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ABSTRACT 

An investigation was carried out during 2009-2010 at Experimental 

field, as well as in Laboratory of department of Horticulture, Aromatic and 

Medicinal Plants, Mizoram University, Aizawl to study the effect of integrated 

nutrient management (INM) on growth, yield and quality of banana cv. Grand 

Naine, to analyze the soil health under banana plantation and to assess the 

economics of banana cultivation under INM in Mizoram, India. The 

experiment was laid out in RBD with 11 treatments and 3 replications. The 

different treatments were: T0 = Control (without any fertilizer), T1 = 100% 

Recommended dose of NPK + FYM (RDF),T2 = 100 % Recommended dose of 

NPK + Vermicompost,T3 = 100 % RDF + Azospirillum, T4 = 100% RDF + 

Trichoderma  harzianum,T5 = 100% RDF + VAM,T6= 100% RDF + PSB, T7 = 

100% RDF + VAM + Azospirillum + PSB,T8 = 100% RDF + VAM +  

Azospirillum + PSB + Trichoderma  harzianum,T9 = 75% RDF + VAM +  

Azospirillum + PSB + Trichoderma  harzianum,T10 = 50% RDF + VAM +  

Azospirillum + PSB + Trichoderma  harzianum. 

Among all treatments, treatment T8 (100% RDF + VAM + Azospirillum 

+ PSB + Trichoderma  harzianum) recorded the significantly highest yield of 

75.35 t/ha. It also recorded the maximum value with respect to different growth 

parameters viz. pseudostem height (266.55 cm), pseudostem girth(72.63 cm), 

number of functional leaves (14.40), total number of leaves per plant (31.27), 

leaf area (17.42 m2) and  leaf area index (5.52).   Regarding phyllochron, 



 

 

planting shooting interval and shooting harvesting interval, this treatment 

exhibited the lowest value of (8.07 days), (210.53 days) and (97.13 days). The 

treatments did not differ significantly in respect to crop duration and harvest 

index. 

Treatment T8 also showed superiority in different yield attributing 

characters like hands per bunch (10.20), fingers per hand (22.87), fingers per 

bunch (187.00), second hand weight (3.75 kg) and bunch weight (24.42 kg). 

Similarly, regarding different physical characters of finger like finger length, 

circumference, volume and weight the same treatment exhibited the 

significantly maximum values. 

Treatments also varied considerably in respect of different biochemical 

parameters of leaf. Among all the treatments treatment T8 recorded the 

maximum value in leaf total N, P2O5 and K2O and leaf relative water content. 

Estimation of quality parameters indicated significant difference among 

the treatments in respect of moisture content, TSS, acidity, ascorbic acid, 

reducing, total and non-reducing sugar. Among all treatments, T8 i.e. 100 % 

RDF + VAM + Azospirillum + PSB + Trichoderma  harzianum  recorded 

significantly lowest moisture content (70.91%), lowest acidity (0.25%), highest 

ascorbic acid (10.03 mg/100g), highest TSS (22.64 %), highest reducing sugar 

(9.33%), total sugar  (18.75%)  and sugar-acid ratio (76.10 ). Treatment T4 

recorded the highest value of non-reducing sugar (9.58). In contrast to these 

records, T0 recorded the highest moisture content (82.28%), highest acidity 



 

 

(0.30 %), lowest ascorbic acid (5.59 mg/100 g ), lowest TSS (17.82 %), lowest 

total sugar (16.87%), non-reducing sugar (8.27%) and sugar-acid ratio (56.03 ). 

Treatment T2  recorded the lowest value with respect to reducing sugar (8.08 

%).  

In respect to soil health parameters,  the significantly highest value in 

soil pH(5.52) and organic carbon (0.85%)  was recorded in treatment T8 i.e. 

100% RDF + VAM + Azospirillum + PSB + Trichoderma  harzianum. The 

same treatment also exhibited the highest value with respect to available 

nitrogen (296.64 kg/ha), phosphorus (37.33 kg/ha) and potassium content 

(223.21 kg/ha) of the post harvest soil as compared to other INM packages.  

The most profitable treatment in terms of economics of cultivation was 

T8 (100% RDF + VAM +  Azospirillum + PSB + Trichoderma  harzianum) with 

a cost: benefit ratio of 4. 22. The treatment also recorded the highest gross 

expenditure (Rs 26, 4, 110.00) and net income value of Rs. 11, 15, 180.20.  

The overall assessment of the present study concluded that the treatment 

T8 (100% RDF + VAM +  Azospirillum + PSB + Trichoderma  harzianum) 

was the most efficient one in respect of growth, yield and quality parameters, in 

improving soil health as well as highly remunerative from economics point of 

view in ‘Grand Naine’ banana under Mizoram condition.  
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Chapter I:  INTRODUCTION 



 

 

Chapter I 

Introduction 
…….…………………………………………………………………………………… 

Banana is a wonder berry forming staple food of millions. It is one of 

the earliest fruit crops grown by mankind at the dawn of civilization. In India, 

banana has long period of domestication as evidenced by its mention in 

Kautilya’s “Arthasastra” (300 to 250 B.C.) and its presence in the paintings and 

sculptures of Ajanta and Ellora (400 to 300 B.C.) It is referred as “Kalpataru” 

(a plant of virtue or heaven) and the fruit is a symbol of peace, wealth and 

prosperity. 

Banana, the world’s largest monocotyledonous, monoecious, 

monocarpic, perennial herb belongs to the botanical family Musaceae (Section 

Eumosa) with 1000 varieties all over the world (Purseglove, 1976). It is 

cultivated throughout the warmer countries and is mostly confined to the 

regions between 30º N and 30º S of the equator. The crop is predominantly a 

tropical plant, but can also well suit to the subtropical climate.  

Banana is believed to have originated in the hot tropical regions of 

South-East Asia (Spiden, 1926 and Sauer, 1952) and is grown successfully in 

sub-tropical regions. The Assam- Myanmar-Thailand is supposed to be not 

only the centre of origin of banana but also treated as the main centre of 



 

 

diversity (Simmonds, 1962). Now banana is cultivated in a varied climatic 

conditions ranging from rainfed areas on the hill slopes of Tamil Nadu and 

north eastern states to the wert paddy lands of Andhra Pradesh and Tamil Nadu 

to the heavy rainfall areas of west coast and the central arid and semi arid zones 

of Andhra Pradesh and Maharashtra.  

In the world of fruits, banana is a complete food packed with all the 

necessary energy and healthy giving elements (Anon., 1969). On account of 

these properties combined with delicious taste and flavor, it is in demand as 

fresh fruit in general and in a processed form all over the world and is gaining 

commercial popularity in the international fruit trade (Thomas et al., 1968). It 

provides a more balanced diet than many other fruits and hence also termed as 

wholesome fruit. It is also known for its medicinal properties. Banana has been 

widely acclaimed as an instant energizer, hence widely favoured by sportsmen. 

Each hundred gram of banana provides about 100 calories of energy which is 

50% more than released by fruits like apples, citrus and many others 

(Karthiayani et al., 2006). 

 Among all the fruits, banana is plentiful, most nourishing and 

relatively a cheaper source of nearly all essential nutrients including vitamins 

and minerals and rich source of energy. It provides a more balanced diet 

containing sufficient amount of carbohydrates and nearly all the essential 

nutrients including minerals, vitamins. It contains carbohydrate (27.0%), crude 



 

 

fiber (0.5%), protein (1.2 %), fat (0.3%), ash (0.9%), phosphorous (290.0 ppm), 

calcium (80.0 ppm), iron (6.0 ppm), β-carotene (0.5 ppm), riboflavin (0.5 

ppm), niacin (7.0 ppm), ascorbic acid (120.00 ppm) etc with calorific value 

between 67-137/100 g of pulp (Singh and Uma, 1996; 1997). Considering the 

nutritive value and fruit value of banana, it could be considered as “Poor man’s 

apple”. 

Banana is the fourth in the list of the developing world’s most important 

food crops after rice, wheat and maize. Each year more than 100 million tonnes 

of banana is produced from 10 million hectares of land spanning in 120 

countries of the world. Being a tropical crop, it is grown largely in Asia, Latin 

America and Africa (Anon., 2005). Banana occupies an important position in 

Indian economy and it is the second important fruit next to mango. India is the 

largest producer of banana in the world with an annual production of 26217 

thousand tonnes from an area of 709 thousand hectares spread all over the 

country (http:// planningcommission.gov.in). But India export only 10,876 

tonnes, representing only 0.067% of its production. Cultivar Nendran enjoys 

the lions share of the export. The Philippines, which ranks sixth in terms of 

production (about 5.41 million tonnes) after Uganda, Brazil, Equador and 

China is much ahead of India in banana export (Anon., 2005). The perishable 

nature of table variety is a major drawback for distant transport and storage 

during glut in the market. Though India is the leading producer of banana, this 



 

 

quantum of production is not satisfactorily utilized. About 25-30% of it is 

wasted due to improper handling, packaging, transportation and storage 

facilities (Karthiayani et al., 2006). 

