were significantly superior over control having the highest disease intensity 

(53.35) in combating the Sigatoka leaf spot disease. 

In the third post treatment observation (September), it was noticed that there 

was a significant difference between the treatments imposed. The lowest disease 

intensity was found in the treatment, T3 - Micronol @ 2 g l
-1

 plus  propiconazole  

@ 0.1% (36.39)  followed by T7 - Mg + Zn + B  plus propiconazole  @ 0.1% 

(36.62), T5 - Mg + Zn + B plus tebuconazole @ 0.1% (38.66%), T9 - 

tebuconazole @ 0.1% (38.70), T1 - Micronol @ 2g l
-1 

plus tebuconazole @ 0.1% 

(39.05), T11 - propiconazole  @ 0.1% (39.37), T10 - copper hydroxide @ 0.25% 

(40.21), T4 - Micronol @ 2 g l
-1

 plus PGPR mix II @ 20 g l
-1

 (41.49), T6 - Mg + 

Zn + B   plus copper hydroxide @ 0.25% (41.67) and T8 - Mg + Zn + B  plus  

PGPR mix II @ 20 g l
-1

 (42.18). All the treatments performed better and 

significantly superior when compared to untreated check, which recorded the 

highest disease intensity (53.22). 
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From the fourth post treatment observation (October), it was found that 

there was a significant difference between treatments imposed. The lowest disease 

intensity was found in T7 - Mg + Zn + B  plus propiconazole  @ 0.1% (36.74) 

followed by T1 - Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% having (37.00),  

T3 - Micronol @ 2 g l
-1

  plus  propiconazole  @ 0.1% (37.13), T9 - tebuconazole 

@ 0.1% (38.31) and T11 - propiconazole @ 0.1% (38.99), T10 - copper 

hydroxide @ 0.25% (39.18), T6 - Mg + Zn + B plus copper hydroxide @ 0.25% 

(39.33) and T5 - Mg + Zn + B plus tebuconazole @ 0.1% (39.65). All these 

treatments were on par with each other. The highest disease intensity was noticed 

in absolute control (52.68), which was significantly different from all the 

treatments. The remaining treatments found to be better than control are T8 - Mg 

+ Zn + B plus PGPR mix II @ 20 g l
-1

 (40.11) which was on par with T4 - 

Micronol @ 2 g l
-1

 plus PGPR mix II @ 20 g l
-1

 (40.56) followed by T12 - PGPR 

mix II @ 20 g l
-1

 (44.41) and it was on par with T2 - Micronol @ 2 g l
-1

 plus 

copper hydroxide @ 0.25% (45.68). 

The fifth post treatment observation (November) revealed that there was a 

significant difference in the disease intensity with respect to treatments. The 

disease intensity was lowest in T9 - tebuconazole @ 0.1% (32.85) which  was 

followed by the treatments viz., T7 - Mg + Zn +B  plus propiconazole  @ 0.1% 

(33.02), T3 - Micronol @ 2 g l
-1

 plus  propiconazole @ 0.1% (34.23), T1 - 

Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% (34.85), T10 - copper hydroxide @ 

0.25% (35.38), T6 - Mg + Zn + B   plus copper hydroxide @ 0.25% (35.43), T11 - 

propiconazole  @ 0.1% (35.53), T4 - Micronol @ 2 g l
-1

 plus PGPR mix II @ 20  

g l
-1

 (35.72), T5 - Mg + Zn + B  plus tebuconazole @ 0.1% (35.93), T2 - Micronol 

@ 2 g l
-1

 plus copper hydroxide @ 0.25% (36.46), T8 - Mg + Zn + B  plus  PGPR 

mix II @ 20 g l
-1

 (38.16) and T12 - PGPR mix II @ 20 g l
-1

 (39.47). All the 

treatments were statistically on par with each other and they performed better than 

absolute control (65.38) which recorded the highest disease intensity. 

During the last post treatment observation (December), it was found that 

there was a significant difference among the treatments. T9 - tebuconazole @ 
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0.1% (25.92) recorded the lowest disease intensity followed by T2 - Micronol @ 2 

g l
-1

 plus copper hydroxide @ 0.25% (27.21), T7 - Mg + Zn + B  plus 

propiconazole  @ 0.1% (28.13), T11 - propiconazole  @ 0.1% (29.10), T6 - Mg + 

Zn + B   plus copper hydroxide @ 0.25% (29.17), T4 - Micronol @ 2 g l
-1

 plus 

PGPR mix II @ 20 g l
-1

 (29.81), T3 - Micronol @ 2 g l
-1

 plus  propiconazole  @ 

0.1% (30.79),   T1 - Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% (33.36), T5 - 

Mg + Zn + B  plus tebuconazole @ 0.1% (33.00), T10 - copper hydroxide @ 

0.25% (33.83), T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 (33.90), T12 - 

PGPR mix II @ 20 g l
-1

 (36.31). All the treatments were statistically on par with 

each other and they performed better than absolute control (76.42) which was 

recorded the highest disease intensity during the entire experiment. 

Among the 13 treatments, maximum disease suppression was observed with 

T1 (Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1%), T3 (Micronol @ 2 g l
-1

 plus  

propiconazole @ 0.1%), T5 (Mg + Zn + B  plus tebuconazole @ 0.1%), T6 (Mg + 

Zn + B plus copper hydroxide @ 0.25%), T7 (Mg + Zn + B plus propiconazole @ 

0.1%), T9 (tebuconazole @ 0.1%), T10 (copper hydroxide @ 0.25%) and T11 

(propiconazole  @ 0.1%). 

Hence, the analysis of the results indicated that the application of fungicides 

tebuconazole, propiconazole and copper hydroxide alone or in combination with 

Micronol or Mg + Zn + B had significant effect in reducing the disease intensity 

of Sigatoka leaf spot in banana. 

4.2 BIOCHEMICAL ANALYSIS 

Biochemical changes in banana plants infected with Mycosphaerella 

musicola were studied with respect to the total phenol, ortho di-hydroxy phenol 

(OD phenol), chlorophyll, Leaf nutrient and protein at different stages of growth. 

 

4.2.1 Estimation of Phenol 

Plant tissues respond to injury with the production of chemical substances 

like phenolics and the products of their oxidation. The accumulation of phenolics 
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in banana leaves in both treated and untreated samples was studied. The 

estimation was done during the active growth periods viz., 4
th

, 5
th 

and 6
th

 month 

after planting. The results revealed that there was a significant increase in phenol 

content during July i.e., after the first spraying of treatments and the results are 

presented in Table 6. 

During the fourth month (June), it was found that the treatments were not 

significantly different. The highest phenol content of 1725.00 µg g
-1

 was observed 

in T5, Mg + Zn + B  plus tebuconazole @ 0.1%  followed by T7, Mg + Zn + B  

plus propiconazole  @ 0.1% (1710.00 µg g
-1

) whereas, the lowest phenol content 

was found (600 µg g
-1

) in case of T12, PGPR @ 20 g l
-1

 . 

In fifth month (July), a significant difference in phenol content was 

observed between the treatments. Among them, the treatment T11, propiconazole  

@ 0.1% showed the maximum phenol content (3705.17 µg g
-1

) followed by T7, 

Mg + Zn + B  plus propiconazole  @ 0.1% (2430.00 µg g
-1

) and T5, Mg + Zn + B  

plus tebuconazole @ 0.1% (2082.60 µg g
-1

) which was on par with each other. 

The lowest phenol content (555.00 µg g
-1

) was noticed in case of T12, PGPR @ 

20 g l
-1

. 

In the sixth month (August), it was found that even though there was no 

significant difference, the highest phenol content was noticed in case of T7, Mg + 

Zn + B plus propiconazole @ 0.1% (2066.54 µg g
-1

) followed by T5, Mg + Zn + 

B  plus tebuconazole  @ 0.1% (1554.00 µg g
-1

) whereas, lowest found in T12, 

PGPR mix II @ 20 g l
-1

 (509.93 µg g
-1

). 

 

4.2.2 Estimation of Ortho di-hydroxyphenol 

Defense related OD-phenol activity in banana leaves was recorded at different 

months viz; 4
th

 5
th

, and 6
th

. All the treatments imposed were not differing 

significantly in all the months. 

During the fourth month, the highest OD-phenol content recorded was 64.83 

µg g
-1

 (T7, Mg + Zn + B  plus propiconazole  @ 0.1%) followed by T3, Micronol 

@ 2 g  l
-1

  plus  propiconazole  @ 0.1% (50.00 µg g
-1

)  and the lowest was noticed 

in T13, absolute control (30 µg g
-1

). 
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Treatment 

Phenol content * (µg g-1 ) 

June         

(4th month) 

July          

(5th month) 
August   (6th 

month) 

T1  Micronol @ 2 g l-1 plus  tebuconazole @ 

0.1% 

1216.67 1448.33 cd 1133.33 

T2 Micronol @ 2 g l-1 plus copper hydroxide @ 

0.25% 

1099.18 1101.67 de 831.72 

T3 Micronol @ 2 g l-1 plus  propiconazole @ 

0.1%  

743.33 874.33 ef 776.17 

T4 Micronol @ 2 g l-1 plus PGPR mix II @ 20 

g l-1   

1177.50 852.00 ef 1272.33 

T5  Mg + Zn + B  plus tebuconazole @  0.1% 1725.00 2082.60 b 1554.00 

T6 Mg + Zn + B   plus copper hydroxide @ 

0.25%  

958.33 1129.29 de 889.83 

T7 Mg + Zn + B  plus propiconazole @ 0.1%  1710.00 2430.00 b 2066.54 

T8 Mg + Zn + B  plus  PGPR mix II @ 20 g l-1   800.00 968.00 e 949.00 

T9 Tebuconazole @ 0.1%   808.33 1692.33 c 853.33 

T10 Copper hydroxide  @ 0.25% 900.83 980.38 e 1271.59 

T11 Propiconazole @ 0.1%  1184.17 3705.17 a 1111.94 

T12 PGPR mix II @ 20 g l-1   600.00 555.00 f 509.93 

T13 Control  1050.83 1349.08 cd 1316.39 

 SE (±)  368.18 124.33 359.38 

 CD (0.05)  NS (362.91) NS 

Table 6. Effect of treatments on phenol content of banana infected with 

Sigatoka disease caused by Mycosphaerella musicola 

 

*Mean of three replications                                                                                                                               

***Figures followed by the same letter do not differ significantly according to two way ANOVA at P=0.05                       

NS : Non  significant 

 

 

  



 

 

During the fifth month, the highest OD-phenol content (30.83 µg g
-1

) was 

observed in T11, propiconazole @ 0.1% followed by T7, Mg + Zn + B plus 

propiconazole @ 0.1% (30.17 µg g
-1

). The lowest OD-phenol content (16.83 µg g
-

1
) was observed in absolute control. 

During the sixth month, the highest OD-phenol content was observed in T5, 

Mg + Zn + B plus tebuconazole @ 0.1% (65.00 µg g
-1

) followed by  T11, 

propiconazole  @ 0.1% (59.33 µg g
-1

). The lowest OD-phenol content observed in 

absolute control (40.00 µg g
-1

) (Table 7). 

 

4.2.3 Estimation of Chlorophyll content 

The result revealed that there was no significant difference between 

treatments. However, all the treatments recorded superior values over absolute 

control which was recorded the lowest chlorophyll content (1.2 µg g
-1

). The most 

favorable effect was for T5, Mg + Zn + B plus tebuconazole @ 0.1% (2.14 µg g
-1

) 

followed by T8, Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 (2.12 µg g
-1

).   

(Table 8). 

4.2.4 Estimation of Protein Content 

During the late vegetative stage, the total soluble protein content in banana 

leaves was estimated and the results are presented in Table 9. 

Though there was no significant variation among treatments, the highest 

protein content (12250 µg g
-1

) was noticed in absolute control whereas, the lowest 

was observed in case of T1, Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% 

(11156.67 µg  g
-1

). 

4.2.5 Estimation of Plant Secondary and Micro Nutrients 

One observation plant from each of the replication was identified for 

destructive sampling at bunch emergence stage to estimate the leaf nutrient 

content. The micronutrients such as Boron, Zinc and secondary nutrient such as 

Magnesium were chemically analyzed. The distal half portion of petiole was 

collected at bunch emergence stage and analyzed for their nutrient contents. 

(Table 10). 