Banana is a heavy feeder of nutrients and requires large quantities of 

nutrients for its growth, development and yield. Banana crop requires all the 

three major nutrients viz. N, P and K for their growth and development. A great 

deal of research on banana nutrition in relation to fertilizers has been 

accomplished elsewhere (Dagade, 1986; Agarwal et al., 1997; Lopez, 1998; 

Patel et al., 1999, Singh and Singh, 2004; Babu and Sharma, 2005; Bhalerao et 

al., 2009 and Thangaselvabai et al., 2009) with prime focus on yield and 

quality of fruit. The requirements of these nutrients are generally supplied by 

inorganic fertilizers. But this often results in extreme situations for the soil, 

crop and climate involved. Excess fertilization could be the main cause of 

pollution in surface and ground water and once fertile soils are now become 

diseased and dying under the influence of indiscriminate and uncontrolled use 

of inorganic fertilizers. The indiscriminate intensification of production 

technology has led to severe land degradation.  Romero (1998) pointed out that 

the intensive banana culture has caused a gradual decrease in soil fertility to 

such an extent that today 100 per cent more fertilizer is required to produce the 

same amount of the yield per hectare that was previously obtained. The soil has 

lost its biological dynamic owing to repeated and indiscriminate use of 



 

 

chemical fertilizer. As observed by Vandanashiva (1992) in Punjab, where 

green revolution made much headway, the once fertile soils are now become 

diseased and dying under the influence of indiscriminate and uncontrolled use 

of inorganic fertilizers. Swaminathan (1996) also cautioned against 

indiscriminate and imbalance use of fertilizers in agriculture. 

Consequently, there is renewed interest among the researchers to 

identify the supplementary/ alternative sources of inorganic fertilizers to meet 

the nutrient demand of the crop in an eco-friendly manner and also to retain the 

physical, chemical and biological properties of the soil without any loss. As a 

result, several organic and biological sources have emerged as viable 

supplementary sources of inorganic fertilizers in crop nutrition programme. 

The use of available resources like organic, inorganic and microbial inoculants 

with an integrated approach for sustainable economic yield has been receiving 

wide attention. 

Organic manures are very cheap and easily available, apart from 

partially fulfilling the nutrient demand, it also improves soil structure, enhance 

fertility and promote biological activity. The organic manure gives better 

quality produce as compared to those grown with inorganic source of fertilizer 

(Abusaleha and Shanmugavelu, 1988). They are superior with respect to 

desirable ingredients such as minerals, vitamins (B1, B2 and C), carbohydrate, 

protein and free amino acids as well as organic acids (Woese et al., 1997). 



 

 

Crop produced by the application of organic manures possess good firmness 

and have long storage life (Pandey and Singh, 1998). But release of nutrients 

from organic sources is much slower than chemical fertilizers, for which rapid 

demand of crop needs can not be met through organic manures alone. 

Biofertilizers such as Azospirillum, PSB, VAM have potential practical 

applications to increase crop productivity through increased biological nitrogen 

fixation, increased availability or uptake of nutrients through phosphate 

solubilization or increased absorption, stimulation of plant growth or by rapid 

decomposition of organic residues. Azospirillum also produce growth 

promoting substances like IAA and GA and their phyto-hormones go a long 

way in enhancing the crop growth (Govindrajan and Thangaraju, 1998). 

The global mandate of today is to use organic sources of plant nutrients 

to restore the biological dynamic and/or the soil fertility in banana plantation 

(Dorel and Besson, 1996). In recent years, a new approach for utilization of 

available resources viz organic, inorganic and microbial inoculants with an 

integrated approach for sustainable economic yield termed as ‘Integrated Plant 

Nutrient System’ (IPNS.) has emerged which has already been receiving wide 

attention and are contributing substantially towards acceleration of crop 

productivity by maintaining chemical, physical and biological balance in soil 

plant system. The basic principle of ‘IPNS’ is about maintaining soil fertility to 

an optimum level, sustaining the increased productivity and improving farmers 



 

 

profitability through judicious use of mineral fertilizers, organic manures, 

vermicompost and bio-fertilizers. It is ecologically sound and economically 

viable farming system that enables economy and efficiency in fertilizer use and 

favorably effects the physical, chemical and biological environment of soil 

(Tandon, 1991).  

Complementary use of bio-fertilizers, organic manures and bio-agents in 

combination with chemical fertilizers not only helps to maintain higher crop 

productivity but also sustain higher soil fertility. Exploitation of soil microbial 

community along with other organic materials is one of the components of 

integrated fruit production (Sansavini, 1997). Therefore, the highest possible 

efficiency in use of fertilizers as well as maximum use of available alternate 

sources of nutrients is needed to be ensured. Nutrient added through combined 

inorganic and organic sources are better utilized than inorganic alone, besides 

reducing cost of production and maintaining soil health (Sarvanan et al., 1986). 

Moreover long term sustainability of productivity could be achieved only 

through interaction of inorganic and organic sources of nutrients (Nambair and 

Arbol 1989; Hedge et al., 1992 and Singh and Yadav, 1992). In this context 

Integrated Nutrient Management (INM) system involving conjunctive use of 

fertilizer, bio-fertilizer and organic sources of nutrients assumes greater 

significance to boost the productivity of banana and maintain soil health in a 

sustainable manner. 



 

 

North eastern region of India is very rich in indigenous banana 

germplasm of both wild and cultivated types and some of the cultivars like 

Kanaibashi, Hatidat, Dingamanki, Bhimkal etc are available in this region only. 

Mizoram is an expanse of blue green hills situated at southern extreme of North 

east India. Out of all the fruits grown in the state, banana has already attained 

commercial importance and wide popularity by yielding some economic 

benefit to the growers. In Mizoram, a large number of banana cultivars like 

Giant Cavendish, Dwarf Cavendish and a number of wild varieties are grown 

in addition to recent introduction of exotic cultivar like Grand Naine. In recent 

years, Grand Naine is best preferred variety in the entire state due to its good 

shape, size and delicious taste. Banana plantation in the state is covering an 

area of 6220 ha and production of 1,51,519 tonnes with a productivity of 24.36 

t/ha (2007-08) (http://databank.nedfi.com) which is lower than that of national 

average (36.20 t/ha).  Though the state is naturally blessed with suitable agro- 

climatic conditions for growing banana, yet the average yield of banana is 

rather lower than any other states of India due to poor management, traditional 

system of cultivation, lack of irrigation in winter, least, injudicious and 

imbalance use of fertilizers, use of traditional and unproductive varieties and 

continuous ratooning. So, it is the high time for the scientific communities to 

study the performance of banana cultivation with some improved varieties by 

using most optimum dose of nutrients so that the state will not only be  self 

sufficient in terms of yield and quality but also will  gain export potentiality.  



 

 

Keeping in view all the above background information and research 

gaps, the present research work   has been planned to evaluate the performance 

of banana cv. Grand Naine under the influence of integrated nutrient 

management (INM) in Mizoram condition with the following objectives:  

1. To study the effect of Integrated Nutrient Management (INM) on 

growth and yield of Grand Naine.  

2. To study the effect of INM on quality parameters.   

3. To analyze the soil health under banana plantation.  

4. To assess the economics of banana cultivation under Integrated 

Nutrient Management. 
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When crops are grown continuously in a piece of land, nutrient supplying 

capacity of the soil becomes exhausted. So, the nutrient removal by crops must 

be replenished through external addition of nutrient elements. But if only 

chemical fertilizer is applied there may be loss of biological properties of the 

soil. Nutrient imbalance created by single or combined application of NPK 

through chemical fertilizers is stated to be the main reason for non sustainable 

yield. Under good management conditions and adequate supply of biofertilizers 

and organic manures, the nutrient removal can be replenished and soil physical, 

chemical and biological properties can be improved. Nutrients added through 

combined inorganic and organic sources are reported to be better utilized than 

inorganics alone besides reducing cost of production and maintaining soil 

health (Sarvanan et al., 1986). It is indicated that fertilizers induced drop in pH 

could be neutralized and further improvement in soil physical condition can be 

achieved by supplementing part of the inorganic fertilizers with organic 

manures and biofertilizers and that it could also be possible to defer the onset 

of deficiency of some of the essential elements (Bhalerao et al., 2009; Sharma 

et al., 2009). 



 

 

Integrated Nutrient management (INM) involves conjugative use of 

inorganic fertilizers, organic manures and biological source of nutrients. 

Considering the environmental and ecological problems and present energy 

crisis, integrated nutrient management has been gaining popularity all over the 

world.  

The literature pertaining to recent research works conducted in India and 

abroad on the influence of integrated nutrient management on crop growth, 

yield, quality and soil health have been reviewed in this chapter. 

2.1   GROTH AND YIELD 

2.1.1   Effect of Integrated Nutrient Management 

 Nutrients are the most important factor affecting growth, yield and 

quality of a crop. Application of organic manures and biofertilizers in 

combination with inorganic fertilizers play an important role in growth and 

development of the plants. 

INM lays emphasis on continuous improvement in soil productivity on 

long term basis through appropriate use of fertilizers, bio-fertilizers and green 

manures and their scientific management for optimum growth, yield and 

quality of crop in specific agro-ecological situation (Marathe and Bharambe, 

2007). There are reports from elsewhere on use of INM in different fruit crops. 