56 



 

 

 

 

 

 

 

Treatment 

OD - Phenol content * (µg g-1 ) 

June         

(4th 

month) 

July          

(5th 

month) 

August   

(6th 

month) 

T1  Micronol @ 2 g l-1 plus  tebuconazole @ 0.1% 35.58 20.33 41.00 

T2 Micronol @ 2 g l-1 plus copper hydroxide @ 0.25% 41.83 27.00  51.00    

T3 Micronol @ 2 g l-1 plus  propiconazole @ 0.1%  43.58 30.00 56.67 

T4 Micronol @ 2 g l-1 plus PGPR mix II @ 20 g l-1   32.83 23.67 45.00 

T5  Mg + Zn + B  plus tebuconazole @  0.1% 47.92 27.83 59.33    

T6 Mg + Zn + B   plus copper hydroxide @ 0.25%  38.92 23.67 54.17 

T7 Mg + Zn + B  plus propiconazole @ 0.1%  50.00 30.17   56.67    

T8 Mg + Zn + B  plus  PGPR mix II @ 20 g l-1   41.00 23.67 40.50 

T9 Tebuconazole @ 0.1%   30.83 21.67 33.33 

T10 Copper hydroxide  @ 0.25% 38.92 20.67 47.83 

T11 Propiconazole @ 0.1%  64.83 30.83 65.00 

T12 PGPR mix II @ 20 g l-1   35.83 28.33 43.33 

T13 Control  30.00 16.83 40.00 

 SE (±)  13.66 7.00 11.28 

 CD (0.05)  NS NS NS 

Table 7. Effect of treatments on OD - phenol content of banana infected 

with Sigatoka disease caused by Mycosphaerella musicola 

 

*Mean of three replications                                                                                                                                                      

NS : Non  significant 

 

 

  



 

 

 

 

 

 

 

Treatment 
Chlorophyll 

content * (µg g
-1

) 

T1  Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% 1.79   

T2 Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25% 1.26 

T3 Micronol @ 2 g l
-1

 plus  propiconazole @ 0.1%  1.62 

T4 Micronol @ 2 g l
-1

 plus PGPR mix II @ 20  g l
-1

 1.77    

T5  Mg + Zn + B  plus tebuconazole @  0.1% 2.14 

T6 Mg + Zn + B   plus copper hydroxide @ 0.25%  1.64 

T7 Mg + Zn + B  plus propiconazole @ 0.1%  1.72 

T8 Mg + Zn + B  plus  PGPR mix II @ 20  g l
-1

 2.12 

T9 Tebuconazole @ 0.1%   1.71 

T10 Copper hydroxide  @ 0.25% 1.35 

T11 Propiconazole @ 0.1%  1.66 

T12 PGPR mix II @ 20  g l
-1

 1.72 

T13 Control  1.20 

 SE (±)  0.25 

 CD (0.05)  NS 

Table 8. Effect of treatments on chlorophyll content of banana infected 

with Sigatoka disease caused by Mycosphaerella musicola 

*Mean of three replications                                                                   

**Observations taken at bunch emergence stage                                                  

NS : Non  significant 

 

 

  



 

 

 

 

 

 

 Treatment    Protein content*(µg g-1) 

T1  Micronol @ 2 g l-1 plus  tebuconazole @ 0.1% 11156.67  

T2 Micronol @ 2 g l-1 plus copper hydroxide @ 0.25% 12243.05  

T3 Micronol @ 2 g l-1 plus  propiconazole @ 0.1%  11180.00  

T4 Micronol @ 2 g l-1 plus PGPR mix II @ 20  g l-1 12246.67 

T5  Mg + Zn + B  plus tebuconazole @  0.1% 11183.69 

T6 Mg + Zn + B   plus copper hydroxide @ 0.25%  12236.00  

T7 Mg + Zn + B  plus propiconazole @ 0.1%  12240.00 

T8 Mg + Zn + B  plus  PGPR mix II @ 20  g l-1 12242.00 

T9 Tebuconazole @ 0.1%   12215.00  

T10 Copper hydroxide  @ 0.25% 12233.33 

T11 Propiconazole @ 0.1%  11190.00 

T12 PGPR mix II @ 20  g l-1 12211.73 

T13 Control  12250.00 

 SE (±)  39.07 

 CD (0.05)  NS 

Table 9. Effect of treatments on protein content of Sigatoka disease of banana 

caused by Mycosphaerella musicola 

*Mean of three replications  

  

* Mean of three replications                                                                              

NS : Non  significant 

 

 

  



 

 

 

 

 

 

 Treatment 

Leaf nutrient content 

Magnesium 

content      

(%) 

Boron 

content 

(ppm) 

Zinc 

content 

(ppm) 

T1 Micronol @ 2 g l-1 plus  tebuconazole @ 0.1% 0.25 d   15.50 h 35.34  ab  

T2 Micronol @ 2 g l-1 plus copper hydroxide @ 0.25% 0.19 f 22.67 e 32.89 ab 

T3 Micronol @ 2 g l-1 plus  propiconazole @ 0.1%  0.19 f 21.70 f 35.58 ab   

T4 Micronol @ 2 g l-1 plus PGPR mix II @ 20 g l-1   0.29 c  23.60 d  36.23 a 

T5  Mg + Zn + B  plus tebuconazole @  0.1% 0.34 a  25.50  b 26.30 bcd 

T6 Mg + Zn + B   plus copper hydroxide @ 0.25%  0.31 b 24.43 c   29.07  abc 

T7 Mg + Zn + B  plus propiconazole @ 0.1%  0.31 b   24.00 cd  27.17 abcd 

T8 Mg + Zn + B  plus  PGPR mix II @ 20 g l-1   0.35 a 72.77 a  30.43 abc 

T9 Tebuconazole @ 0.1%   0.18 f 14.70 i 20.87 cd 

T10 Copper hydroxide  @ 0.25% 0.14 g 13.50  j   18.40  d 

T11 Propiconazole @ 0.1%  0.09 h 14.67 i   26.10 bcd 

T12 PGPR mix II @ 20 g l-1   0.22 e 19.00 g  27.57 abcd 

T13 Control  0.08  h 12.20  k 18.37 d 

 SE (±)  0.01 2.49 3.32 

 CD (0.05)  (0.04) (7.27) (9.68) 

Table 10. Effect of treatments on leaf nutrient content of banana Sigatoka 

disease caused by Mycosphaerella musicola 

 

*Mean of three replications           **Observations taken at bunch emergence stage  

***Figures followed by the same letter do not differ significantly according to two way ANOVA at P=0.05 

 

 

  

 



 

 

The plant samples were analyzed for micro nutrient, boron to find out the 

influence of Boron content on Sigatoka leaf spot disease of banana. It was 

observed there was a significant difference between the treatments with respect to 

boron content. 

Among treatments, the boron content varied within a range from 13.50 ppm to 

72.77 ppm. The highest boron content (72.77 ppm) was obtained in case of  T8 - 

Mg + Zn + B plus PGPR mix II @ 20 g l
-1

 and the lowest (12.20 ppm) was for 

T13 - absolute control. The performance of treatments are in the order viz., T5 - 

Mg + Zn + B  plus tebuconazole @ 0.1% (25.50 ppm), T6 - Mg + Zn + B   plus 

copper hydroxide @ 0.25% (24.43 ppm) , T7 - Mg + Zn + B  plus propiconazole 

@ 0.1% (24.00 ppm) , T4 - Micronol @ 2 g l
-1

 plus PGPR mix II @ 20 g l
-1

 

(23.60 ppm) , T2 - Micronol @ 2 g l
-1

   plus copper hydroxide @ 0.25% (22.67 

ppm),  T3 - Micronol @ 2 g l
-1

  plus  propiconazole @ 0.1% (21.70 ppm) , T12 - 

PGPR mix II @ 20 g l
-1

 (19.00 ppm),  T1 - Micronol @ 2 g l
-1

 plus  tebuconazole 

@ 0.1% (15.50 ppm), T9 – tebuconazole @ 0.1% (14.70 ppm), T11 - 

propiconazole  @ 0.1% (14.67 ppm) and T10 - copper hydroxide @ 0.25% (13.50 

ppm). The plant samples were estimated for zinc content to check out the 

influence of zinc content on Sigatoka leaf spot disease of banana. It was found 

that, there was a significant variation among the treatments. 

The treatment, T4 - Micronol @ 2 g l
-1

   plus PGPR mix II @ 20 g l
-1

 

recorded the highest zinc content (36.23 ppm) followed by T3 - Micronol @ 2      

g l
-1

 plus  propiconazole @ 0.1% (35.58 ppm),  T1 - Micronol @ 2 g l
-1

 plus  

tebuconazole @ 0.1% (35.34 ), T2 - Micronol @ 2 g l
-1

 plus copper hydroxide @ 

0.25% (32.89 ppm), T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 (30.43 

ppm), T6 - Mg + Zn + B   plus copper hydroxide @ 0.25% (29.07 ppm), T12 - 

PGPR mix II @ 20 g l
-1

 (27.57 ppm), T7 - Mg + Zn + B  plus propiconazole @ 

0.1% (27.17 ppm), and these treatments were on par with each other. The 

remaining treatments are in the following order viz., T5 - Mg + Zn + B plus 

tebuconazole @ 0.1% (26.30 ppm), T11 - propiconazole @ 0.1% (26.10 ppm), T9 

- tebuconazole @ 0.1% (20.87 ppm) and T10 - copper hydroxide @ 0.25% (18.40 

ppm).  The lowest zinc content (18.37 ppm) was noticed in T13, untreated check. 
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The leaf samples were used to estimate the secondary nutrient content, 

magnesium to find out the influence of Magnesium content on the intensity of 

Sigatoka leaf spot disease of banana. It was found that there exists a significant 

difference between the treatments imposed with respect to the Mgcontent. 

The maximum magnesium content (0.35%) was noticed in T8 - Mg + Zn + 

B  plus  PGPR mix II @ 20 g l
-1

 which was on par with  T5 - Mg + Zn + B  plus 

tebuconazole @ 0.1% (0.34%), followed by T6 - Mg + Zn + B   plus copper 

hydroxide @ 0.25% and T7 - Mg + Zn + B  plus propiconazole @ 0.1% with each 

of 0.31%,  T4 - Micronol @ 2 g l
-1

  plus PGPR mix II @ 20 g l
-1

 (0.29%), T1 - 

Micronol plus tebuconazole @ 0.1% (0.25%),  T12 - PGPR mix II @ 20 g l
-1

 

(0.22%), T2 - Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25% and T3 - 

Micronol @ 2 g l
-1

  plus  propiconazole @ 0.1% with each of 0.19%, T10 - copper 

hydroxide @ 0.25% (0.19%), T3 - Micronol @ 2 g l
-1

 plus  propiconazole @ 0.1% 

(0.19%), T9 - tebuconazole @ 0.1% (0.18%),  T10 - copper hydroxide @ 0.25% 

(0.14%) and T11 - propiconazole  @ 0.% (0.09%). All the treatments performed 

better than absolute control having Magnesium content of 0.08%. 

4.3 BIOMETRIC OBSERVATIONS 

4.3.1 Effect of Treatments on Growth Characters 

Plant growth characteristics viz., height of the plant, girth of the plant, 

number of leaves, number of functional leaves etc recorded were statistically 

analyzed and the results are presented hereunder. 

 

4.3.1.1 Height of the Plant (m) 

Average height of the banana plants recorded from each of the replication 

at the time of harvest and the results are given in Table 11. The perusal of the data 

revealed that the different treatments had any significant difference on plant 

height. Though not significantly different, the maximum plant height (2.5 m) was 
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Treatment 
Plant height 

* (m) 

T1  Micronol @ 2 g l-1 plus  tebuconazole @ 0.1% 2.37 

T2  Micronol @ 2 g l-1 plus copper hydroxide @ 0.25% 1.96 

T3 
 Micronol @ 2 g l-1 plus  propiconazole @ 0.1%  2.11 

T4  Micronol @ 2 g l-1 plus PGPR mix II @ 20  g l-1 2.36 

T5  Mg + Zn + B  plus tebuconazole @  0.1% 2.50 

T6  Mg + Zn + B   plus copper hydroxide @ 0.25%  1.84 

T7  Mg + Zn + B  plus propiconazole @ 0.1%  2.16 

T8  Mg + Zn + B  plus  PGPR mix II @ 20  g l-1 2.42 

T9  Tebuconazole @ 0.1%   2.26 

T10  Copper hydroxide  @ 0.25% 2.01 

T11 Propiconazole @ 0.1%  2.08 

T12 PGPR mix II @ 20  g l-1 2.19 

T13 Control  1.68 

 

SE (±)  0.17 

 

CD (0.05)  NS 

Table 11.  Effect of treatments on plant height of banana plants with Sigatoka 

disease caused by Mycosphaerella musicola 

*Mean of three replications 

 NS : Non  significant 

 



 

 

 

recorded in case of Mg + Zn + B plus tebuconazole @ 0.1% and the 

lowest was recorded by absolute check (1.68 m). All the treatments recorded 

better plant height than control. 

 

4.3.1.2 Girth of the Plant (cm) 

Average girth of the banana plants recorded from each of the replication at 

the time of harvest and the results are given in Table 12. The perusal of the data 

revealed that the different treatments did not cause significant variation in plant 

girth.  However, the highest value was 54.67 cm obtained in case of Mg + Zn + B  

plus tebuconazole @ 0.1%  and the lowest value(45.67 cm) recorded by absolute 

control. 

 

4.3.1.3 Number of Leaves 

The observations on effect of different treatments on the total number of 

leaves were recorded. Observations included one pre treatment observation and 

six post treatment observations. 

The first pre treatment observation was taken during June. The following 

are the post treatment observations  viz; July, August, September, October, 

November and December 2013 were carried out and the results are presented in 

Table 13. 

During the pre treatment observation (June), there was no significant 

difference among the experimental plants with respect to number of leaves. 

The first post treatment observation (July) implies that the treatments did 

not showed significant difference between them. The maximum number of leaves 

(13.33) was noticed in T7 - Mg + Zn + B plus propiconazole @ 0.1% and the 

minimum was found in untreated check (10.67). 

During the second post treatment observation (August) also, none of the 

treatments varied significantly. T3 - Micronol @ 2 g l
-1

 plus propiconazole @ 

0.1% (14.00) and the minimum was recorded by T13, untreated check (11.67). 

*Mean of three replications  
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Treatment 
Plant girth * 

(cm) 

T1  Micronol @ 2 g l-1 plus  tebuconazole @ 0.1% 48.33 

T2  Micronol @ 2 g l-1 plus copper hydroxide @ 0.25% 46.33 

T3 
 Micronol @ 2 g l-1 plus  propiconazole @ 0.1%  47.67 

T4  Micronol @ 2 g l-1 plus PGPR mix II @ 20 g l-1 49.00 

T5  Mg + Zn + B  plus tebuconazole @  0.1% 54.67 

T6  Mg + Zn + B   plus copper hydroxide @ 0.25%  47.00 

T7  Mg + Zn + B  plus propiconazole @ 0.1%  49.67 

T8  Mg + Zn + B  plus  PGPR mix II @ 20 g l-1 52.33 

T9  Tebuconazole @ 0.1%   49.67 

T10  Copper hydroxide  @ 0.25% 49.00 

T11  Propiconazole @ 0.1%  49.00 

T12  PGPR mix II @ 20 g l-1 50.00 

T13  Control  45.67 

  SE (±)  2.58 

  CD (0.05)  NS 

Table 12. Effect of treatments on plant girth of banana plants with Sigatoka 

disease caused by Mycosphaerella musicola 

*Mean of three replications 

 NS : Non  significant 

 



 

 

 

   

 

 

Treatment 

Number of leaves* 

June  July Aug  Sept Oct Nov  Dec  

T1  Micronol @ 2 g l-1 plus  tebuconazole @ 0.1% 12.33  11.33  13.00  15.33a  14.67 abc  13 .00ab  10.33 cd  

T2 Micronol @ 2 g l-1 plus copper hydroxide @ 0.25% 10.67  12.67  12.67  13.33 de  13.00 e 12.00 de  10.33 cd  

T3 Micronol @ 2 g l-1 plus  propiconazole @ 0.1%  12.67  12.33  14.00  13.00 e 13.67 de 13.33 a  10.33 cd 

T4 Micronol @ 2 g l-1 plus PGPR mix II @ 20 g l-1   11.67  12.00  12.33  15.00 ab 15.33 a 13 .00ab 11.33 a 

T5  Mg + Zn + B  plus tebuconazole @  0.1% 10.67  11.00  13.67  14.00 c 14.33 bc 11.67 e 10.00 de 

T6 Mg + Zn + B   plus copper hydroxide @ 0.25%  10.67  11.67  13.00  13.67 cd  14.33 bc  12.00 de  10.00 de  

T7 Mg + Zn + B  plus propiconazole @ 0.1%  11.33  13.33  13.67  13.33 de  14.00 cd  11.33 f  9.00 f  

T8 Mg + Zn + B  plus  PGPR mix II @ 20 g l-1   10.67  11.00  13.33  15.00 ab 14.67 abc 12.33 cd  11.00 ab 

T9 Tebuconazole @ 0.1%   11.33  11.67  12.67  14.67 b 15.00 ab  12.33 cd  9.67  e  

T10 Copper hydroxide  @ 0.25% 10.33  11.67  13.33  13.33 de  13.00 e  12.33  cd 10.33 cd  

T11 Propiconazole @ 0.1%  12.33  13.00  12.33  12.67 f  12.67 e  12.00 de  10.67 bc  

T12 PGPR mix II @ 20 g l-1   11.33  11.00  13.33  15.00 ab 14.33  bc   12.67 bc 10.33 cd   

T13 Control  10.67  10.67  11.67  12.00  g 11.33 f 9.00 f  6.00 g  

 SE (±)  0.6  0.72  0.96  0.64  0.71  0.39  0.54  

 CD (0.05)  NS  NS  NS  (1.86)  (2.06)  (1.15)  (1.59)  

*Mean of three replications  

  

*Mean of three replications     

 ***Figures followed by the same letter do not differ significantly according to two way ANOVA at P=0.05     NS : Non  significant 

 

 

Table 13. Effect of treatments on number of leaves of banana Sigatoka disease caused by Mycosphaerella musicola 



 

 

In the third post treatment observation taken during the month September, 

there was a significant difference with respect to the number of leaves. T1 - 

Micronol @ 2 g l
-1

 plus tebuconazole @ 0.1% (15.33) found to be the best 

treatment for the number of leaves which was on par with T4 - Micronol @ 2 g l
-1

   

plus PGPR mix II @ 20 g l
-1

, T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 and 

T12 - PGPR mix II @ 20 g l
-1 

with a value of 15. The performance of remaining  

treatments are in the following order viz., T9 - tebuconazole @ 0.1% (14.67),  T5 

- Mg + Zn + B  plus tebuconazole @ 0.1% (14.00), T6 - Mg + Zn + B   plus 

copper hydroxide @ 0.25% (13.67), T2 - Micronol @ 2 g l
-1

 plus copper 

hydroxide @ 0.25%, T7 - Mg + Zn + B  plus propiconazole @ 0.1% and T10 - 

copper hydroxide @ 0.25% with a value of 13.33, T3 - Micronol @ 2 g l
-1

 plus 

propiconazole  @ 0.1% (13.00) and T11- propiconazole  @ 0.1% (12.67). All 

treatments performed better than absolute control, having the minimum number of 

leaves (12.00). 

During the fourth post treatment observation (October), the experimental 

results revealed that, T4 - Micronol @ 2 g l
-1

 plus PGPR mix II @ 20 g l
-1

 (15.33) 

recorded as superior among the treatments. The lowest value observed in the 

absolute control (11.33). All the treatments were significantly different from 

control. The performance  of the remaining treatments are in the following order 

viz., T9 - tebuconazole @ 0.1% (15.00), T1 - Micronol @ 2 g l
-1

 plus  

tebuconazole @ 0.1% and T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 with a 

value of 14.67,  T5 - Mg + Zn + B  plus tebuconazole @ 0.1%, T6 - Mg + Zn + B   

plus copper hydroxide @ 0.25% and T12 - PGPR mix II @ 20 g l
-1

 with each of 

14.33, T2 - Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25% and T10 - copper 

hydroxide @ 0.25% with each of 13.00 and T11 - propiconazole  @ 0.1% (12.67). 

During the fifth post treatment observation (November), it was found that 

the treatments had a significant difference. Among them, T3 - Micronol @ 2 g l
-1

 

plus propiconazole @ 0.1% (13.33) had maximum number of leaves which was 

on par with T1 - Micronol @ 2 g l
-1

 plus tebuconazole @ 0.1% and T4 - Micronol 

@ 2 g l
-1

   plus PGPR mix II @ 20 g l
-1

 with each of 13.00 and T1 - Micronol @ 2 
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g l
-1

 plus tebuconazole @ 0.1 % (13.00). The lowest was found in absolute control 

(9.00). All the treatments were found to be better than control viz., T12 - PGPR 

mix II @ 20 g l
-1

 (12.67), T8 - Mg + Zn + B  plus  PGPR @ 20 g l
-1

,                   

T9 - tebuconazole @ 0.1% and T10 - copper hydroxide @ 0.25% with each of 

12.33,  T2 - Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25%, T6 - Mg + Zn + 

B   plus copper hydroxide @ 0.25 % and T11 - propiconazole  @ 0.1 % with a 

value of 12.00, T5 - Mg + Zn + B  plus tebuconazole @ 0.1% (11.67) and T7 - 

Mg + Zn + B  plus propiconazole  @ 0.1% (11.33). 

During the last observation (December), T4 - Micronol @ 2 g l
-1

 plus PGPR 

mix II @ 20 g l
-1

 1itre recorded the maximum number of leaves (11.33) and which 

was on par with  T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 (11.00) 

followed by T11 - propiconazole @ 0.1% (10.67), T1 - Micronol @ 2 g l
-1

 plus  

tebuconazole @ 0.1%, T2 - Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25%, 

T3 - Micronol @ 2 g l
-1

 plus  propiconazole @ 0.1%, T10 - copper hydroxide @ 

0.25% and PGPR mix II @ 20 g l
-1

 with a value of 10.33,  T5 - Mg + Zn + B  plus 

tebuconazole @ 0.1% and T6 - Mg + Zn + B   plus copper hydroxide @ 0.25%  

with each of 10.00, T9 - tebuconazole @ 0.1% (9.67) and T7 - Mg + Zn + B  plus 

propiconazole  @ 0.1% (9.00). All the treatments were significantly superior to 

control which recorded for minimum number of leaves (6.00). 

The overall performance of the treatments indicated that the treatments T1 

(Micronol @ 2 g l
-1

 plus tebuconazole @ 0.1%), T3 (Micronol @ 2 g l
-1

 plus  

propiconazole  @ 0.1%), T4 (Micronol @ 2 g l
-1

 plus PGPR @ 20 g l
-1

),  T9 

(tebuconazole @ 0.1%) and T12 (PGPR @ 20 g l
-1

) were found to be the best and 

recorded the maximum number of  leaves during September, October, November 

and December. 

 

4.3.1.4 Number of Functional Leaves 

The observations on effect of different treatments on the total number of 

functional leaves were recorded. Observations included one pre treatment 

observation and six post treatment observations. 
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The first pre treatment observation was taken during June. The following 

are the post treatment observations viz; July, August, September, October, 

November and December 2013 and the results are presented in Table 14. 

Different treatments didn‟t cause significant variation in number of 

functional leaves except the last two observations. 

During the pre treatment observation (June), there was no significant 

difference among the experimental plants with respect to number of functional 

leaves. 

In the first post treatment observation (July), the number of functional 

leaves was observed to vary significantly among treatments. T5 - Mg + Zn + B  

plus tebuconazole @ 0.1% recorded as best treatment with maximum number of 

functional leaves (11.33), followed by T3 - Micronol @ 2 g l
-1

  plus  

propiconazole  @ 0.1% (11.30), T2 - Micronol @ 2 g l
-1

 of water  plus copper 

hydroxide @ 0.25%, T6 - Mg + Zn + B   plus copper hydroxide @ 0.25% and    

T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 with each of 11.00,                    

T1 - Micronol @ 2 g l
-1

  plus  tebuconazole @ 0.1% and T11 - propiconazole  @ 

0.1%  with a value of 10.67, T7 - Mg + Zn + B  plus propiconazole  @ 0.1%,     

T9 - tebuconazole @ 0.1%, T10 - copper hydroxide @ 0.25% and T12 - PGPR 

mix II @ 20 g l
-1

 with each of 10.00, T4 - Micronol @ 2 g l
-1

 of water  plus PGPR 

mix II @ 20 g l
-1

 (9.67). However, all the treatments were significantly superior to 

the absolute control, which recorded minimum number of functional leaves 

(7.00). 

In the second observation (August), the treatments didn‟t show significant 

variation in number of functional leaves. However, T1 - Micronol @ 2 g l
-1

 plus 

tebuconazole @ 0.1% and T8 - Mg + Zn + B plus PGPR mix II @ 20 g l
-1

 

recorded the maximum number of functional leaves (11.67). The minimum 

number of functional leaves (9.33) was noticed in case of control. However, all 

the treatments performed better than absolute control. 
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Treatment 

Number of functional leaves* 

June July Aug Sept Oct Nov Dec 

T1  Micronol @ 2 g l-1 plus  tebuconazole @ 0.1% 11.66 10.67 
ab 

11.67 13.33 12.00 11.00 
ab 

8.33 a 

T2 Micronol @ 2 g l-1 plus copper hydroxide @ 

0.25% 

10.33 11.00 a 10.33 10.67 11.67 10.67 b 8.33 a 

T3 Micronol @ 2 g l-1 plus  propiconazole @ 0.1%  12.33 11.30 a 11.33 11.33 11.33 10.33 
bc 

8.67 a 

T4 Micronol @ 2 g l-1 plus PGPR mix II @ 20 g l-1   10.33 9.67 b 10.33 9.67 10.00 9.33 d 9.00 a 

T5  Mg + Zn + B  plus tebuconazole @  0.1% 10.33 11.33 a 11.00 12.33 13.00 10.67 b 9.00 a 

T6 Mg + Zn + B   plus copper hydroxide @ 0.25%  10.67 11.00 a 10.00 10.33 11.00 10.67 b 8.33 a 

T7 Mg + Zn + B  plus propiconazole @ 0.1%  10.67 10.00 b 10.67 11.67 11.67 9.33 d 7.67 b 

T8 Mg + Zn + B  plus  PGPR mix II @ 20 g l-1   10.33 11.00 a 11.67 11.33 11.00 11.33 a 9.00 a 

T9 Tebuconazole @ 0.1%   10.33 10.00 b 11.00 12.33 12.33 10.33 bc 8.33 a 

T10 Copper hydroxide  @ 0.25% 10.00 10.00 b 11.00 11.00 11.33 11.00 
ab 

8.33 a 

T11 Propiconazole @ 0.1%  10.67 10.67 
ab 

10.67 11.33 10.67 10.00 c 8.33 a 

T12 PGPR mix II @ 20 g l-1   10.33 10.00 b 10.00 10.67 10.67 11.00 
ab 

8.67 a 

T13 Control  10.00 7.00 c 9.33 9.30 9.33 7.33 e 4.33 c 

 SE (±)  0.64 0.71 0.63 0.82 0.76 0.65 0.73 

 CD (0.05)  NS (2.07) NS NS NS (1.9) (2.14) 

Table 14.  Effect of treatments on number of functional leaves of banana  

*Mean of three replications   

***Figures followed by the same letter do not differ significantly according to two way ANOVA at P=0.05      

 NS : Non  significant 

 



 

 

In the third observation (September) also it was observed that, the 

treatments had no significant variation between them, with maximum value of 

12.33 by combination treatment, T5 - Mg + Zn + B plus tebuconazole @ 0.1% 

and fungicide alone treatment, T9 - tebuconazole @ 0.1%. The lowest value 

obtained by control (9.30). All the treatments were performed better than absolute 

control. 

During the fourth observation (October), it was observed that the treatments 

had no significant difference between them. T5 - Mg + Zn + B plus tebuconazole 

@ 0.1% produced maximum number of functional leaves (13.00) and minimum 

(9.33) was found in case of control. 

Regarding the fifth observation (November), a significant difference could 

be noticed among the treatments. The maximum number of functional leaves 

recorded with T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 (11.33) which was 

found to be on par with T1 - Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% ,   

T10 - copper hydroxide @ 0.25% and T12 - PGPR mix II @ 20 g l
-1

 with a value 

of 11.00, T2 - Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25%, T5 - Mg + Zn 

+ B  plus tebuconazole @ 0.1% and T6 - Mg + Zn + B   plus copper hydroxide @ 

0.25% with each of 10.67, T3 - Micronol @ 2 g l
-1

 plus  propiconazole @ 0.1% 

and T9 - tebuconazole @ 0.1% with 10.33, T4 - Micronol @ 2 g l
-1

  plus PGPR 

mix II @ 20 g l
-1

 and T7 - Mg + Zn + B  plus propiconazole  @ 0.1%  with 9.33. 

The lowest number of functional leaves was noticed in T13, absolute control 

(7.33) and all the treatments were significantly superior over the same. 