The noticeable are - Rathi and Bist (2004) in pear, Marathe and Bharambe 



 

 

(2007) in citrus, Korwar et al. (2006) in aonla, Sharma et al. (2009) in guava 

and Singh and Singh (2009) in strawberry as they reported the beneficial 

effects of INM on these fruit crops. .  

Several workers around the globe observed the effect of application of 

organic manures and biofertilizers in combination with inorganic fertilizers in a 

good number of banana cultivars. Gomes et al.  (1988) reported that the highest 

bunch weight of banana was obtained by combining NPK fertilizers with FYM. 

On the other hand, cattle manure, crop residue and lime either singly or in 

combination had no effect on banana yield, cycle length and bunch weight. 

Similalry, Prabhuram and Sathiamoorthy (1993)observed that combination of 

25 per cent N as FYM + 50 per cent as neem cake + 25 per cent as urea 

reduced the crop duration (404.08 days) in banana cv. Rasthali followed by 

405.33 days due to application of 25 per cent N as neem cake + 75 per cent as 

urea. Likewise, Hemeng et al. (1995) obtained significantly higher plant height, 

girth and early flowering in plantain with poultry manure alone or poultry 

manure in combination with 25 per cent inorganic NPK. Application of 

biofertilizers (Azospirillum, phosphobacteria and VAM) and organic manure 

(FYM) along with 75% NPK increases bunch weight up to 15.3 kg in hill 

banana var. ‘Virupakshi’ (Chezhiyan et al., 1999). 

Thangaselvabai et al.  (2009) studied the performance of banana cv. 

‘Rasthali’ with split application of higher levels of nitrogen and Azospirillum 

and obtained highest bunch length, hands/bunch, finger/bunch, bunch weight 



 

 

and yield/ha with 100:30:330 g NPK/plant in two splits and Azospirillum. 

Thangaselvabai et al. (2009) also reported that a fertilizer dose consisting of 20 

t FYM, 5 kg Azospirillum and phosphobacteria, 250 g neem cake + 200:35:330 

g NPK/plant along with foliar application of 0.5% ZnSO4, 0.2% FeSO4, 0.2% 

CuSO4 and 0.1% Borax was beneficial in getting higher yield and quality fruits 

of banana in Tamil Nadu condition. Athani et al.  (2009) stated the advantage 

of combined application of inorganic fertilizers and vermicompost in 

increasing the plant height, girth, number of functional leaves, leaf area, 

number of suckers per plant and yield per plant in banana cv. ‘Rajapuri’.  

The combined application of 25 per cent FYM and 75 per cent inorganic 

fertilizers not only improved vegetative growth but also shortened the time 

required for emergence of bunch in banana (Roy and Yadav, 1996). They also 

reported lowest yield with inorganic fertilizer alone while the highest yield was 

recorded with the combination of organic manures and inorganic fertilizers. In 

addition, Singh et al. (1996) reported that the combination of nitrogen (300 g), 

potassium (200 g), oilcake (100 g) and Planofix 150 ppm per stool in two splits 

gave the highest yield with early maturity compared to control in banana.  

Geetha and Nair (2000) suggested an IPN package consisting of green 

manure   (cowpea) or vermicompost @ 5 kg/plant and 75 per cent of the 

recommended dose of fertilizer N for higher yield of banana cv. Nendran in 

alluvial soils of Kerala. Field experiments with banana cv. Barjahaji conducted 

in Assam Agricultural University, Jorhat revealed significant increase in bunch 



 

 

weight and yield with Azotobacter and organic supplements over 100 per cent 

fertilizer N. The highest bunch weight of 18.89 kg and yield of 58.29 t/ha were 

recorded with Azotobacter 100 g per plant + 75 per cent N as inorganic 

fertilizer and registered an increase of 18.07 per cent over 100 per cent 

fertilizer N (Sharma, 2002). 

Rathi and Bist (2004) conducted an experiment with different organic 

manures and biofertilizers with or without chemical fertilizer and reported that 

the treatment involving the use of organic manures and inorganic fertilizers had 

significant effect on yield and quality of ‘Pant pear-18’. The treatments 

consisting of 10 kg poultry manure + 300:150:250 g NPK/tree through 

fertilizer had maximum yield (50.17 kg and 62.50 kg respectively) in both the 

year. Kanamadi et. al. (2004) reported that the treatment comprising 100% 

recommended dose of NPK +VAM +PSB +Azospirillum + Trichoderma 

harzianum have registered highest pseudostem height, girth,  leaf area and 

higher yields in banana. 

Gogoi et al. (2004) reported the beneficial effect of combined use of 

inorganic fertilizers and biofertilizer on increasing the yield of banana. They 

obtained highest number of bunch per bunch, fingers per hand, weight of 

second hand, bunch weight, yield and harvest index in the treatment consisting 

of Azospirillum +PSB + ½ RD of N + RD of P and K. Integrated nutrient 

management was also found beneficial by Babu and Sharma (2005) for growth 

and yield of banana. Furthermore, they obtained highest value of plant height 



 

 

and girth under treatment 100 % NPK + 20 kg FYM + 10 kg Azolla.  The 

treatment 50% NPK + 20 kg FYM + 10 kg Azolla recorded the lowest shooting 

period, maturity period and crop duration and maximum number of fingers per 

bunch and yield per plant.  

Organic manure in combination with 100 per cent NPK increased plant 

crop bunch mass and stem circumference and reduced days to harvest in 

banana cv. Israeli Grand Naine (Smith, 1998). Chiang et al. (1996) observed 

that tissue cultured plantlets of banana cv. Giant Cavendish grown in an 

alluvial soil with 2 per cent of organic matter and half of the recommended 

dose of fertilizer N was optimal to the physiological requirements of the entire 

crop cycle. The growth rate, shooting time and bunch weight of banana plants 

were about the same as those receiving higher rate of nitrogen. Singh and Singh 

(2004) obtained significantly higher plant height, plant girth, number of total 

and functional leaves and finger length, fingers per bunch, hands per bunch and 

bunch weight an in banana in VAM + 300 g N + 75 g P + 300 g K treatment. 

The treatment also required less days to shooting and maturity in banana cv. 

Dwarf Cavendish. Bhalerao et al.  (2009) reported that application of 100% 

recommended dose of NPK through inorganic sources + 10 kg FYM per plant 

+ biofertilizer recorded the maximum plant height, stem girth, hands per bunch, 

fingers per bunch, bunch weight and yield per hectare in tissue cultured banana 

cv. Grand Naine.  



 

 

Besides, integrated nutrient management was also found beneficial for 

many other horticultural crops. Tarai and Ghosh (2006) obtained highest plant 

height, basal girth, canopy volume and yield in sweet orange cv. Mosambi with 

the treatment 200 g N: 75g P2O5 and 150 g K2O + 2 kg neem cake per plant as 

compared inorganic fertilizer alone or combination of inorganic fertilizer and 

organic manure or biofertilizer. Likewise, Patel et al. (2009) conducted an 

experiment with integration of chemical fertilizer, biofertilizer and 

micronutrients and they reported highest plant height, trunk diameter, plant 

spread, canopy volume, fruits/tree and fruit yield in the  treatment ¾ N (300 g) 

+ ¾ P (250 g) + ¾ K (300 g) +AMF (5 g) + Azospirillum (5 g) + along with 

spray of 0.4 per cent micronutrients (Cu+ Fe+ B+ Zn) in sweet orange cv. 

Mosambi. Similarly, Korwar et al. (2006) reported that integration of fertilizer 

in terms of 50% vermicompost and 50% inorganic fertilizer was beneficial in 

obtaining highest yield in ‘aonla’.  Maximum growth and yield of strawberry 

cv. Sweet Charlie was obtained in terms of plant height, leaf chlorophyll 

content, total biomass, highest fruit set and yield in the treatment consisting of 

Azotobacter + Azospirillum + 50% N of recommended dose+100 ppm GA 

(Singh and Singh, 2009). 

 In addition, Dutta et al.  (2009) recently studied the response of 

biofertilizer and inorganic fertilizer on growth and productivity of guava and 

obtained the highest plant height, plant spread and yield in the treatment 100% 

N + 100% P2O5 + Azospirillum + VAM . Umar et al.  (2009) while studying 



 

 

the effect of FYM, urea and Azotobacter on growth and yield of strawberry cv. 

Chandler in SKUAST, Jammu obtained the plant highest plant height, plant 

spread, leaf area and yield with 100% N through urea + Azotobacter. Review, 

therefore suggests that biofertilzers alone or in combination with fertilizers may 

considerably improve the growth and productivity of many horticultural crops 

2.1.2   Effect of Organics 

Organic manure is a broad term. It includes manures from cattle dung, 

excreta of other animals, rural and urban compost, other animal wastes, crop 

residues and green manures. Organic manure improves the soil physical, 

chemical and microbiological properties and ultimately the crop yield. The 

most commonly used organic manure in India is Farm Yard Manures (Rai, 

1977; Patnaik, 1987). It consists of a mixture of animal shed wastes containing 

dung, urine and straw. An application of 10 t/ha well rotten FYM can add 50-

60 kg N, 15-20 kg P2O5 and 50-60 kg K2O. FYM contains 0.5-1% N, 0.15-0.20 

% P2O5 and 0.5-0.6% K2O. The importance of earthworms in improving the 

soil fertility has been establishing during the mid nineties (Satchel 1958). The 

potentiality of vermicompost as an alternative to chemical fertilizers has 

already been explored elsewhere (Kale et al., 1992). It is however; only during 

last 15-20 years that organic manure has been incorporated into Integrated 

Nutrient System which can provide substantial amount of nutrients and those 

should be treated as supplements to mineral fertilizers and not as their 

substitute. 



 

 

 The crop yield of banana cv. Embul by the application of 3.3 tonnes of 

cattle manure/acre every four month or six gallons of cattle shed waste/mat 

every two weeks was increased from 6.287 t/acre in untreated controls to 6.563 

and 6.442 t/acre respectively. Besides the number of fruits per bunch and the 

height and girth of the plants was also increased (Herath et al., 1977). Singh et 

al.  (1979) while conducting experiment on the effect of different manures on 

growth and yield of banana observed that mustard cake caused earlier shooting. 

Economically the use of neem oil cake, mustard cake and cowdung seems most 

profitable. Similarly, Chundawat et al.  (1983) considered urea + castor cake at 

1:1 ratio as economically the best combination for improving yield in banana 

cv. Basrai. 

  Gomes et al.  (1988) reported that the highest bunch weight in banana 

was obtained by combining NPK fertilizer with FYM. On the other hand, cattle 

manure, crop residues and lime either singly or in combination had no effect on 

banana yield, cycle length and bunch weight (Gomes et al., 1998). 

Satyanarayan (1990) reported that green manuring practice with Dhaincha @ 

50 kg/ha improved plant growth characters, bunch characters, reduced crop 

cycle and compensated for the extra cost involved leading to higher benefit-

cost ratio in banana. Furtheremore, he suggested to incorporate green manure 

well in advance of banana planting to benefit the plant crop and successive 

crops. However, the effect was more pronounced under green manuring 

followed by mulching.  



 

 

Gubbuk et al. (1993) obtained the highest stem and fruit growth rates with 

225  kg FYM/mat for dwarf Cavendish and 150 kg FYM/mat for Basrai 

banana. FYM also reduced the time for fruit development as compared to 

inorganic N. The usefulness of organic sources of nutrient could also be 

witnessed from the study of Bananuka and Rubalhayo (1994) as they obtained 

37.6 % greater bunch weight and 66% greater yield in banana grown in 

backyard garden than distant banana garden due to continuous supply of 

compost and household waste. Likewise, Chiang et al. (1996) observed that 

tissue cultured plantlets of banana cv. Giant Cavendish grown in an alluvial 

soil with 2 per cent of organic matter and with nitrogenous fertilizers applied at 

one half of the recommended dose of fertilizer N was optimal to the 

physiological requirements of the entire crop cycle. The growth rate, shooting 

time and bunch weight of banana plants were about the same as those receiving 

higher rate of nitrogen. Moreover, Hemeng et al. (1995) obtained significantly 

higher plant height, girth and early flowering in plantain with poultry manure 

alone or poultry manure in combination with 25% inorganic NPK. The yield 

was observed to be higher (10.2 t/ha) in poultry manure alone which was 

closely followed by poultry manure + 25% NPK with a yield of 9.2 t/ha. 

A combination of FYM and inorganic fertilizers (25%:75%) not only 

improved vegetative growth but also shortened the time required for bunch 

emergence (Roy and Yadav, 1996). Singh et al. (1996) reported that the 

combination of nitrogen (300 g), potassium (200 g), oilcake (100 g) and 



 

 

planofix (150 ppm) per stool in two splits gave the highest yield with early 

maturity compared to control in banana. Vermicompost as organic sources to 

supplement 200 g nitrogen/plant in banana cv. Njalipoovan recorded highest 

number of fingers per hand, mean weight of hands and highest yield of 15 

kg/plant. (Ushakumari et al., 1997). 

Fernandez et al. (1998) reported that commercial mixture of 

microorganisms containing N-fixing bacteria, humus producing bacteria, 

moulds and algae improved pseudostem circumference and number of 

fingers/hand and advanced flowering time in banana. Organic matter improves 

the condition of the plant with respect to N and K, both the key elements in 

banana production linked to protein and carbohydrate synthesis, which 

promotes root growth and formation (Garcia et al., 1998). Gawande et al.  

(1998) reported that application of inorganic fertilizers + FYM with or without 

earthworms recorded maximum number of fruits and fruit weight. Romero 

(1998) obtained yield of banana similar to chemical fertilizers by using 

compost, animal manure, vermicompost and green manure like Crotolaria and 

Clitoria as complementary source of chemical fertilizers. Smith (1998) 

reported that organic manure in combination with 100 per cent NPK increased 

the plant crop bunch mass and stem circumference and reduced days to harvest 

in banana cv. Grand Naine. 

Athani et al. (1999) observed that 75 per cent recommended NPK + 2 kg 

vermicompost per plant recorded the minimum number of days (236.30) for 



 

 

shooting and shortened the crop duration by 13.2 days over inorganic fertilizers 

alone. However, the highest yield was recorded due to application of inorganic 

NPK alone in Banana cv. Rajapuri. Improvement in crop growth and yield due 

to combined use of vermicompost and fertilizers was also reported by 

Rajkhowa et al.  (2000). Chezhiyan et al.  (1999) found that FYM along with 

75 per cent NPK was effective in increasing the bunch weight in banana cv. 

Virupakshi. 

Application of banana compost with 25 per cent or 50 per cent chemical 

fertilizer plus sulphur improved vegetative growth, gave high yields with good 

fruit quality and the production cost was also lowest in banana (El Naby, 2000) 

while Dorel and Besson (1996) reported that organic matter application is 

costly and labour intensive although it had several beneficial effects on banana. 

Geetha and Nair (2000) suggested that INM packages consisting of green 

manure (cowpea) or vermicompost @ 5 kg/plant and 75 per cent of the 

recommended dose of fertilizer- N for higher yield of banana cv. Nendran in 

alluvial soils of Kerala. 

Ray et al.  (2008) in an experiment consisting of FYM, vermicompost, 

poultry manure, neem cake and inorganic fertilizer mixture viz. 200 g N + 250 

g P2O5 + 100 g K2O  observed the highest plant height, girth and other yield 

attributing characters in the treatment 10 kg of poultry manure.  Babu Ratan et 

al.  (2008) studied the organic banana production system with different 

combination of organic manures viz. vermicompost, FYM, poultry manure and 



 

 

neem cake  and biofertilizer Azospirillum and reported their profound effect on  

leaf emission rate, leaf senescence rate, total leaf production and crop duration 

of banana in plant and ratoon cycles. Recently, Sangeetha and Thevanathan 

(2010) reported higher rates of shoot and root growth and number of leaves, 

leaf area and number of root nodules in pulse seedlings grown in soil amended 

with seaweed based panchagavya at low concentration (1:100 panchagavya : 

soil).  

As in banana, organic manure was also reported to be beneficial in a 

number of crops. A significant increase in yield of coconut was recorded with 

in situ cultivation and incorporation of green manuring crop Crotolaria juncea 

(Vijayaraghavan and Ramchandran, 1991). Economic analysis revealed that 

growing cowpea  as green manure and applying nutrients in a combination of 

25% FYM and 75 % inorganic fertilizer was the most remunerative treatment 

on account of lower cost-benefit ratio. 

Aneesa Rani and Sathiamoorthy (1997) recorded highest root weight in 

papaya by combining 25 per cent FYM + 25 per cent neem cake + 50 per cent 

inorganic nitrogen source in addition to 75 per cent sterameal + 25 per cent 

inorganic P source while shoot weight and total biomass were significantly 

higher at 25 per cent FYM + 25 per cent neem cake + 50 per cent inorganic 

nitrogen source in addition to 50 per cent sterameal + 50 per cent inorganic P 

source as compared to inorganic sources of NPK alone. The root enzymes 

activity showed that nitrate reductase, acid phosphotase, dehydrogenase and 



 

 

peroxidase was the highest in treatment substituted with 50 % organic N and 

75% organic phosphate. Again, the neem cake treatments reduced the 

nematode population to an appreciable extent. In addition, Manjunath et al.  

(2001) found VAM fungi (Glomus fasciculatum) to be effective in increasing 

the plant height, stem girth, petiole length and number of leaves in papaya. 