During the last observation (December), there could be noticed a significant 

difference among them. The maximum number of functional leaves was recorded 

in T5 - Mg + Zn + B plus tebuconazole @ 0.1% and T8 - Mg + Zn + B  plus  

PGPR mix II @ 20 g l
-1

 having a value 9.00. Except T7 - Mg + Zn + B  plus 

propiconazole @ 0.1%, all the remaining treatments were on par viz.,                  

T1 - Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1%, T2 - Micronol @ 2 g l
-1

 plus 

copper hydroxide @ 0.25% , T3 - Micronol @ 2 g l
-1

 plus  propiconazole  @ 

0.1%, T4 - Micronol @ 2 g l
-1

 plus PGPR @ 20 g l
-1

, T6 - Mg + Zn + B   plus 

copper hydroxide @ 0.25% , T9 - tebuconazole @ 0.1% , T10 - copper hydroxide 
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@ 0.25%, T11 - propiconazole  @ 0.1% and T12 - PGPR @ 20 g l
-1

. The number 

of functional leaves recorded in case of T7 - Mg + Zn + B plus propiconazole @ 

0.1% was 7.67. The lowest number of functional leaves was found in absolute 

control (4.33). 

The concise analysis of the results indicated that the treatments T1 

(Micronol @ 2 g l
-1

 plus tebuconazole (0.1%) and T8 (Mg + Zn + B plus PGPR @ 

20 g l
-1

) were found to be the best and recorded the maximum number of 

functional leaves during July, November and December. 

4.3.2 Effect of Treatments on Yield Parameters 

4.3.2.1 Effect of Treatments on Time of Bunch Emergence 

The comparison of the average time taken for bunch emergence from the 

respective treatments showed that there was no significant difference between any 

of the treatments. However, the shortest period or number of days taken for bunch 

emergence was observed in the combination of treatment T5, Mg + Zn + B plus 

tebuconazole @ 0.1% (218.33) whereas the longest time period for bunch 

emergence was observed in absolute control (267). The results are presented in 

Table 15. 

 

4.3.2.2 Effect of Treatments on Time of Bunch Maturity 

The number of days up to harvest was recorded to check whether the 

treatments had any influence on the same. 

While the average time for bunch  maturity of each treatments were  

compared, it was found that shortest number of days or period for bunch maturity 

was observed in the combination treatment T5 - Mg + Zn + B  plus tebuconazole 

@ 0.1%  (297.55) which was statistically on par with all other treatments. 

Maximum number of days for bunch maturity was observed in absolute control 

(358.01). (Table 15). 
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Treatment 

Yield 

per 

plant 

* (kg) 

No: 

of 

hands 

* 

Fingers 

per 

bunch 

(no:) * 

Suckers 

(no:) * 

Time of 

bunch 

emergence 

(days)* 

Time of bunch maturity 

(days) * 

T1  Micronol @ 2 g l-1 plus  

tebuconazole @ 0.1% 

10.98  
abc 

5.67 48.33 4.33 229.67  311.67 

T2 Micronol @ 2 g l-1 plus 

copper hydroxide @ 0.25% 

9.77 
bc 

5.33 43.00 4.33 235.00 319.51 

T3 Micronol @ 2 g l-1 plus  

propiconazole @ 0.1%  

10.56 
abc 

5.67 47.67 4.00 235.00 319.51 

T4 Micronol @ 2 g l-1 plus 

PGPR mix II @ 20 g l-1   

10.59 
abc 

5.67 43.33 3.67 225.67  306.16  

T5  Mg + Zn + B  plus 

tebuconazole @  0.1% 

12.63 
a 

5.67 52.00 5.33 218.33 297.55 

T6 Mg + Zn + B   plus copper 

hydroxide @ 0.25%  

9.42 
bcd 

5.67 43.67  4.67 241.33 327.42 

T7 Mg + Zn + B  plus 

propiconazole @ 0.1%  

11.03 

abc 

5.67 49.00 4.67 228.00 309.73 

T8 Mg + Zn + B  plus  PGPR 

mix II @ 20 g l-1   

11.85 
ab 

5.67 50.67 5.33 218.67 298.05 

T9 Tebuconazole @ 0.1%   9.97 
bc 

5.33 46.33  4.67 225.33   305.68 

T10 Copper hydroxide  @ 0.25% 9.27 
cd 

5.00 41.33 3.67 231.00 313.86  

T11 Propiconazole @ 0.1%  11.08 
abc 

5.33 49.33 4.67 222.67  302.73  

T12 PGPR mix II @ 20 g l-1   10.78 
abc 

5.67 48.33 4.33 234.67  317.67  

T13 Absolute control  6.99 d 5 41.00 3.33 267.00 358.01 

 SE (±)  0.86 0.272 3.15 0.768 10.77 15.55 

 CD (0.05)  (2.51) NS NS NS NS NS 

Table 15. Effect of treatments on yield charecters in the Sigatoka leaf spot disease infected banana plants cv. Nendran   

*Mean of three replications 

   ***Figures followed by the same letter do not differ significantly according to two way ANOVA at P=0.05  

   NS : Non  significant 

 

 



 

 

4.3.2.3 Effect of Treatments on Yield of Banana 

The average fruit yield plant 
-1

 is presented in Table 15. The results revealed 

that, all the treatments were significantly superior over control in order to increase 

the yield. The mean bunch weight ranged from 12.63 kg to 6.99 kg per plant. 

The maximum bunch weight (12.63 kg) was obtained from the combination 

treatment T5, Mg + Zn + B  plus tebuconazole @ 0.1% (Plate.4) followed by 

combination treatment T8, Mg + Zn + B plus PGPR  @ 20 g l
-1

 (11.85 kg) 

(Plate.5) which were on par and superior than the other six treatments such as  

T11 - propiconazole  @ 0.1%  (11.08 kg),   T7 - Mg + Zn + B  plus propiconazole   

@ 0.1%  (11.03 kg), T1 - Micronol @ 2 g l
-1

  plus tebuconazole @ 0.1% (10.98 

kg), T12 - PGPR mix II @ 20 g l
-1

 alone (10.78 kg), T4 - Micronol @ 2 g l
-1

 plus 

PGPR mix II @ 20 g l
-1

 (10.59 kg)  and T3 - Micronol @ 2 g l
-1

 plus  

propiconazole  @ 0.1% (10.56 kg) and was followed by T9 - tebuconazole @ 

0.1% (9.97 kg), T2 - Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25% (9.77 

kg), T6 - Mg + Zn + B   plus copper hydroxide @ 0.25% (9.42 kg) and copper 

hydroxide @ 0.25% (9.27 kg). However, all the treatments were superior over 

control. The lowest bunch weight (6.99 kg) was recorded in control (Plate.6). 

4.3.2.4 Effect of Treatments on Number of Hands per Bunch 

On comparison of the maximum number of hands per bunch representing 

each treatment, it was found that there was no significant difference between 

treatments. (Table 15). 

The minimum number of hands per bunch was obtained in untreated check 

(5). The maximum number of hands (5.67) was found in eight treatments viz.,    

T1 - Micronol @ 2 g l
-1 

plus tebuconazole (0.1%), T3 - Micronol @ 2 g l
-1 

plus  

propiconazole  (0.1%), T4 - Micronol @ 2 g l
-1 

plus PGPR @ 20 g l
-1

, T5 - Mg + 

Zn + B  plus tebuconazole (0.1%) , T7 - Mg + Zn + B  plus propiconazole  @ 

0.1% , T8 - Mg + Zn + B  plus  PGPR @ 20 g l
-1

, T11 - propiconazole  @ 0.1% 

and T12 - PGPR mix II @ 20 g l
-1

. 
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4.3.2.5 Effect of Treatments on Number of Fingers per Bunch 

Comparison of average number of fingers per bunch of each treatments 

from the statistical analysis it was found that there were no significant difference 

between treatments. However, the most favorable effect was found in, T5 - Mg + 

Zn + B plus tebuconazole (0.1%) (52.00) followed by T8 - Mg + Zn + B plus 

PGPR mix II @ 20 g l
-1

 (50.67). The lowest number of fingers was found in 

untreated check (41.00). (Table 15). 

4.3.2.6 Effect of Treatments on Number of Suckers 

The experimental results on number of suckers (Table 15) revealed no 

significant influence on the sucker production. However, the maximum number of 

sucker was observed in T5 - Mg + Zn + B plus tebuconazole @ 0.1% (5.33) and 

T8 - Mg + Zn + B plus PGPR mix II @ 20 g l
-1

 (5.33) in comparison with the 

T13, absolute control (3.33). 

4.4 WEATHER PARAMETERS STUDIES 

4.4.1 Correlation Studies on the Influence of Weather Parameters on the 

Intensity and Incidence of Sigatoka Disease of Banana Caused by 

Mycosphaerella musicola 

The parameters such as maximum and minimum temperature, maximum and 

minimum relative humidity, rainfall, evaporation, sunshine hours prevailing in the 

field at the time of field trials were correlated with disease intensity (disease 

index) and disease incidence so as to study the influence of meteorological factors 

on the development of Sigatoka leaf spot disease caused by Mycosphaerella 

musicola (yellow Sigatoka) of banana. 

The statistical analysis of correlation studies revealed that, the disease was 

influenced by almost all the factors of weather viz., Temperature (minimum), 

Relative Humidity (maximum and minimum), Rainfall and Evaporation. Both the 
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disease intensity and incidence showed a significant correlation with all the above 

factors. 

It was found that, the minimum temperature, minimum relative 

humidity and evaporation showed a negative correlation with the disease intensity 

and disease incidence whereas, maximum relative humidity and rainfall showed a 

significant positive correlation with respect to disease intensity and disease 

incidence at 0.05% level of significance. The results are showed in Table16. 

At 0.05% level (0.404), the minimum temperature was negatively        

(-0.643) correlated with disease intensity as well as disease incidence (-0.527). 

Statistically, the influence of minimum relative humidity was -0.506 with respect 

to disease intensity and it was -0.554 with respect to disease incidence at 0.05% 

level of significance. Also, evaporation showed the inverse relation with disease 

intensity (-0.578) and with disease incidence (-0.500). 

There was a positive correlation of maximum relative humidity (0.679) 

and rainfall (0.549) with disease intensity at 0.05% level (0.404) of significance. 

Also, the same parameters are positively correlated with disease incidence with 

values of 0.610 and 0.542 respectively. Therefore it can be inferred that high 

relative humidity and rainfall contributes to increases in disease incidence and 

disease intensity. 

4.5 ECONOMIC ANALYSIS 

The economics of cultivation was worked out in terms of input cost, labour 

charges and treatment cost and is given in appendix IV and V. 

The economic analysis was worked out in terms of both net income and 

BCR and is presented in Table 17. 

The results revealed that the lowest cost of cultivation (4,76,378 Rs.ha
-1

) 

was for T13 (Control) followed by T9- tebuconazole @ 0.1% (5,10,290 Rs.ha
-1

),  

T11- propiconazole @ 0.1% (5,10,618 Rs.ha
-1

), T10- copper hydroxide  @ 0.25% 

(5,10,868 Rs.ha
-1

),  T6 - Mg + Zn + B   plus copper hydroxide @ 0.25% (5,12,340 
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Parameters  

 

Max 

Temp  

 

Min 

Temp.  

 

max. 

RH  

 

min. 

RH  

 

Rainfall 

(mm)  

 

Evaporation 

(mm)  

 

Sunshine 

hours  

 

Disease 

intensity  

-0.143 -0.643* 0.679* -0.506 0.549* -0.578* -0.304 

 

Disease  

incidence  

0.0379 -0.527* 0.610* 
-

0.554* 
0.542* -0.500* -0.216 

Table 16. Correlation studies on the influence of various weather parameters on the intensity and incidence  of  banana Sigatoka disease 

caused by Mycosphaerella musicola 

 

*Correlation coefficient at 0.05 % level= 0.404  

 

 

 



 

 

Table 17.  Economic analysis 

Treatments Cost of cultivation 

(Rs.ha-1) 

Income (Rs. ha-1) 

(Fruits : Rs. 30 / Kg 

Suckers : Rs. 7/ sucker) 

Net profit 

(Rs.ha-1) 

B:C ratio 

T1 512990 /- Fruits : 823500 /- 

Suckers : 70000 /- 

Total  :  893500 /- 

380510 /- 1.74 

T2 513030 /- Fruits : 732750 /- 

Suckers : 70000 /- 

Total  : 802750 /- 

289720 /- 1.56 

T3 518960 /- Fruits : 792000/- 

Suckers : 70000/- 

Total  : 862000 /- 

343040 /- 1.66 

T4 512880 /- Fruits : 794250 /- 

Sucker : 52500 /- 

Total  : 846750 /- 

333870 /- 1.65 

T5 947250 /- Fruits : 947250 /- 

Sucker : 87500 /- 

Total  : 1034750 /- 

519260 /- 2.01 

T6 512340 /- Fruits : 706500 /- 

Sucker : 70000 /- 

Total  : 776500 /- 

264160 /- 1.52 

T7 512590 /- Fruits : 827250 /- 

Sucker : 70000 /- 

Total  : 897250 /- 

384660/- 1.75 

T8 518896 /- Fruits : 888750 /- 

Sucker : 87500/- 

Total  : 976250/- 

457354 /- 1.88 

T9 510290 /- Fruits : 747750 /- 

Sucker : 70000/- 

Total  : 817750/- 

307460 /- 1.60 

T10 510868 /- Fruits : 695250/- 

Sucker : 52500/- 

Total  : 747750/- 

236882 /- 1.46 

T11 510618 /- Fruits : 831000/- 

Sucker : 70000/- 

Total  : 901000/- 

390382 /- 1.76 

T12 515924 /- Fruits : 808500/- 

Sucker : 70000/- 

Total  : 878500/- 

362576 /- 1.70 

T13 476378 /- Fruits : 524250/- 

Sucker : 52500/- 

Total  : 576750/- 

100372 /- 1.21 

 



 

 

Rs.ha
-1

),  T7 - Mg + Zn + B  plus propiconazole @ 0.1%  (5,12,590 Rs.ha
-1

),      

T4 - Micronol @ 2 g l
-1

 of water  plus PGPR mix II @ 20 g l
-1

 (5,12,880 Rs.ha
-1

), 

T1 - Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% (5,12,990 Rs.ha
-1

), T2 - 

Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25% (5,13,030 Rs.ha
-1

),  T5 -  Mg 

+ Zn + B  plus tebuconazole @ 0.1% (5,15,490 Rs.ha
-1

), T12 - PGPR  mix II @ 

20 g l
-1

 (5,15,924 Rs.ha
-1

), T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

 

(5,18,960 Rs.ha
-1

), T3 - Micronol @ 2 g l
-1

 plus propiconazole @ 0.1% (5,18,960 

Rs.ha
-1

). 