2.1.3   Effect of Biofertilizer 

 Biofertilizers offer an economically attractive and ecologically sound 

means of reducing external inputs and improving the quality and quantity of 

internal resources.   They are useful in increasing yield, quality and production 

of crops when they are used in combination with inorganic fertilizers and 

organic manures in a balanced proportion. Biofertilizers are not only a potential 

source of plant nutrients but also supply many micronutrients, plant growth 

promoters and antifungal substances besides maintaining the soil fertility and 

sustainability in natural ecosystem. In recent years, biofertilizers have emerged 

as an important component of integrated nutrient supply. Various field 

experiments indicated tremendous potentialities of biofertilizer in 

supplementing inorganic fertilizers. Azotobacter and Azospirillum are used 

extensively to substitute nitrogeneous fertilizers in nutrient management 

programmes. Research carried out over the past several years indicated that the 

plants inoculated with Azotobacter and Azospirillum derive positive benefit in 

terms of increased yield, plant biomass and N uptake are attributed to small 

increase in N from biological nitrogen fixation, development and branching of 



 

 

roots, production of plant growth hormones, enhancement in uptake of NO-
3, 

NH+
4, H2PO-

4, K+
 and Fe 2+,  improved water status of plants, increased nitrate 

reductase activity in plants and production of antibacterial and antifungal 

compounds (Wani, 1990). Furthermore, Azotobacter and Azospirillum have 

also been found to promote synthesis of growth promoting substances like 

auxins, gibberellins, cytokinins and antibiotic metabolites which in turn, 

improved resistance against biotic and abiotic stress (Awasthi et al., 1998). 

Beneficial effect of biofertilizers has been reported in many fruit crops 

like citrus (Menge et al., 1980; Onkarayya and Sukhada, 1993), apple 

(Plenchette et al., 1981) and strawberry (Hughes et al., 1978). Wang (1996) 

reported that combination of Azospirillum with 150 kg N/ha on strawberry cv. 

Seaseape increased the yields by 54% compared to N alone. This treatment also 

recorded highest number of fruits per plant and clump weight. In Egypt, the 

effect of biofertilzers ( Phosphorine, Rhizobacteria and Nitrobeine) on fruit set 

and productivity of Red Roomy grapevine. The use of phosphorine was found 

to improve fruit set and yield as well as physical and chemical properties of 

fruits than other biofertilizers (Akl et al., 1997). Kohli et al. (1998) opined in 

favour of extensive use of vermicompost, farm yard manure and biofertilizers 

like Azotobacter, Azospirillum, VAM in citrus production. 

Wang et al.  (1998) reported that microbial inoculation of strawberry cv. 

Sujata with Microphos (Phosphate solubilizing bacteria), Azotobacter and 

Azospirillum significantly increased the number of leaves and number of buds 



 

 

per plant. Singh et al.  (2000) reported that the height, trunk diameter, canopy 

volume, root growth and biomass production were affected by different 

biofertilizers along with chemical fertilizers on orange cv. Mosambi. Shaban 

and Mohsen (2009) reported that combined application of phosphorine, 

nitrobine and microbine at 20 g each per seedling recorded the best results for 

seedling height, thickness, number of leaves, leaf area, root length, root dry 

weight, seedling dry weight, leaf N, P and K content of Sour orange and 

Volkamer lemon rootstocks. Also this treatment recorded the highest budding 

success percentage, scion length, number of leaves per scion, leaf chlorophyll 

content and leaf N, P, K content of Valencia orange budded on both Sour 

orange and volkamer lemon rootstocks.   

A combination of biofertilizer with growth regulators has influencing 

effect in growth of seedlings of Pecannut (Joolka et al., 2004). They reported 

that  VAM + Azospirillum + GA3 5000 ppm was effective in increasing the 

linear growth, radial growth,  intermodal length, number of leaves, and leaf size  

in Pecannut seedlings. Azotobacter also helps in compensating the nitrogeneous 

fertilizer even in non-legume crop like mango (Ahmed et al., 2005). The leaf 

N, P and micronutrients also showed increasing trend at flowering and harvest 

stage of crop due to application of Azotobacter. Rana  and Chandal (2003) 

reported that the plant growth and yield of strawberry were significantly 

increased with the application of biofertilizer and nitrogen.  



 

 

Dey et al. (2005) reported that application of phosphate solubilizers 

significantly influenced fruit weight of guava over the control. Highest fruit 

weight (154.5 g), fruit length (4.2 cm) and fruit diameter (4.68 cm) were 

obtained with the application of phosphobacterin. Aseri et al. (2008) reported 

that combined application of Azotobacter chrooccum and Glomus mosseae was 

effective in increasing the plant height, plant canopy, pruned plant material and 

fruit yield in pomegranate fruit. Aseri et al.  (2009) obtained significant 

improvement in the plant height, plant canopy, collar diameter and fruit yield in 

five year old aonla plants by incorporating biofertilizer Azotobacter chrooccum 

and Glomus mossae combinely. 

Kumar and Shanmugavelu (1980) reported that in Banana, both soil and 

foliar application of nitrogen and in combination with Azotobacter increased 

the plant height and girth significantly, but did not significantly influence the 

total number of leaves, leaf area, phylochron and sucker production. The bunch 

characters in respect of number of hands and fingers were significantly 

influenced by foliar application of urea and its combination with Azotobacter in 

banana (Kumar and Shanmugavelu, 1988).  

  Azospirillum inoculation in general enhanced the height and girth 

of pseudostem, leaf production and leaf area in banana cv. Poovan. The bunch 

characters were also positively influenced. Inoculation with Azospirillum 

caused 8.2-13.1 per cent increases in bunch weight, besides reducing the 

phyllochron. Inoculation of Azospirillum at 75 per cent of fertilizer-N had the 



 

 

similar effect in increasing the above parameters as that of 100 per cent 

fertilizer without inoculation (Jeeva et al., 1988). Biofertilizers like 

Azotobacter, mycorrhiza, phosphorine induced greater vigour and faster 

development of tissue cultured banana plantlets and reduced the phase of 

preadaptation to field conditions by 15 to 20 days. The commercial yield 

increased by 25-30 per cent, enabling a saving of up to 50 per cent on inorganic 

fertilizer (Ruiz et al., 1992). 

Dibut et al.  (1996) in Cuba, studied the potentialities of Azotobacter 

chroococcum as a nitrogen fixer and biostimulant for banana production on 

cv.Giant Cavendish and found that the bacterial inoculation along with N-

fertilizer between 80-100% favoured fruit development increasing the fruit per 

rachis ratio. Bacterial inoculation could compensate for 20% of the N fertilizer 

without changing the yield corresponding to 30 g N/plantlet. Ruiz (1997) 

suggested combined use of Azotobacter, mycorrhiza, phosphorine as biological 

growth stimulant for tissue cultured banana plantlets. The treatment increased 

the dry weight of in vitro plants and permitted to reduce the hardening stage.  

Tiwari et al. (1998) reported that inoculation of banana sucker cv. Giant 

Governor with Azospirillum twice (sucker + soil inoculation) resulted in 

maximum plant height and leaf size in plants receiving 50% of the 

recommended N dose. Inoculation of Azospirillum did not reduce the time 

required for shooting. Azospirillum inoculated crop produced a higher number 

of hands per bunch and the number of hands per bunch was at per with double 



 

 

inoculation. Inoculation with Azospirillum produced highest yield of banana 

(69.15 t/ha). Fernandez et al.  (1998) reported that a commercial mixture of 

microorganisms containing N-fixing bacteria, humus producing bacteria, 

moulds and algae improved pseudostem circumference and number of 

fingers/hand and advanced flowering time in banana. Use of biofertilizers 

particularly inoculation with Azotobacter could substitute 50% nitrogen 

requiremet of banana and produce higher yield over full dose of nitrogen 

application (Tiwari et al., 1999). 

Sharma (2002) revealed significant increase in bunch weight, yield and 

leaf relative water content in plants receiving Azotobacter and organic sources 

as N supplements over plants receiving 100% fertilizer N in banana cv. 

Barjahaji. The highest bunch weight of 18.89 kg and yield of 58.29 t/ha were 

recorded with Azotobacter 100 g per plant + 75% N as inorganic fertilizer and 

registered an increase of 18.07 % over 100 % inorganic fertilizer alone. 

Application of Azotobacter also enhanced shooting and shortened crop 

duration. Gogoi (2003) revealed that combined application of biofertilizers and 

inorganic fertilizers have beneficial effect on yield and yield attributing 

characters of banana. The increase in yield was largely as a consequence of the 

cumulative effect of vigorous plant growth characters. This improved growth 

parameters in turn resulted in higher bunch weight, number of hands/bunch, 

number of fingers per hand, higher weight of second hand and harvest index. 

VAM significantly increase growth of banana plants compared to non-



 

 

mycorrhizal control and was also effective in increasing nutrient uptake by the 

plants (Singh and Singh, 2004). About 50% saving of phosphorous was 

achieved through the use of VAM. 

 Mia et al. (2010) reported that inoculation of roots of banana plantlets 

with plant growth promoting Rhizobacteria (PGPR) as a bioenhancer and 

biofertilizer initiated early flowering and increased the plant height, leaf area, 

leaf mineral content and bunch yield of banana. Mia et al.  (2010 a) also 

reported that inoculation of tissue cultured banana plantlets with plant growth 

promoting Rhizobacteria (PGPR) improves the shoot length and root length 

and N incorporation in the plant.  

2.1.4   Effect of inorganic fertilizers 

  Fertilizers are inorganic materials which can supply plant nutrients in 

available form, having the high analytical value and having a definite 

composition and mostly are industrial products. Use of balanced fertilizers 

based on soil test recommendations increases the fertilizer use efficiency and 

pays back to the farmer more profit. Inorganic fertilizers along  with organic 

manures are used to maintain the fertility of soil and increases the yield of crop 

without any deleterious effect on soil health. 

 Pawar et al. (1997) reported that banana cv. Basrai treated with 300 g 

N/plant along with 120 g P2O5 and 300 g K2O/plant recorded significantly 

higher yield. Moreover, application of N in 3 splits  at 2nd, 4th and 6th months 



 

 

and half of  P2O5 and K2O as basal + half P2O5 and K2O of 2nd month recorded 

economically better yield (63.33 t/ha).  Agarwal et al.  (1998) reported that 

450 g N along with 450 g K2O in 5 splits recorded the highest plant height, 

girth and number of leaves at flowering. Singh and Suryanarayana (1999) also 

obtained best growth and bunch yield with 200 g N/plant in 4 splits at 2, 4, 6 

and 8 months after planting in banana.  

Raghupati et al. (2000) observed that application of N and K 100 g each 

at 1:1 up to 180 days of planting and 1:1.5 and 1:2 after flowering through drip 

irrigation significantly increased yield of banana cv. Robusta. In addition, 

application of banana compost with 25 per cent or 50 per cent chemical 

fertilizers plus sulphur improved vegetative growth and highest yield with low 

production cost in Banana (El-Naby, 2000).  

 The combination of nitrogen (300 g/plant) with potassium (400 g/plant) 

is reported to markedly influence the sucker production in banana and reduced 

the planting - shooting interval (Hassan et al., 2001). Kumar et al. (2008) 

obtained maximum plant height, pseudostem circumference, number of fingers 

per bunch, bunch weight and fruit yield in combined application of 250 g 

nitrogen and 200 g potassium per plant in banana cv. Rasthali Pathkapoora in 

both main and ratoon crop.   

Moderate level of N, K and higher level of P increased the fruit size, flesh 

length, number of fruits and yield per plant in papaya. The combination of 



 

 

NPK resulted in maximum yield of papain /plant (Alila et al., 2003). Dutta et 

al. (2003) reported that the application of 600 g potassium per plant along with 

fixed dose of N (600 g per plant) showed maximum yield of sweet orange. The 

combination of 500 g N, 500 g P2O5 and 50 g K2O /plant was found to be the 

best for obtaining maximum yield in ber as reported by Lal et al. (2003). 

Monga et al. (2004) revealed that the application of 1900 g urea +2730 g SSP 

was best dose for achieving the higher yield in Kinnow mandarin grown under 

arid irrigated regions of Punjab. The foliar spray of potassium in different 

formulations viz. Multi K, KCl, KNO3 and urea significantly increase the fruit 

size, fruit weight and fruit volume in Kinnow mandarin as compared to control 

(Gill et al., 2005). An increasing trend in fruit size was also observed with 

increase in concentration on different sources of foliar K. Pandey et al.  (2005) 

reported that a dose of 300 g N and K2O and 100 g P2O5 per plant was 

optimum for vegetative growth, yield and quality of micropropagated banana 

under irrigated, low fertility, lateritic soil conditions of coastal Orissa. 

 Saikia et al.  (2005) reported that the NPK ratio 4:7:5 produced the 

maximum growth and development of citrus seedlings at nursery stage. This 

combination also produce maximum seedling height, girth at  collar, number of 

leaves, root length, fresh and dry weight of shoot and root systems. Ranjan and 

Ghosh (2005) reported that application of 200 g N /plant/year produce highest 

fruit yield in aonla as compared to control. The treatment receiving 300 g 

N/plant/year resulting a highest fruit yields with maximum pulp recovery. 



 

 

Madhavi et al. (2008) reported that 1000 g each of NPK per tree (RDF) was 

beneficial in growth and yield parameters of mango and they obtained highest 

plant height, girth, spread, number of fruits per tree, fruit weight and yield as 

compared to inorganic fertilizers applied with organic manures and 

biofertilizers. 

2.1.5   Effect of Bioagents 

The use of bioagents along with other organic manures and inorganic 

fertilizer seems to be an important approach for efficient management of 

disease and also helps in increasing the yield of the crop. Trichoderma is well 

known for its growth promoting effect on several crop plants (Elad et al., 1987; 

Varshney, 1997; Mishra and Sinha, 1998). The mechanism by which 

Trichoderma promote plant growth are thought to include the ability to produce 

or change the concentration of the plant hormones like indole acetic acid 

(IAA), gibberilic acid, cytokinins and ethylene (Harman, 2000) and 

solubilization of mineral phosphates and other nutrients. As a conventional 

practice, Indian farmers from time immemorial have been adding animal and 

plant wastes for increasing crop yield. This increase in crop yield due to 

addition of organic wastes more recently have been found to be due to decrease 

levels of soil pathogen and the enhancement of the antagonistic microbial 

activity in the soil. Trichoderma is reported to induce the growth of various 

crops. These responses are thought of due to the suppression of deleterious root 

microflora including those not causing obvious disease, production of growth 



 

 

stimulating factors or increase nutrient uptake through solubilization and 

sequestration of nutrients and/or enhanced root growth. Trichoderma also act 

on complex organic matter and release a wide range of micronutrients from 

their captivity. 

Sharma and Singh (2004) studied FYM based Trichoderma harzianum 

formulation and their role in plant growth promotion and found that growth 

promotion responses shown by Trichoderma formulations might be due to 

possibilities that exudates released by the plant roots may triggers the activity 

of Trichoderma for release of such metabolites/growth hormones that directly 

or indirectly involved in growth of the crop. 

 Farm Yard Manure (FYM) along with 1 kg formulation of Trichoderma 

harzianum (109 cfu/g) + Paecilomyces lilacinus to 1 tonne of FYM was also 

found to manage Meloidogyne incognita and Radopholus similis in banana 

(Anon., 2002). Kanamadi et al. (2004) reported that the treatment of 100 per 

cent recommended dose NPK +VAM (250 g/plant) + PSB (50 g/plant) + 

Azospirillum ( 50 g/plant) + Trichoderma harzianum(50 g/plant) and and 75 

per cent RDF + VAM (250 g/plant) + PSB (50 g/plant) + Azospirillum (50 

g/plant) + Trichoderma harzianum (50g/plant) in banana have registered 

vigorous growth in terms of pseudostem height, pseudostem girth and leaf area 

and higher yields. Similarly, Garg et al.  (2007) obtained improved plant 

growth parameters in terms of plant height, stem diameter, root length, number 



 

 

of leaves, leaf area, total chlorophyll and chlorophyll a and b in aonla seedlings 

treated with Trichoderma viridae.  

2.2   QUALITY 

2.2.1   Effect of Integrated Nutrient Management 

Chiang et al. (1996) observed that shelf life and TSS content of fruit of 

tissue cultured plantlets of banana cv. Giant Cavendish was improved when 

treated with 2 per cent of organic matter and one half of the recommended dose 

of fertilizer N. Singh et al. (1996) also reported that the combination of 

nitrogen (300 g), potassium (200 g), oilcake (100 g) and planofix 150 ppm per 

stool in two splits gave the good quality  banana in terms of TSS, acidity, 

sugar, sugar-acid ratio and ascorbic acid. Similalry, Rathi and Bist (2004) 

conducted an experiment with different organic manures and biofertilizers with 

or without chemical fertilizer on quality of Pant pear-18. The treatments 

consisting of 10 kg poultry manure + 300:150:250 g NPK/tree through 

fertilizer had significant improvement in fruit quality in terms of TSS, reducing 

sugar, non-reducing, total sugar, fruit weight, volume etc.  

Korwar et al. (2006) also obtained  superior quality of aonla in terms of 

vitamin C content by using INM packages with 50% inorganic fertilizers and 

50% FYM. Likewise, Tarai and Ghosh (2006) reported that integrated use of 

organic manure, inorganic fertilizer and biofertilizer was useful in improving 

the quality parameters of sweet orange cv. Mosambi and they obtained superior 



 

 

quality fruits in terms of highest juice per cent, TSS, total sugar, ascorbic acid 

and TSS: acid ratio and lowest acidity in the treatment 200 g N: 75g P2O5 and 

150 g K2O + 2 kg neem cake per plant. Medhi et al. (2007) obtained highest 

juice content, TSS Total sugar, ascorbic acid and lowest acidity in the treatment 

combination NPK fertilizers, Mustard oil cake and PSB in Khasi mandarin 

under Assam condition. 

Singh and Singh (2009) observed the quality parameters of strawberry cv. 

Sweet Charlie in terms of maximum TSS, total sugar and ascorbic acid in the 

treatment consisting of Azotobacter+Azospirillum+ 50% N of recommended 

dose+100 ppm GA.  

Patel et al. (2009) obtained the quality parameters in sweet orange cv. 

Mosambi in terms of highest fruit weight, fruit diameter, juice, TSS, TSS: acid 

ratio, ascorbic acid and lowest acidity in treatment consisting of ¾ N (300 g) + 

¾ P (250 g) + ¾ K (300g) +AMF (5 g) + Azospirillum (5 g) + along with spray 

of 0.4 per cent micronutrients (Cu+ Fe+ B+ Zn).  

Dutta et al.  (2009) obtained the highest TSS, Total sugar, TSS/acidity, 

ascorbic acid and lowest value of acidity in Guava with 100% N + 100% P2O5 

+ Azospirillum + VAM. 