Highest income was obtained for T5 - Mg + Zn + B  plus tebuconazole  @ 

0.1% with 10,34,750 /- Rs.ha
-1 

followed by T8 - Mg + Zn + B  plus  PGPR mix II 

@ 20 g l
-1

 ( 9,76,250 /- Rs. ha
-1

), T11- propiconazole @ 0.1% (9,01,000 /- Rs.   

ha
-1

), T7 - Mg + Zn + B  plus propiconazole @ 0.1% (8,97,250 /- Rs.ha
-1

), T1 

(8,93,500 /- Rs.ha
-1

), T12 - PGPR mix II @ 20 g l
-1

 (8,78,500 /- Rs.ha
-1

), T3 - 

Micronol @ 2 g l
-1

 plus  propiconazole @ 0.1%  (8,62,000 /- Rs.ha
-1

), T4 - 

Micronol @ 2 g l
-1

 of water  plus PGPR mix II @ 20 g l
-1

 (8,46,750 /- Rs.ha
-1

),  

T9 - tebuconazole @ 0.1% (8,17,750 /- Rs.ha
-1

), T2 - Micronol @ 2 g l
-1

 plus 

copper hydroxide @ 0.25%  (8,02,750 /- Rs.ha
-1

), T6 - Mg + Zn + B   plus copper 

hydroxide @ 0.25% (7,76,500 /- Rs.ha
-1

), T10 - copper hydroxide @ 0.25% 

(7,47,750 /- Rs.ha
-1

) and the lowest was obtained in T13-control (5,76,750 /- Rs. 

ha
-1

). 
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5. DISCUSSION 

Sigatoka leaf spot disease caused by Mycosphaerella musicola is a limiting 

factor for banana production in India and other worldwide countries. It has 

considerable social and agricultural economic impacts due to lowering of crop 

yields. It was reported that more than 50 per cent of economic losses occurs due to 

this disease across the world. Fungicides have still become the major tool in 

mitigating development and reducing effect of the diseases. An experimental trial 

was conducted during the year 2013 (March-December) at Coconut Research 

Station, Balaramapuram, Trivandrum district, Kerala in Nendran banana. In this 

study, emphasis had been laid on application of certain micronutrients, secondary 

nutrient with biocontrol agent/ plant protection chemicals to combat the disease in 

banana. 

5.1 DISEASE FACTORS 

5.1.1 Disease incidence 

The field trials were conducted to check the efficacy of fungicides (systemic 

and contact), bio control agent (PGPR mix II) through their alone treatments and 

combination treatments on Sigatoka leaf spot in banana, cv. Nendran. The 

experimental results with respect to disease incidence revealed a significant 

variation due to application of fungicides/ Pseudomonas fluorescens with or 

without secondary and micro nutrients. The minimum disease incidence was 

recorded by foliar application of tebuconazole in combination with either 

Micronol or Mg + Zn +B. All the combination treatments of fungicides or PGPR 

along with either Micronol or Mg + Zn +B was also effective in combating the 

disease incidence during certain crop period. This exhibited the role of secondary 

and micronutrients. 

The promising organic treatments when compared to control (Fig.2) are in 

the following order viz., copper hydroxide @ 0.25% (T10),  Micronol @ 2 g l
-1

   

plus copper hydroxide @ 0.25% (T2) , Mg + Zn + B   plus copper hydroxide @ 
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Fig. 2. Effect of organic treatments on disease incidence (%) 

 

T2- Micronol @ 2g l
-1

 plus copper hydroxide @ 0.25%                                                                      

T4- Micronol @ 2g l
-1

  plus PGPR mix II @ 20 g l
-1

                                                                           

T6- Mg + Zn +B   plus copper hydroxide   @ 0.25%,                                                                         

T8- Mg + Zn +B  plus  PGPR mix II @ 20  g l 
-1

                                                                            

T10- Copper hydroxide @ 0.25%                                                                                                      

T12- PGPR mix II @ 20g l
-1

                                                                                                                    

T13- Control 



 

 

0.25% (T6), Micronol @ 2 g l
-1

 plus PGPR mix II @ 20 g l
-1

 (T4), Mg + Zn +B  

plus  PGPR mix II @ 20 g l
-1

 (T6), PGPR mix II @ 20 g l
-1

 (T12). 

The promising inorganic treatments when compared to control (Fig.3) are in 

following order viz.,  Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% (T1), 

Micronol @ 2 g l
-1

 plus  propiconazole @ 0.1% (T3), Mg + Zn +B  plus 

tebuconazole @ 0.1% (T5), Mg + Zn +B  plus propiconazole @ 0.1% (T7),  

tebuconazole @ 0.1% (T9) and propiconazole @ 0.% (T11). 

In 2008, Ganry et al., reported similar results with aerial application of azole 

fungicides such as triazoles, benzimidazoles and strobilurins in suppressing the 

development of Sigatoka leaf spot disease in banana. Similar results by copper 

fungicides were reported by Tollenaar (1961), when he studied the efficacy of 

copper and oil in the control of Sigatoka leaf spot disease. 

5.1.2 Disease intensity 

With regard to Sigatoka leaf spot intensity of banana cv. Nendran, the foliar 

application of tebuconazole, propiconazole and copper hydroxide alone or in 

combination with Micronol (micronutrient mixture) or Mg + Zn + B was highly 

effective in reducing the disease intensity. Hence, the results of the study 

indicated that, foliar spray of new generation systemic fungicides (tebuconazole 

or propiconazole) or the contact fungicide (copper hydroxide) gave better 

suppression of Sigatoka disease. 

Management practices like the use of resistant cultivars, cultuaral methods 

and quarantine measures have been recommended to control Sigatoka disease, but 

the most reliable tool has been the use of chemical products, mainly site specific 

fungicides (Jones, 2000; Marin et al., 2003; Gasparotto et al., 2005). The fact that 

disease control depends upon fungicide application is in conformity with the 

findings of FRAC (2010), as different groups of fungicides such as demethylation 

inhibitors (DMI), Amine fungicides, Qo inhibitors (QoI), Anilinopyrimidines 

(AP), benzimidazoles (BCM), succinate dehydrogenase inhibitors (SDHI) 
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T1- Micronol @ 2 g l
-1

  plus  tebuconazole @ 0.1%                                                                    

T3- Micronol @ 2 g l
-1

  plus  propiconazole @ 0.1%                                                                                                                                         

T5- Mg + Zn + B  plus tebuconazole @ 0.1%,                                                                                        

T7- Mg + Zn + B  plus propiconazole @ 0.1%                                                                                      

T9- Tebuconazole @ 0.1%                                                                                                                            

T11- Propiconazole @ 0.1%                                                                                                            

T13- Control 

Fig. 3. Effect of inorganic treatments on disease incidence (%) 

 



 

 

fungicides and guanidines are used to control Sigatoka disease in banana 

plantations. Unlike the protectants, systemic fungicides inhibited the development 

of symptoms after they first appeared. The efficacy of systemic fungicides in 

Sigatoka disease management has been reported by Stover (1990). 

Continuous use of the systemic fungicides is reported to increase the risk of 

development of resistance to these fungicides in both Mycosphaerella musicola 

and Mycosphaerella fijiensis (Mourichon et al., 1997 and Duvert et al., 2002). 

Hence, Copper hydroxide can be also included in spray schedule in order to avoid 

resistance development due to the continuous use of systemic chemicals. Similar 

findings have been reported by Mourichon et al., 1997 and Duvert et al., 2002. 

In the present study, it is clear that, there was a gradual increase in both the 

disease intensity and incidence in absolute control.  In all the observations, with 

respect to disease incidence, it ranged from 62.35 to 85.55% and 49.96 to 76.42 % 

in case of disease intensity. Selvarajan et al. (2000) recorded disease severity 

indices as 14.4 and 49.64 in Nendran and Robusta cultivars respectively for black 

Sigatoka in Thrissur district. 

The promising organic treatments when compared to control (Fig.4) are Mg 

+ Zn + B   plus copper hydroxide @ 0.25% (T6), copper hydroxide @ 0.25% 

(T10), Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25% (T2) , Mg + Zn + B  

plus  PGPR @ 20 g l
-1

 (T8), Micronol @ 2 g l
-1

 plus PGPR @ 20 g l
-1

 (T4) and 

PGPR @ 20 g l
-1

 (T12). 

The promising inorganic treatments when compared to control (Fig.5) are 

Micronol @ 2 g l
-1

 plus  tebuconazole @ 0.1% (T1), Micronol @ 2 g l
-1

 plus  

propiconazole @ 0.1% (T3), Mg + Zn + B  plus tebuconazole @ 0.1% (T5), Mg + 

Zn + B  plus propiconazole @ 0.1% (T7), Tebuconazole @ 0.1% (T9) and 

propiconazole @ 0.1% (T11). 

The development of Panama disease on banana caused by Fusarium 

oxysporum sp. cubensis is supposedly related to nutritional imbalances especially 
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Fig.4. Effect of organic treatments on disease intensity  

 

Fig.5. Effect of inorganic treatments on disease intensity 

 T1- Micronol @ 2 g l
-1

  plus  tebuconazole @ 0.1%,  T2- Micronol @ 2 g l
-1

 plus copper 

hydroxide  @ 0.25%,  T3- Micronol @ 2 g l
-1

  plus  propiconazole @ 0.1%,  T4- Micronol 

@ 2 g l
-1

  plus PGPR mix II @ 20 g l
-1

,  T5- Mg + Zn + B  plus tebuconazole @ 0.1%,  T6- 

Mg + Zn + B   plus copper hydroxide   @ 0.25%, T7- Mg + Zn + B  plus propiconazole @ 

0.1%,  T8- Mg + Zn + B  plus  PGPR mix II  @  20        g   l 
-1

,  T9- Tebuconazole @ 0.1%,  

T10- Copper hydroxide @ 0.25%,  T11- propiconazole @ 0.1%,    T12- PGPR mix II @ 20 

g l
-1

,  T13- Control 

 

 

 

 



 

 

Zinc, Calcium and Magnesium (Borges, 1983). Fertilizer reduced leaf thickness 

but micronutrients tended to increase leaf thickness. It was also proved that 

micronutrients B, Cu, Mn and Zn had a direct inhibitory effect on fungal growth 

and development and Cu and Zn resulted in significant inhibition of 

Mycosphaerella fijiensis Morelet. 

The results of this study reveal that foliar application of new generation 

systemic fungicides such as tebuconazole, propiconazole and the contact 

fungicide copper hydroxide can be included in the spray schedule for the 

management of Sigatoka leaf spot disease to avoid the development of resistance 

as reported by Mourichon et al.,1997 and Duvert et al., 2002). In Karnataka at 

Munavalli and Ramadurga, two sprays of propiconazole 0.05% effectively 

controlled the disease and recorded the lowest percent disease index (Tammaiah et 

al., 2008). Patel (2009) concluded that propiconazole, hexaconazole, tridemorph 

and carbendazim remained significantly at par with each other and recorded least 

leaf spots followed by tebuconazole and companion (combination of mancozeb 

and carbendazim). 

The efficacy of P. fluorescens against fungal and bacterial diseases has been 

well documented by various groups. Disease reduction due to application of 

PGPR could be attributed to the direct / indirect action of biocontrol agent that 

might have boost the host defense mechanism by various means of its activity. In 

2005, Rodriguez- Romero reported the similar findings in case of banana, viz., 

combined application of arbuscular mycorrhizal fungi and PGPR highly benefits 

banana plants by induced systemic resistance against fungi, bacteria and viruses, 

as well as to enhance plant growth and therefore, it could be considered during the 

acclimatization stage of micropropagated banana. Saravanakumar and 

Samiyappan (2007) also reported about the effectiveness of PGPR against early 

and late leaf spot in groundnut. 
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In this field study also, it was observed that application of secondary/ 

micronutrients with plant protection chemicals/ PGPR has resulted in the 

decreased disease incidence and severity during most of the crop period. 

5.2 BIOCHEMICAL ANALYSIS 

5.2.1 Phenol and OD-phenol 

Total phenol and OD-phenol (ortho dihydroxy phenol) content in banana 

leaves during fourth, fifth and sixth month old plants were estimated and the 

results revealed that there is a significant variation in phenol content among the 

treatments during one of the active growth period (fifth month). The phenol 

content was higher in the propiconazole applied plants which clearly indicates its 

efficacy and activation of defense mechanism. This was followed by the 

combination treatment of the same with micronutrients Mg + Zn + B which is also 

having the role in phenolic compound production. Results of the present study 

agree with findings of Graham and Webb, 1991 and Marschner in 1995 who 

opined that boron reduces diseases caused by Plasmodiophora brassicae in 

crucifers, Fusarium solani in bean, Verticillium albo-atrum in tomato and cotton, 

tobacco mosaic virus in bean, tomato yellow leaf curl virus in tomato, G.graminis 

(Sacc.) (Graham and Webb, 1991) and Blumeria graminis in wheat (Marschner, 

1995). 