Umar et al.  (2009) while studying the combined effect of FYM, urea and 

Azotobacter on growth and yield of strawberry cv. Chandler in SKUAST, 

Jammu obtained the better quality parameters in terms of Highest TSS, Total 



 

 

sugar and  ascorbic acid with 25% N through FYM + 75 % N through urea + 

Azotobacter.  

Thangaselvabai et al.  (2009) obtained significantly superior quality 

parameters in terms of TSS, reducing sugar, ascorbic acid and starch in banana 

cv. Rasthali in the treatment 100:30:330 g NPK/plant in two splits and 

Azospirillum 

2.2.2   Effect of Organics 

 Dhillon et al. (1981) listed the beneficial effect of organic manures on 

fruit quality of sweet orange.  

Chiang et al. (1996) observed that tissue cultured plantlets of banana cv. 

Giant Cavendish with 2 per cent of organic matter and with nitrogenous 

fertilizers applied at one half of the recommended dose of fertilizer N improved 

the fruit quality in terms of shelf life and TSS content. 

Singh et al. (1996) reported that the combination of nitrogen (300 g), 

potassium (200 g), oilcake (100 g) and planofix (150 ppm) per stool in two 

splits in banana gave higher TSS, acidity, sugar, sugar acid ratio and ascorbic 

acid content of fruits. 

Vermicompost as organic sources to supplement 200 g nitrogen/plant in 

banana cv. Njalipoovan recorded increased sweetness as well as sugar-acid 

ratio and improved quality of the fruit. (Ushakumari et al., 1997). 



 

 

Gawande et al. (1998) reported that application of inorganic fertilizers + 

FYM with or without earthworms recorded maximum quality parameters like 

reducing sugar, non-reducing sugar, TSS and TSS : acid ratio in Sapota.  

Marathe and Bharambe (2007) obtained improved quality parameters in 

terms of increased TSS : acid ratio, ascorbic acid and reducing sugar content 

and decrease in fruit acidity, peel thickness by using sole application of FYM ( 

to supply 100 % N) as compared to sole application of inorganic fertilizers or 

its combination with organic manures in sweet orange cv. Mosambi  

2.2.3   Effect of Biofertilizers 

 Tiwari et al. (1998) found a fairly high TSS and reducing sugar content 

in Azotobacter inoculated banana plant cv. Giant Governor. However the effect 

of biofertilizer in total sugar and acidity content of fruits was not consistent. 

Suresh and Hasan (2001) in West Bengal evaluated the response of 

inoculation with Azospirillum  and phosphobacteria on fruit quality of banana 

cv. Giant Governor by manipulating the doses of nitrogen and potassic 

fertilizers. The results revealed that inoculation of biofertilizers along with the 

application of recommended dose of fertilizers proved most effective in 

improving fruit quality of Dwarf Cavendish banana cv. Giant Governor.  

Dey et al. (2005) reported that application of VAM gave highest TSS 

(10.1° Brix) and total soluble solid and solid:acid ratio (15.78). 



 

 

Sharma et al.  (2009) in their pooled analysis revealed that application of 

biofertilizer in combination with FYM was beneficial in improving the quality 

parameters of guava cv. Sardar and obtained highest TSS, total sugar, reducing 

sugar, ascorbic acid and pectin in the treatment Azotobacter  + 100 N through 

poultry manure +  Azospirillum    

 Mia et al.  (2010) reported that inoculation of banana  roots with Plant 

Growth Promoting Rhizobacteria (PGPR) improved the physical attributes of 

fruit quality of banana.   

2.2.4   Effect of Inorganic Fertilizers 

 Hazarika and Mohan (1991) found that banana cv. Jahaji treated with 

160 g N/plant recorded the highest TSS (19.77%), total sugar (17.8%), 

reducing sugar (9.38%), non-reducing sugar (7.70%) and sugar-acid ratio. 

Dutta et al. (2003) reported that the application of 600 g potassium per 

plant along with fixed dose of N (600 g per plant) showed maximum juice 

content, TSS and vitamin C content of sweet orange. 

Kumar et al.  (2008) obtained significantly maximum TSS, total sugar, 

minimum acid and maximum TSS : acid ratio  in combined application of 300 

g nitrogen and 300 g potassium per plant in banana cv. Rasthali Pathkapoora in 

both  main and ratoon crop.   



 

 

Madhavi et al.  (2008) obtained lowest acidity value in mango applying 

1000 g each of NPK per tree (RDF) as compared to inorganic fertilizers applied 

with organic manures and biofertilizers. 

2.2.5   Effect of Bioagents 

Kanamadi et al. (2004) reported that the treatment of 100 per cent 

recommended dose NPK +VAM (250 g/plant) + PSB (50 g/plant) + 

Azospirillum ( 50 g/plant) + Trichoderma harzianum(50 g/plant) and and 75 

per cent RDF + VAM (250 g/plant) + PSB (50 g/plant) + Azospirillum (50 

g/plant) + Trichoderma harzianum (50g/plant) have registered quality 

parameters like higher pulp-peel ratio, TSS, lower acidity. 

2.3   SOIL HEALTH 

2.3.1   Soil properties and nutrient availability 

2.3.1.1   Effect of integrated nutrient management  

Prasad and Singh (1980) reported that continuous use of FYM along with 

NPK fertilizer improved the physical properties of soil in addition to the status 

of available P2O5, Zn and Fe.  

Das and Chaudhury (1981) reported that addition of organic manures with 

inorganic fertilizer helped in increasing the organic matter content and 

structural status of soil. 



 

 

Tandon (1991) revealed that the soil proportional substitution of inorganic 

fertilizer with organic manures had profound and direct effect on soil physical 

properties like moisture retention, nutrient conservation, root growth etc., 

which improves the soil productivity.  

Nethra et al. (1999) noted that vermicompost in combination with 50 per 

cent inorganic NPK increased soil pH, organic carbon, available N, P and K in 

the soil. 

Soil characteristics like pH, available NPK status, organic carbon were 

significantly influenced by the combined application of biofertilizers and 

inorganic fertilizer. Application of PSB along with SSP significantly increased 

the available P status in soil compared to application of SSP alone (Gogoi et 

al., 2004). 

Senapati et al. (2005) reported that highest mean yield of 8.78 t/ha was 

obtained in the INM of chemiocal fertilizer, organic manure and biofertilizer 

along with lime (50% RDF +lime +FYM). This increase was being 65% over 

the control. Due to the use of lime and FYM there was an improvement in 

physical condition, available nutrient status, organic matter and status of soil, 

which helped in conserving soil moisture and crop growth.  

Babu and Sharma (2005) reported that integrated nutrients management 

was beneficial for improving the soil fertility by reducing the soil pH, EC and 

bulk density and increasing the soil organic carbon, CEC and water holding 



 

 

capacity and available N, P and k content of the soil in the treatment 100 % 

NPK + 20 kg FYM + 10 kg Azolla.   

Korwar et al.  (2006) reported that soil physical, biological and chemical 

properties were influenced greatly by application of INM packages with 

50%FYM + 50% inorganic fertilizers and obtained highest value of soil pH, 

EC and P2O5 content of the soil. 

Umar et al. (2008) obtained substantial increase in soil organic carbon 

and available nutrient content by FYM, urea and Azotobacter applied alone or 

in combination. The highest organic carbon of 0.63% was recorded in 

treatment where full nitrogen as FYM + Azotobacter or 75% nitrogen through 

+ 25% nitrogen as urea + Azotobacter was applied. However highest available 

N and P was observed where 25 % n was applied as FYM + 75% through urea 

+ Azotobacter whereas full N as FYM + Azotobacter resulted highest soil K.  

Bhalerao et al.  (2009) reported that application of 100% recommended 

dose of NPK through inorganic sources with 10 kg FYM per plant + 

biofertilizer recorded to increase the soil fertility to a maximum level and they 

obtained highest value of soil pH, EC, organic carbon, available N, P and K in 

this treatment in tissue cultured banana cv. Grand Naine.  

 

 



 

 

2.3.1.2   Effect of organics 

 Organic manures have been used in banana cultivation throughout the 

world, because of the positive effect they have on the physical, chemical and 

biological properties of soil. Lahav (1973) found 33 per cent productivity 

increases in banana using 80 t /ha/year of organic matter combined with 

fertilizers. Das and Choudhury (1981) reported that addition of organic 

manures with fertilizer helped in increasing the organic matter content and 

structural status of soil. Lahav and Turner (1992) also suggested the use of up 

to 500 t /ha/year of organic matter in banana for maintaining soil health and 

sustaining the productivity.  Solis and Lopez (1992) suggested use of poultry 

manure to neutralize the detrimental effect of Cu toxicity in banana. Organic 

manures had profound beneficial effect in retaining the soil moisture content 

(Tandon, 1991; Santhy et al., 1999) and improving the soil drainage (Lee, 

1985). Incorporation of organic manures is known to improve soil physical and 

chemical properties which in turn influence the productivity. Chowdhury et al. 

(1981) reported that FYM may benefit the crop by improving K nutrition either 

by supplementing K directly or by mobilizing strongly hold K in soil also 

increased K extractability in the presence of FYM. 