5.2.2 Chlorophyll 

The total chlorophyll content in banana leaves was estimated and the results 

exhibited no significant variation due to different treatment application. Effect of 

treatments on chlorophyll content is given in Fig.6. Even though it lacks 

significance, higher value was showed by the treatment T5 - Mg + Zn + B plus 

Tebuconazole @ 0.1%. This was followed by treatment T8, Mg + Zn + B plus 

PGPR @ 20 g l
-1

 which is a combination treatment of PGPR along with 

micronutrients. Both the treatments given in combination with magnesium (Shaul, 

2002). Magnesium is essential for chlorophyll and enzyme activation for 

photosynthesis. Leaf spots can coalesce and lead to premature death of large areas 
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T1- Micronol @ 2g l
-1

  plus  tebuconazole @ 0.1%                                                                    

T2- Micronol @ 2g l
-1

 plus copper hydroxide @ 0.25%                                                                      

T3- Micronol @ 2g l
-1

  plus  propiconazole @ 0.1%                                                                  

T4- Micronol @ 2g l
-1

  plus PGPR mix II @ 20 g l
-1

                                                                           

T5- Mg + Zn + B  plus tebuconazole @ 0.1%                                                                                        

T6- Mg + Zn + B   plus copper hydroxide   @ 0.25%                                                                       

T7- Mg + Zn + B  plus propiconazole @ 0.1%                                                                                      

T8- Mg + Zn + B  plus  PGPR mix II @ 20  g l 
-1

                                                                            

T9- Tebuconazole @ 0.1%                                                                                                                            

T10- Copper hydroxide @ 0.25%                                                                                                      

T11- propiconazole @ 0.1%                                                                                                            

T12- PGPR mix II @ 20 g l
-1

                                                                                                                    

T13- Control 

Fig. 6. Effect of treatments on chlorophyll content 

 



 

 

of leaf tissue reducing the photosynthetic capabilities of the plant. The disease can 

also disturb the physiology of the fruits, resulting in premature or uneven ripening 

(Jones, 1999). 

The two treatments (T5 and T8) was followed by T1 (Micronol @ 2 g l
-1

 

plus Tebuconazole @ 0.1%) and T4 (Micronol @ 2 g l
-1

 plus PGPR @ 20 g l
-1

) 

both containing manganese. Similar results were reported by Chatterjee, 1989; 

Kavino et al., 2010. It was observed an improved plant height, girth, LAI, bunch 

weight, number of hands and chlorophyll content when compared to untreated 

plants.  Maintaining the physiological characters at a higher level is essential to 

increase biomass and banana yield. Higher chlorophyll content observed could be 

related to higher activities of iron containing enzymes such as catalase and 

peroxidase which are enhanced during the application of PGPR. The role of these 

enzymes in chlorophyll synthesis is an established factor (Singh, 1988). 

Manganese is directly or indirectly involved in chloroplast formation. Excess 

manganese caused reduction in chlorophyll concentration. A poor correlation 

between chlorophyll content and the reflectance indices was also found after 

Mycosphaerella leaf infection in young eucalyptus (Pietrzykowski et al., 2006). 

Among all the treatments, Mg + Zn + B  plus Tebuconazole @ 0.1% (T5) 

followed by Mg + Zn + B  plus  PGPR @ 20 g l
-1

 (T8) recorded the maximum 

percentage increase in chlorophyll content over control (Fig.7) and these were the 

first two treatments which showed the maximum percentage increase in number 

of functional leaves also. With respect to this attribute also the growth promotion 

of PGPR is visible. 

5.2.3 Protein 

Results of protein content in banana leaves indicated no significant variation 

due to treatment application. Eventhough it lacks significance, the lowest value 

was showed by T1 - Micronol @ 2 g l
-1

 plus tebuconazole @ 0.1% followed by 

T3 - Micronol @ 2 g l
-1

 plus propiconazole @ 0.1%. The use of systemic 

fungicides caused a significant decrease in the total protein content of wheat 
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T1- Micronol @ 2 g l
-1

  plus  tebuconazole @ 0.1%                                                                    

T2- Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25%                                                                      

T3- Micronol @ 2 g l
-1

  plus  propiconazole @ 0.1%                                                                  

T4- Micronol @ 2 g l
-1

  plus PGPR mix II @ 20 g l
-1

                                                                           

T5- Mg + Zn + B  plus tebuconazole @ 0.1%                                                                                       

T6- Mg + Zn + B   plus copper hydroxide   @ 0.25%                                                                        

T7- Mg + Zn + B  plus propiconazole @ 0.1%                                                                                      

T8- Mg + Zn + B  plus  PGPR mix II @ 20  g l 
-1

                                                                            

T9- Tebuconazole @ 0.1%                                                                                                                            

T10- Copper hydroxide @ 0.25%                                                                                                      

T11- propiconazole @ 0.1%                                                                                                            

T12- PGPR mix II @ 20 g l
-1

                                                                                                                     

T13- Control 

Fig. 7. Percentage increase in chlorophyll content over control  

 



 

 

cultivars. It has been suggested that the toxicant produced by the application of 

systemic fungicides inhibits protein synthesis by binding to the larger ribosomal 

subunits including change in the enzyme system, ceasing ATP and NADP 

formation (Person et al., 1975; Siddiqui, 1997) leading to decreased disease 

incidence with increase in yield. 

In all the alone treatments, which lacks the micronutrient, zinc, the protein 

content was comparatively low and Marschner (1995) has reported the same 

result. Zinc is essential for carbohydrate formation and an enzyme activator 

involved in protein, hormone, RNA and DNA synthesis and growth regulation 

(Marschner, 1995; Graham and McDonald, 2001). 

 

5.2.3 Plant Secondary and Micro Nutrients content 

Micronutrients have considerable influence on the resistance or tolerance 

mechanisms to pathogens in plants (Krauss, 1999). 

Jimenez in 2008 investigated the role of micronutrients on the reduction of 

disease and enhanced plant growth in greenhouse and field conditions. The 

response of the fungus to some nutrients was investigated especially those which 

have had an effect on plant defence in other crops. B, Cu, Mn and Zn delayed the 

fungus development in their presence but after removal from the medium only Cu 

had a lasting inhibitory effect on the fungus. 

Boron is involved in forming a barrier against pathogen invasion. Boric acid 

application was shown to be a good inhibitor of ascospore germination under in 

vitro and field conditions and this is in conformity with the following findings. 

Boron in combination with fungicide increase resistance to Cercospora spp. 

as it increased the biosynthesis and oxidation of phenolic compounds relating to 

changes in the cell wall lignifications (Ruiz et al., 1998. and Rodrigues et al., 

2004). Boric acid (1% - 5%) was shown to be a good inhibitor of ascospore 

germination under in vitro conditions and a potential alternative for benlate. 

Similar results were found under field conditions against ascospore germination of 
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the pathogen Eutypa lata which causes the dieback disease of grapevines 

(Rolshausen and Gubler, 2005). The effectiveness of boric acid, zinc sulphate, 

magnesium sulphate were reported by several other groups also (Graham and 

Webb, 1991, Whiley et al., 1991; Labeda et al., 2001; Baider and Cohen, 2003). 

Zinc applications and P. fluorescens together contributed in controlling 

Fusarium disease in wheat and tomatoes. Numerous reports confirmed the role of 

zinc in relation to plant diseases (Siddique et al., 2002; Baider and Cohen, 2003). 

Copper has a large after effect, confirming the usefulness of Cu containing 

fungicides for Sigatoka control in the past. Copper is a regulator of various 

enzyme systems linked to plant defense and the production of antimicrobial 

compounds (Lebeda et al., 2001). 

The leaf nutrient content mainly magnesium, boron and zinc at bunch 

emergence stage was estimated and revealed that there is a significant difference 

due to the treatment application. The highest magnesium was noticed in T8 - Mg 

+ Zn + B plus PGPR @ 20 g l
-1

. This clearly indicates the increase in uptake of 

minerals due to the presence of PGPR followed by T5 - Mg + Zn + B plus 

Tebuconazole (0.1%). All the four combination treatments contain magnesium 

showed comparatively higher magnesium content. As reported by Shaul (2002), 

Magnesium is essential for chlorophyll, enzyme activation and indispensible for 

photosynthesis. 

In the present study, the highest boron content was noticed in combination 

treatment, T8 - Mg + Zn + B plus PGPR @ 20 g l
-1

 which contain both the zinc 

and PGPR. Similar findings were reported earlier by many groups. PGPR play an 

important role in suppression of soil-borne plant pathogens, and improving 

nutrient availability (Biswas et al., 2000; Saravanakumar and Samiyappan, 2007). 

Regarding the studies of zinc content, the treatment T4 - Micronol @ 2 g l
-1

 

plus PGPR @ 20 g l
-1

 recorded the maximum content of zinc. This may be due to 
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two factors namely, Micronol and PGPR. Micronol is a rich source of zinc and 

PGPR enhance the uptake of minerals as mentioned in many reports. 

5.3 BIOMETRIC OBSERVATIONS 

5.3.1 Effect of Treatments on Plant Growth Characterestics 

5.3.1.1 Height and Girth of the Plant 

With regard to plant height and girth, there was no significant variation due 

to treatment application. The maximum height and girth was obtained by T5 - Mg 

+ Zn + B plus Tebuconazole (0.1%) followed by T8 - Mg + Zn + B  plus  PGPR 

@ 20 g l
-1

 respectively. Hence, it is clearly expressed the efficacy of fungicide and 

the growth enhancement property of PGPR. Pseudomonas flourescens are the 

most effective rhizosphere bacteria. Because in addition to disease control, they 

exert beneficial effect on plant growth promotion (Kloepper et al., 1980). Similar 

results were reported by many other workers viz., Harish et al., 2009a; Kavino et 

al., 2010. 

5.3.1.2 Number of Leaves and Functional Leaves 

Application of fungicides or PGPR with or without micro/ secondary 

nutrients showed a significant variation in the number of leaves and functional 

leaves in the later crop stage. During the last post treatment observation, the 

maximum number of leaves and functional leaves were noticed in treatments with 

PGPR alone and combination treatments of PGPR along with Micronol or Mg + 

Zn + B. This indicates the growth enhancement property of PGPR (Fig.8). 

The treatments, T5 - Mg + Zn + B  plus tebuconazole @ 0.1% (inorganic) , 

T8 - Mg + Zn + B  plus  PGPR @ 20 g l
-1

 (organic) and T4 - Micronol @ 2 g l
-1

 

plus PGPR @ 20 g l
-1

 (organic) recorded the maximum percentage increase in  

number of functional leaves over control (Fig.9). T5 was one of the best 

treatments that rated as best for disease incidence and intensity reduction. Figure 9 

also revealed that all the organic and inorganic treatments showed a good 
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Fig.8. Effect of treatments on number of functional leaves (At the month of 

harvest) 

 

 

Fig.9. Percentage increase in number of functional leaves over control 

 

 

T1- Micronol @ 2 g l
-1

  plus  tebuconazole @ 0.1%,  T2- Micronol @ 2 g l
-1

 plus copper hydroxide  @ 

0.25%,  T3- Micronol @ 2 g l
-1

  plus  propiconazole @ 0.1%,  T4- Micronol @ 2 g l
-1

  plus PGPR mix II 

@ 20 g l
-1

,  T5- Mg + Zn + B  plus tebuconazole @ 0.1%,  T6- Mg + Zn + B   plus copper hydroxide   @ 

0.25%, T7- Mg + Zn + B  plus propiconazole @ 0.1%,  T8- Mg + Zn + B  plus  PGPR mix II  @  20        

g   l 
-1

,  T9- Tebuconazole @ 0.1%,  T10- Copper hydroxide @ 0.25%,  T11- propiconazole @ 0.1%, 

T12- PGPR mix II @ 20 g l
-1

,  T13- Control 

 

 

 

 



 

 

percentage increase over control in which, the combination and alone treatments 

of PGPR scored the highest. 

This is in conformity with the findings of Okon et al (1988) and Sarig et al 

(1988) in the case of banana under field conditions. 

5.3.2 Effect of Treatments on Yield Parameters 

A significant difference in yield was observed due to treatment application.  

The highest yield was noticed in T5 - Mg + Zn + B plus tebuconazole @ 0.1%  

followed by T8 - Mg + Zn + B  plus  PGPR @ 20 g l
-1

. Significant increases in 

crop yields following application of PGPR have been documented under diverse 

field conditions (Bashan, 1998). Harish et al., (2009) observed that polyphenol 

oxidase (PPO) and peroxidase (PO) activities were greater in the plants treated 

with mixtures of rhizobacteria and endophytic bacteria and challenged with 

viruliferous aphids, compared to control plants. P. fluorescens, Pf1 along with the 

endophytic bacterial isolate significantly increased the yield compared to other 

treatments and the untreated control. In 2010, Kavino et al., reported about the 

enhanced bunch weight, plant height, girth, LAI, number of hands and chlorophyll 

content when plants treated with P. fluorescens strain CHAO and chitin bio-

formulations of Pseudomonas strains. Many other workers reported similar results 

viz., Okon et al. (1988), Sarig et al. (1988), Harish et al. (2009). 

With respect to number of hands, the eight combination treatments showed 

higher values over control. In 1984, Obeifuna reported about the same results in 

the same crop. In a banana bunch, the number of hands is an important yield 

component and is normally decided at the time of fruit bud initiation and 

differentiation which is generally influenced by better nutrition. 

The best organic and inorganic treatments which produced higher yield are 

given in Fig.10 and Fig.11 respectively. The promising organic treatments are in 

the following order viz., Mg + Zn + B  plus  PGPR   mix II @ 20 g l
-1

 (T8), PGPR  

mix II @ 20 g l
-1

 (T12), Micronol @ 2 g l
-1

 plus PGPR  mix II  @ 20 g l
-1

 (T4), 
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Fig. 10. Effect of organic treatments on yield  

 

Fig. 11. Effect of inorganic treatments on yield  

 
T1- Micronol @ 2 g l

-1
  plus  tebuconazole @ 0.1%,  T2- Micronol @ 2 g l

-1
 plus copper hydroxide  @ 

0.25%,  T3- Micronol @ 2 g l
-1

  plus  propiconazole @ 0.1%,  T4- Micronol @ 2 g l
-1

  plus PGPR mix II 

@ 20 g l
-1

,  T5- Mg + Zn + B  plus tebuconazole @ 0.1%,  T6- Mg + Zn + B   plus copper hydroxide   @ 

0.25%, T7- Mg + Zn + B  plus propiconazole @ 0.1%,  T8- Mg + Zn + B  plus  PGPR mix II  @  20        

g   l 
-1

,  T9- Tebuconazole @ 0.1%,  T10- Copper hydroxide @ 0.25%,  T11- propiconazole @ 0.1%, 

T12- PGPR mix II @ 20 g l
-1

,  T13- Control 

 

 

 

 



 

 

Micronol @ 2 g l
-1

 plus copper hydroxide @ 0.25% (T2), Mg + Zn + B   plus 

copper hydroxide  @ 0.25% (T6) and Copper hydroxide @ 0.25% (T10). The 

promising inorganic treatments are in the following order viz., Mg + Zn + B  plus 

tebuconazole @ 0.1% (T5), Propiconazole @ 0.1% (T11), Mg + Zn + B  plus 

propiconazole @ 0.1% (T7), Micronol @ 2 g l
-1

  plus  tebuconazole @ 0.1% (T1), 

Micronol @ 2 g l
-1

  plus  propiconazole @ 0.1% (T3) and tebuconazole @ 0.1% 

(T9). 

5.4 WEATHER PARAMETERS STUDIES 

Influence of weather parameters on the Sigatoka leaf spot disease of banana 

was studied and the disease was influenced by almost all the factors of weather 

viz., atmospheric temperature, relative humidity, rainfall and evaporation. Both 

the disease intensity and incidence showed a significant correlation with all the 

above factors of weather. Similar results have been recorded by Stover (1968); 

Simmonds (1939); Brun (1963); Stahel (1937); Leach (1946); Elangovan et al 

(1990) and Perez et al (2000a; 2000b). 

The climatic variables that positively influenced the Sigatoka disease 

progression in banana were rainfall, relative humidity and leaf wetness. 

5.5 ECONOMIC ANALYSIS STUDIES 

The economics of cultivation was worked out in terms of input cost, labor 

charges and treatment cost. The economic analysis was also worked out in terms 

of both net income and BCR and is presented in Table 17. It showed higher net 

income and BCR in all the treatments compared to control as in the case of yield. 

The effect of treatments on B: C ratio (Fig.12) reveals that, all the organic 

and inorganic treatments recorded a higher B: C ratio when compared to control 

(T13). The highest B:C ratio was recorded by  Mg + Zn + B  plus tebuconazole @ 

0.1% (T5) which was the treatment showed the highest percentage increase in 

number of functional leaves, chlorophyll content and the highest yield also. This 
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Fig. 12. Effect of treatments on B:C ratio  

 

 

 

 

 

T1- Micronol @ 2 g l
-1

  plus  tebuconazole @ 0.1%,  T2- Micronol @ 2 g l
-1

 plus copper hydroxide  @ 

0.25%,  T3- Micronol @ 2 g l
-1

  plus  propiconazole @ 0.1%,  T4- Micronol @ 2 g l
-1

  plus PGPR mix II 

@ 20 g l
-1

,  T5- Mg + Zn + B  plus tebuconazole @ 0.1%,  T6- Mg + Zn + B   plus copper hydroxide   @ 

0.25%, T7- Mg + Zn + B  plus propiconazole @ 0.1%,  T8- Mg + Zn + B  plus  PGPR mix II  @  20        

g   l 
-1

,  T9- Tebuconazole @ 0.1%,  T10- Copper hydroxide @ 0.25%,  T11- propiconazole @ 0.1%, 

T12- PGPR mix II @ 20 g l
-1

,  T13- Control 

 

 

 



 

 

inorganic treatment is followed by T8 - Mg + Zn + B plus PGPR mix II @ 20 g l
-1

 

which recorded for the second best yield. 

The least cost of cultivation (5,10,290 Rs.ha
-1

) was found in case of 

tebuconazole @ 0.1% (T9, inorganic treatment) and the highest net profit of 

5,19,260 Rs.ha
-1

 and BCR of 2.01 were obtained in case of inorganic treatment, 

Mg + Zn + B plus tebuconazole @ 0.1%.  The results indicated that, this is the 

best treatment for banana (cv. Nendran) production. 

Organic treatments were also found to be profitable as revealed from the net 

income obtained ranging from Rs.7,47,750 to 9,76,250 ha
-1

. 

The analysis of the results indicated that, among 13 treatments, foliar 

application of tebuconazole (0.1%) in combination with either Micronol (2 g l
-1

) 

or Mg (2 g l
-1

) + Zn (3 g l
-1

) + B (2 g l
-1

) followed by Micronol @ 2 g l
-1

plus  

propiconazole (0.1%) and copper hydroxide (0.25%) recorded minimum disease 

incidence during the study. Hence, the ideal inorganic treatments selected are viz., 

tebuconazole and propiconazole in combination with Micronol (T1 and T3), Mg + 

Zn + B plus tebuconazole (T5) and copper hydroxide (T10) rated as the best 

organic treatment with respect to disease incidence control. 

With respect to disease intensity, the analysis of the results indicated that the 

application of new generation fungicides (tebuconazole, propiconazole and copper 

hydroxide) alone or in combination with Micronol or Mg + Zn + B was effective 

in reducing the intensity of Sigatoka leaf spot disease. The best organic treatment 

to reduce intensity of the disease was found to be the application of copper 

hydroxide alone or in combination with Micronol / Mg + Zn + B. The application 

of new generation systemic fungicides alone or in combination can be rated as the 

ideal inorganic treatments. 
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The suppression of the disease by the application of these inorganic and 

organic treatments is due to fungal growth inhibition, activation of defense related 

mechanisms viz., increase in phenol production and thereby enhanced plant 

growth and yield. 

The economic analysis also revealed that the best inorganic treatment is 

application of Mg + Zn + B plus tebuconazole (0.1%) which recorded the highest 

yield, net income and benefit cost ratio which is followed by Mg + Zn + B plus  

PGPR (20 g l
-1

) under organic treatments. 

For the integrated management of banana Sigatoka leaf spot disease (caused 

by M. musicola R. Leach ex J.L. Mulder) in humid tropical zone of Kerala, the 

best treatment was found to be; Mg (2 g l
-1

) + Zn (3 g l
-1

) +B (2 g l
-1

) plus  

tebuconazole (0.1%) with respect to maximum disease suppression, disease 

intensity reduction and highest yield. 
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SUMMARY 



 

 

6. SUMMARY 

Effect of treatments on the incidence of banana Sigatoka leaf spot disease 

caused by M. musicola revealed that among the 13 treatments, minimum disease 

incidence was observed with T1 - Micronol @ 2 g l
-1

 plus tebuconazole (0.1%), 

T3 - Micronol @ 2 g l
-1 

plus propiconazole (0.%), T5 - Mg + Zn + B  plus 

tebuconazole (0.1%) and T10 - copper hydroxide (0.25%). 

All the treatments except absolute control (T13) were statistically onpar 

with each other. Among the 13 treatments, maximum disease suppression was 

observed with T1 - Micronol @ 2 g l
-1 

plus  tebuconazole @ 0.1%, T3- Micronol 

@ 2 g l
-1 

plus  propiconazole @ 0.1%, T5 - Mg + Zn + B  plus tebuconazole @ 

0.1%, T6 - Mg + Zn +B   plus copper hydroxide @ 0.25, T7 - Mg + Zn + B  plus 

propiconazole  @ 0.1% , T9 - tebuconazole @ 0.1%, T10 - copper hydroxide @ 

0.25% and T11 - propiconazole @ 0.1%. The application of fungicides 

tebuconazole, propiconazole and copper hydroxide alone or in combination with 

Micronol or Mg + Zn + B was effective in reducing the disease intensity of 

Sigatoka leaf spot in banana. 

The pathophysiological studies revealed about defense related phenol and 

OD- phenol, chlorophyll content, protein content and leaf nutrient content etc. 

With respect to the biochemical changes, a significant difference in phenol 

and OD- phenol content was observed in five months old crop. Among them, the 

treatment T11- propiconazole  @ 0.1% showed the maximum phenol content 

(3705.17 µg g
-1

) followed by T7 - Mg + Zn + B  plus propiconazole  @ 0.1% 

(2430.00 µg g
-1

) and T5 - Mg + Zn + B  plus tebuconazole @ 0.1% (2082.60 µg  

g
-1

) which was on par with each other. The lowest phenol content (555.00 µg g
-1

) 

was noticed in case of T12, PGPR mix II @ 20 g l
-1

. 

The defense related OD - phenol content was highest in T7 - Mg + Zn + B 

plus propiconazole @ 0.1% (64.83 µg g
-1

), T11 - propiconazole @ 0.1% (30.83 

µg g
-1

) and   T11 - propiconazole @ 0.1% (65.00 µg g
-1

) during the three months 

respectively. 
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With regard to chlorophyll content of banana leaf, all the treatments 

recorded superior values over absolute control (1.2 µg g
-1

). The most favorable 

effect was for T5 - Mg + Zn + B plus tebuconazole @ 0.1% (2.14 µg g
-1

) followed 

by T8 - Mg + Zn + B plus PGPR mix II @ 20 g l
-1

 (2.12 µg g
-1

). 

The study revealed that there was a significant difference between the 

treatments with respect to magnesium, boron and zinc content in leaves. 

Magnesium content, was maximum in T8 - Mg + Zn + B  plus  PGPR mix II 

@ 20 g l
-1

which was on par with  T5 - Mg + Zn + B  plus tebuconazole @ 0.1% 

(0.34%). In case of zinc, the highest content (36.23 ppm)  was recorded with      

T4 - Micronol @ 2 g l
-1 

plus PGPR mix II @ 20 g l
-1 

and the highest boron content 

(727.67 ppm) was obtained in case of T8 - Mg + Zn + B  plus  PGPR mix II @ 20 

g l
-1

.  In all the cases, the lowest was found in absolute control. 

The results of growth characteristics namely, plant height and girth revealed 

that, there was no significant variation among treatments. However, all the 

treatments were recorded higher value than control. The highest plant height 

(2.5m) and girth (54.67 cm) was recorded in case of T5 - Mg + Zn + B plus 

tebuconazole @ 0.1% and the lowest was recorded by absolute check (T13) in 

both the cases. 

The other growth characters like number of leaves and number of functional 

leaves were also studied. With respect to number of leaves, the results indicated 

that there was an increase in treated plants. The overall performance of the 

treatments indicated that the treatments viz., T1 (Micronol @ 2 g l
-1 

plus 

tebuconazole @ 0.1%), T3 (Micronol @ 2 g l
-1 

plus  propiconazole  @ 0.1%), T4 

(Micronol @ 2 g l
-1 

plus PGPR mix II @ 20 g l
-1

),  T9 (tebuconazole @ 0.1%) and 

T12 (PGPR mix II @ 20 g l
-1

) were found to be the best and recorded the 

maximum number of  leaves during the maturity stages of crop. 

With respect to the number of functional leaves, the concise analysis of the 

results indicated that the treatments viz., T1 (Micronol @ 2 g l
-1 

plus  tebuconazole 

@ 0.1%)  and T8 (Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

) were found to be 
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the best and recorded the maximum number of functional leaves during the post 

treatment months viz., July, November and December. The lowest number of 

functional leaves was noticed in absolute control in all the post treatment 

observations. 

The comparison of the average time taken for bunch emergence from the 

respective treatments showed that there was no significant difference between any 

of the treatments. However, the shortest number of days taken for bunch 

emergence was observed in the combination treatment T5 - Mg + Zn + B plus 

tebuconazole @ 0.1% (218.33). While the average time for bunch  maturity of 

each treatments were  compared, it was found that shortest number of days or 

period for bunch maturity was observed in the combination treatment T5 - Mg + 

Zn + B  plus tebuconazole @ 0.1%  (297.55) which was statistically on par with 

all other treatments. The longest time period for bunch emergence (267) and 

bunch maturity (358.01) was observed in absolute control. 

The results of the study on effect of treatments on yield expressed that, the 

maximum bunch weight (12.63 kg) was obtained from the combination treatment 

T5 - Mg + Zn + B  plus tebuconazole @ 0.1% which was on par with T8 - Mg + 

Zn + B plus PGPR mix II  @ 20 g l
-1

 (11.85 kg), T11 - propiconazole  @ 0.1%  

(11.08 kg), T7 - Mg + Zn + B  plus propiconazole @ 0.1 % (11.03 kg),              

T1- Micronol @ 2 g l
-1 

plus tebuconazole @ 0.1% (10.98 kg), T12 - PGPR mix II 

@ 20 g l
-1 

alone (10.78 kg), T4 - Micronol @ 2 g l
-1 

plus PGPR mix II @ 20 g l
-1

 

(10.59 kg)  and T3 - Micronol @ 2 g l
-1 

plus  propiconazole  @ 0.1% (10.56 kg). 

The other yield parameters such as number of hands per bunch, number of 

fingers per bunch and number of suckers didn‟t differ significantly between 

treatments even though all the treatments were recorded higher values than the 

absolute control. 

The maximum number of hands (5.67) was found in eight treatments viz., 

T1 - Micronol @ 2 g l
-1 

plus  tebuconazole (0.1%),  T3 - Micronol @ 2 g l
-1 

plus  

propiconazole  (0.1 %), T4- Micronol @ 2 g l
-1 

plus PGPR mix II @ 20 g l
-1

,      
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T5 - Mg + Zn + B  plus tebuconazole (0.1%) , T7 - Mg + Zn + B  plus 

propiconazole  @ 0.1% , T8 - Mg + Zn + B  plus  PGPR mix II @ 20 g l
-1

, T11 - 

propiconazole  @ 0.1% and T12 - PGPR mix II @ 20 g l
-1

. 

With respect to the number of fingers per bunch, the most favorable effect 

was found in, T5 - Mg + Zn + B plus tebuconazole (0.1%) (52.00) followed by   

T8 - Mg + Zn + B plus PGPR mix II @ 20 g l
-1

 (50.67). 

Regarding with the number of suckers, the maximum was observed in two 

treatments viz., T5 - Mg + Zn + B plus tebuconazole @ 0.1% (5.33) and T8 - Mg 

+ Zn + B plus PGPR mix II @ 20 g l
-1

 (5.33). 

The correlation studies on the influence of weather parameters on the 

intensity and incidence indicated that maximum relative humidity and rainfall 

showed a significant positive correlation with respect to disease intensity and 

disease incidence at 0.05% level of significance. At 0.05% level (0.404), the 

minimum temperature was negatively (-0.643) correlated with disease intensity as 

well as disease incidence (-0.527). Statistically, the influence of minimum relative 

humidity was -0.506 with respect to disease intensity and it was -0.554 with 

respect to disease incidence at 0.05% level of significance. Also, evaporation 

showed the inverse relation with disease intensity (-0.578) and with disease 

incidence (-0.500). 

There was a positive correlation of maximum relative humidity (0.679) 

and rainfall (0.549) with disease intensity at 0.05% level (0.404) of significance. 

Also, the same parameters are positively correlated with disease incidence with 

values of 0.610 and 0.542 respectively. Therefore it can be intended that high 

relative humidity and rainfall contributes to increase in disease incidence and 

disease intensity. 

The economic analysis also revealed that the best inorganic treatment is 

application of Mg + Zn + B plus tebuconazole (0.1%) which recorded the highest 
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yield, net income and benefit cost ratio which is followed by Mg + Zn + B  plus  

PGPR (20 g l
-1

) under organic treatments. 

For the integrated management of banana Sigatoka leaf spot disease (caused 

by M. musicola R.),the foliar application of  Mg (2 g l
-1

) + Zn (3 g l
-1

) + B (2 g l
-1

) 

plus  tebuconazole (0.1%) at fourth and fifth month after planting performed best 

with respect to disease suppression and enhanced yield in humid tropical southern 

zone of Kerala. 
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APPENDIX I 

 

Chemical properties of the soil of experimental site: CRS, Balaramapuram 

 

 Sl.No: Parameter 

1 P
H
 05.40 

2 EC (µS) 50.81 

3 OC (%) 00.22 

4 Av.P ( kg ha
-1

) 29.10 

5 Av.K ( kg ha
-1

) 123.2 

6 Ex.Ca (ppm) 215.00 

7 Ex.Mg (ppm) 30.00 

8 Av.S (ppm) 17.10 

9 Fe (ppm) 17.71 

10 Cu (ppm) 02.10 

11 Mn (ppm) 51.48 

12 Zn (ppm) 01.45 

13 B (ppm) 00.23 



 

 

APPENDIX II 

 

Arnow’s reagent  

To prepare Arnow‟s reagent (100 ml), 10 g of sodium molybdate and 10 g of 

sodium nitrite was dissolved in 100 ml of distilled water. 

 

 

APPENDIX III 

 

0.1M Sodium acetate buffer (P
H

 4.7) 

Stock solutions 

A : 0.2 M solution of  acetic acid (11.55 ml in 1000 ml) 

B : 0.2 M solution of  sodium acetate (16.4 g of C2H3O2 or 27.2 g of C2H3O2 . 

3H2O in 1000 ml) 

Preparation of stock dye solution for estimation of protien  

100 mg of Coomassie brilliant blue G – 250 was dissolved in 50 ml of 95% 

ethanol and 100 ml of concentrated orthophosphoric acid was added. The volume 

was made upto 200 ml with water and kept at 4°C. The working dye was prepared 

just before use by diluting the stock solution to five times with water. 



 

 

APPENDIX IV 

 

                 Weather data of experimental site: CRS, Balaramapuram 

 

Standard 

week 

Temperature Relative 

humidity(%) 

 

Rainfall 

(mm) 

Number 

of days 

having 

rain 

Rainy 

days 

Sunshine 

hours 

Max. Min. I II 

1 30.6 23.4 95.4 72 17.5 2 1 8.8 

2 30.0 22.6 96.4 74.6 24 1 1 8.5 

3 30.1 20.8 96.0 75.1 0 0 0 9.4 

4 30.5 21.3 96.1 73.6 0 0 0 9.4 

5 30.4 20.8 94.3 75.4 0 0 0 9.3 

6 31.2 22.9 93.3 74.3 2.5 2 1 9.2 

7 32 23 92.4 75.7 11 3 2 9.3 

8 31.4 21.8 89.9 74.9 0 0 0 9.3 

9 32 21.4 91.3 67.4 0 0 0 9.5 

10 32.1 24.3 94.7 80.6 7 3 3 9.3 

11 32.3 23.9 93.4 81.3 34 1 1 9.3 

12 32.3 23.7 91.4 75.4 0 0 0 9.8 

13 32.6 25.3 92.6 76.3 31 1 1 9.9 

14 32.9 26.0 92.7 77.0 0 0 0 9.9 

15 32.8 25.6 89.9 71.4 1.5 1 0 9.7 

16 33.2 25.1 84.8 76.0 0 0 0 10.2 

17 33.3 25.0 87.0 72.7 20.3 2 2 9.6 

18 32.7 25.8 90.6 81.7 3.6 2 1 9.2 

19 32.0 26.1 90.7 80.9 11.5 3 2 9.1 

20 32.4 25.7 90.6 76.4 5.2 1 1 10.0 

21 32.1 24.2 91.7 84.6 7.2 5 4 9.0 

22 30.1 22.3 95 87.7 33.2 4 4 8.3 



 

 

23 29.2 22.8 93.6 83.3 15.0 6 3 8.7 

24 29.1 23.2 95.1 89.3 20.2 7 7 7.0 

25 28.3 22.5 95.4 86.1 23.6 6 6 7.6 

26 29.9 23.3 90 82.3 8.6 4 3 9.3 

27 29.3 23.4 93.9 85.1 6.7 5 4 9.0 

28 28.5 23 93.7 79.6 10.1 6 4 8.4 

29 28.3 23.5 94 87.9 10.1 5 5 8.1 

30 29.4 21.9 92.3 88.0 11.6 5 4 9.0 

31 29.0 21.6 93.1 87.0 23.2 4 4 8.4 

32 28.8 23.9 96.7 82.7 3.9 2 1 9.4 

33 28.6 23.7 93.3 78.4 1.6 2 0 9.41 

34 29.8 24.0 92.7 78.7 1.5 2 0 9.9 

35 30.2 24.4 86.6 80.1 2.4 1 0 9.3 

36 28.8 23.7 97 86.7 20.1 7 7 7.9 

37 28.7 23.4 98.6 84.0 6.2 6 3 8.21 

38 28.8 24.3 96.3 85.4 7.3 5 3 8.37 

39 30.2 24.0 93.7 85.1 2.3 1 0 10.2 

40 30.5 22.6 94 74.1 6.7 2 2 9.74 

41 30.6 23.3 91.4 75.4 5.7 4 2 9.52 

42 30.7 23.7 92.1 79.9 16.5 4 3 8.5 

43 30.7 23.0 95.0 70.9 18.1 3 3 9.1 

44 30.7 23.6 93.9 80.1 10.3 6 4 7.8 

45 30.9 23.7 97.0 76.9 1.6 2 0 8.8 

46 30.3 23.4 97.7 78.3 138.8 3 3 7.8 

47 30.6 23.7 97.3 78.1 58.1 4 2 8.0 

48 30.8 23.0 97.3 75.9 49.8 3 2 8.5 

49 30.9 22.8 98.6 69.9 1.4 1 0 7.8 

50 30.3 22.6 96.7 69.6 26 1 1 8.4 

51 31.2 21.7 97.7 72.0 47 1 1 9.2 

52 31 20.2 96.6 59.1 0 0 0 9.2 

 



 

 

APPENDIX V 

 

Input cost and Labour charges 

 

 

 

 

 

Input cost 

Particulars Quantity Rate Amount (Rs) 

Planting material 2500 numbers Rs. 10/ sucker 25,000/- 

Urea 897.44 kg 10/ kg 8974/- 

Raj-phos 1375.56 kg 10/ kg 13755/- 

MOP 1498.40 kg 18/ kg 2647/- 

FYM 25tons 380/ ton 9,500/- 

Neemcake  2500 kg 10/kg 25,000/- 

PGPR mix II  48.08 kg 60/kg 2884/- 

Roger 1000 ml 95/100 ml 950/- 

Stakes 2500 stakes 4.80/stake 12000/- 

                                                                                    Total 1,00,710/- 

Labour charges 

For cultural operations  648 numbers 588/ labour 3,81,024/- 

For treatment application 38 numbers 588/ labour 22,344/- 

For Harvesting 10 numbers 588/ labour 5,880/- 

                                                                              Total  4,09,248/- 



 

 

 

APPENDIX VI 

 

Treatment cost 

 

Treatment cost (for two applications) Amount (Rupees) ha
-1

 

T1 -  Micronol @ 2g/litre  plus  tebuconazole  @ 0.1% 1890/- 

T2- Micronol @ 2g/litre   plus copper hydroxide @ 0.25%  2680/- 

T3- Micronol @ 2g/litre  plus  propiconazole @ 0.1% 1490/- 

T4- Micronol @ 2g/litre of water  plus PGPR mix II @ 20g/litre  5849/- 

 T5- Mg + Zn +B  plus tebuconazole @ 0.1%  2146/- 

 T6- Mg + Zn +B   plus copper hydroxide @ 0.25% 2936/- 

 T7- Mg + Zn +B  plus propiconazole @ 0.1%  1746/- 

 T8- Mg + Zn +B  plus  PGPR mix II @ 20g/litre  6105/- 

 T9- tebuconazole @ 0.1%  1810/- 

T10- copper hydroxide  @ 0.25% 2600/- 

T11- propiconazole @ 0.1%  1410/- 

 T12- PGPR mix II @ 20g/litre  5769/- 

T13- Control 0/- 

                                                                            Total  36,431/- 

 

 

 



 

 

Integrated Management of Sigatoka Leaf Spot Disease of Banana 

Caused by Mycosphaerella musicola R. Leach ex J.L. Mulder 

 

 

NAYANA, K. 

(2012-11-179) 

 

Abstract of the 

thesis submitted in partial fulfillment of the 

requirement for the degree of 

MASTER OF SCIENCE IN PLANT PATHOLOGY 

Faculty of Agriculture 

Kerala Agricultural University 

 

DEPARTMENT OF PLANT PATHOLOGY 

COLLEGE OF AGRICULTURE 

VELLAYANI, THIRUVANANTHAPURAM – 695522 

KERALA, INDIA 

2015 



 

 

 

ABSTRACT 

Banana (Musa spp.), being the fourth most important food after rice, wheat 

and maize products, it tolls up as a major fruit crop of India. Among the various 

diseases of this crop, Sigatoka leaf spot disease is a serious factor limiting the 

productivity of the same. It causes losses by reducing the functional leaf surface 

of plant, which results in small bananas that fail to ripen and may fall. Hence a 

field study entitled “Integrated management of Sigatoka leaf spot disease of 

banana caused by Mycosphaerella musicola R. Leach ex J.L. Mulder” was 

conducted at Coconut Research Station, Balaramapuram with an objective to 

study the effect of Pseudomonas fluorescens, the secondary nutrient magnesium, 

the micronutrients, zinc and boron and new generation fungicides on growth, 

incidence of Sigatoka leaf spot disease and yield of banana as intercrop in coconut 

gardens. 

The parameters studied were grouped into four main categories namely 

disease factors, weather factors, biochemical or physiological responses and 

growth and yield characteristics. 

Studies were conducted to assess the effect of treatments on disease 

intensity and incidence revealed that, there was a reduction in disease factors 

during all months with respect to treatments in contrast with the control plots. In 

both the case of disease incidence and disease intensity all the treatments were 

significantly superior over control. 

With respect to the disease incidence studies, it is clear that fungicide alone 

or combination treatments of the same along with Micronol or Mg + Zn + B is 

highly effective to lower the disease incidence. Disease intensity studies indicated 

that, foliar spray of new generation systemic fungicides such as tebuconazole, 

propiconazole or the contact fungicide copper hydroxide gave better disease 

suppression of yellow Sigatoka disease. 

The pathophysiological studies of chlorophyll content revealed that there 

was an increase in chlorophyll content in all the treatments. Mainly the 



 

 

combination treatments of fungicides with Mg + Zn + B and Bio control agent 

(PGPR mix II). There was an increase in magnesium content, boron content and 

zinc content in all combination treatments when compared to the alone treatments 

and from the untreated plants. But in case of protein content analysis, there was a 

decrease in total protein content in treated plants, mainly in the plants treated with 

systemic fungicides. The activity of defense related phenol and OD - phenol study 

exhibited that, there was an increased phenol content in treated plots. 

 

Effect of treatments on plant height and plant girth indicated that all 

treatments resulted in higher height and girth observed in control at harvest stage. 

Study of the other growth parameters like number of leaves and number of 

functional leaves  also resulted in the same conclusion that a 1.5 to 2 fold per cent 

increase in number of functional leaves at harvest stage where as 0.5 fold per cent 

increase in number of leaves in all the treated plants when compared to the 

absolute control. 

The study of yield per plant revealed that, 0.5 to 1 fold per cent increase in 

bunch weight. The other yield parameter studies revealed that the total number of 

hands, fingers per bunch and number of suckers were more than in untreated plots 

whereas, the number of days took for bunch emergence and bunch maturity was 

comparatively lower in case of treatment with maximum bunch yield, T5, Mg + 

Zn + B plus tebuconazole @ 0.1%. The maximum number of days took for bunch 

emergence and bunch maturity was in absolute control. Hence the results of 

integrated management for banana Sigatoka disease with respect to disease 

management, yield attributing characteristics were effective in the field trial that 

conducted. 

The economic analysis also revealed that the best inorganic treatment is 

application of Mg + Zn + B plus tebuconazole (0.1%) which recorded the highest 

yield, net income and benefit cost ratio which is followed by Mg + Zn + B plus  

PGPR (20 g l
-1

) under organic treatments. 



 

 

For the integrated management of banana Sigatoka leaf spot disease (caused 

by M. musicola R. Leach ex J.L. Mulder) in humid tropical southern zone of 

Kerala, the best treatment was found to be; Mg (2 g l
-1

) + Zn (3 g l
-1

) +B (2 g l
-1 

) 

plus  tebuconazole (0.1%) with aspect of maximum disease suppression, disease 

intensity reduction and highest yield. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 