 Structural changes due to addition of organic manures, through the 

changes in pore size both within and between the soil aggregates was reported 

by Larson and Clapp (1984). 



 

 

 Vermiculture technique improved the physic-chemical properties of soil 

in the form of mixing top soil, formation of soil aggregates, improvement of 

drainage, porosity and aeration (Lee, 1985). 

 Yaduvanshi et al. (1985) reported that regular application of manures 

had profound influence on microbial population in soil. The application of 

organic materials improves soil fertility appreciably over the initial content.  

 Sarvanan et al. (1986) revealed that nutrient added through inorganic 

and organic sources combinedly are reported to be better utilized than 

inorganic alone, besides reducing the cost of production and maintaining soil 

health. The beneficial effect of combined application of inorganic fertilizers 

and organic manures was also reported by Talashilkar and Vimal (1986). 

 Bhadoria (1987) reported that rice husk, FYM, neem cake and saw dust 

when applied into the soil, bulk density reduced and moisture retention 

capacity of soil increased. 

 Sharma and Mitra (1987) observed an increase in total nitrogen and 

organic carbon over initial status due to application of FYM and crop residues. 

Acharya et al. (1988) also emphasized on the maintenance of soil organic 

matter for improving the nutrient and structural status of soil.  

 Ghai et al. (1988) evaluated that Sesbania aculeata added biomass @ 

24.7 t/ha supplementing 116 kg N/ ha after 45 days of growth. Green manures 



 

 

and organic composts when applied to crops in combination with chemical 

fertilizer increases available nutrients of soil (Subba Rao, 1982; Sen and Patil, 

1988). Vargas (1998) reported that the soil under banana and plantain 

cultivation with green cover crops Arachis pintoi  had higher pH and K values, 

but lower acidity, P, Cu, Mn and organic matters than soil without the cover 

crop. 

 Schnitzer (1991) observed that soil organic matter influences growth 

through the physical, chemical and biological properties of soil.  

 Kale et al. (1992) observed that vermicompost plays an important role in 

N fixation and nitrogen mobilization leading to better uptake by plant. 

 Incorporation of green manures like Sesbania and Chromalaena 

improved the soil properties as compared to other crops in respect of organic 

carbon and total nitrogen status in rice based cropping system (Dutta et al., 

1994). 

 Jaggi et al. (1995) reported that application of FYM @ 10 t/ha 

significantly increases uptake of N.P and K by potato. Srivastava (1998) also 

suggested use of FYM as supplementary source to maintain micronutrient 

availability in soils needed for potato production.  



 

 

 Puspa et al. (1995) reported that greater availability of nutrients under 

green manuring was not only by its direct effects of nutrient supply but also 

due to indirect effects of ameliorating soil physical and chemical environment.  

 Dhote and Kawthalkar (1996) reported that application of FYM may 

help in reducing the fixation of applied phosphorous and thereby causing an 

increase in the availability to the crop. 

 Reddy and Reddy (1998) found out the potentiality of vermicompost 

and FYM for increasing the content of N, P2O5, K2O and micronutrients.  

 The unilateral application of fertilizers generally provokes acceleration 

of the acidification process and the loss of organic matter in soil bases in 

banana plantations (Orellana et al., 1995). For retarding the negative impacts of 

chemical fertilizers, Garcia et al. (1998) suggested the application of Cachaza, 

a byproduct of sugarcane industry, as supplementary source of fertilizers for 

increasing soil organic matter, ca, Mg, P and K as well as raising the pH. 

 Ghuman et al. (1997) concluded that addition of green manures 

decreased the pH and bulk density marginally. It was also found that soil 

organic matter influences the chemical functions by its ability to interact with 

metals, metallic oxides, hydroxides and clay minerals to form metallo-organic 

compounds which act as an ion-exchanger and storehouse of nutrients. 



 

 

 Continuous use of inorganic fertilizer alone decreased CEC whereas 

inclusion of organic manure increased the CEC by 20-70 per cent (Manna and 

Ganguli, 1998).  

  Nethra et al. (1999) noted that vermicompost @ 5-15 t/ha in 

combination with 50 per cent inorganic NPK increased soil pH, organic carbon, 

available N, P and K. 

 Summarizing the multifaceted benefits of organic matter on soil 

properties it was pointed out (Prakash and McGreor, 1983; Garcia et al., 1998) 

that organic matter enriches soil nutrient content when used in conjunction with 

chemical fertilizers, helps prevent unproductive nutrient loss by forming 

organo-mineral complexes, which makes the nutrients more available to the 

plant. It has also biological functions, which provides carbon as energy source 

to soil microbes and enhances plant growth, root initiation, yield, nutrient 

uptake and chlorophyll synthesis. 

 Acuna and Ruiz (1998) mentioned that organic manures provided small 

quantities of nutrient elements, their slow releases makes them potentially more 

effective than immediately released chemicals, because, aside from supplying 

the crop with nutrients in a continuous manner, they prevent loss of nutrients 

through leachinhg during periods of excessive rain. 

Vasanthi and Kumarswami (1999) suggested the use of vermicompost for 

improving soil fertility. They recorded a significant increase of available N, P, 



 

 

K, Fe, Mn, Zn and Cu in the treatment they received vermicompost plus NPK 

than the treatments that received NPK alone. Mba (1999) also suggested use of 

vermicompost  for improving soil fertility in high rainfall acid soils of Nigeria. 

Santhy et al. (1999) reported that FYM in combination with NPK 

improves soil physical properties and water holding capacity on a fixed 

cropping rotation consisting of finger millet-maize-cowpea. 

Panda et al. (1999) reported that application of organic manures 

influenced favourably the physical-chemical properties of soil like bulk 

density, water holding capacity, organic carbon, CEC, C:N ratio and had little 

effect on resulted P2O5 and K2O. 

Gupta et al. (2000) observed that combined application of urea and FYM 

significantly increased organic carbon and available N status over similar N 

addition through urea alone. Available P and K content of the soil decreased 

with successive rise in levels of N addition through urea whereas the status of 

these nutrients increased in plots receiving combined application of urea and 

manures. 

Srikanth et al. (2000) observed that incorporation of organic manures like 

enriched compost, FYM and vermicompost increased the soil organic carbon, 

available N, P, K and Ca. 



 

 

Kannan et al. (2005) reported that application of 75 per cent of N as 

vermicompost  with Azospirillum was superior in improving the soil health in 

terms of soil physical, chemical and biological environment such as bulk 

density, water holding capacity, organic carbon, available N, beneficial 

bacterial and fungal population in the soil.  

Korwar et al.  (2006) reported that organics have beneficial effect in soil 

physical, biological and chemical properties. They obtained highest value of 

organic carbon and K2O in the soil by using vermicompost alone as compared 

to combined application of organic and inorganics. 

Sanwal et al.  (2007) reported that application of organics in terms of 

FYM and pig manure considerably increase the soil fertility by increasing the 

organic carbon, organic matter, total N and available N, P2O5 and K2O content 

in the soil.  

2.3.1.3   Effect of inorganic fertilizers 

Basumatary (1995) revealed that integrated use of chemical fertilizer and 

inorganic sources increased the available NPK status and exchangeable Ca, Mg 

and available S of the soil as compared to 100 % chemical fertilizer alone.  

Korwar et al.  (2006) reported that application of inorganic fertilizer alone 

was beneficial in increasing the soil nutrient status in terms of bulk density and 

N content of the soil. 



 

 

Madhavi et al.  (2008) reported that soil N, P and K status varied 

significantly with inorganic fertilizers and organic manures and they obtained 

the maximum soil N, P, K content with application of 1000 g each of NPK per 

tree (RDF) as compared to inorganic fertilizers applied with organic manures 

and biofertilizers. 

2.3.1.4   Effect of biofertilizer 

Declerk et al. (1994) in Franch reported on the growth response of 

micropropagated banana plants to Vessicular Arbuscular Mycorrhizae 

inoculation. Micropropagated banana plants (cv. AAA Giant Cavendish) with 

Glomus mosseae and G. geosporum in 2 complementary experiments. G. 

mosseae inoculation results in higher P and K content in soil. 

  Biofertilizers enhanced the available soil N during growth phase, 

nutrient uptake and residual N at harvest. Reportedly, Azospirillum, an 

associative microphilic N fixer, improves soil fertility. It was possible to reduce 

25-50 per cent N from frertilizer source by inoculation with Azospirillum in 

sugarcane (Hedgae and Dwivedi, 1994). 

 Dual inoculation of Azotobacter and Azospirillum  in perlmillet saved 33 

per cent of fertilizer N and produced yield equivalent of 100 kg N per ha (Tilak 

and Singh, 1994).The response of banana plants to Azospirillum inoculation in 

respect of available N and P was reported by Sukhada (1996). 



 

 

  Tiwari et al. (1999a) revealed that double inoculation (sucker + soil) of 

Azotobacter and Azospirillum exhibited maximum soil nitrogen content in 

plants receiving the full dose of nitrogen. A considerable increase in soil N 

content was also noticed with Azotobacter inoculated (soil+sucker) plots 

receiving 50 per cent of the recommended dose of fertilizer N. Similar to soil 

nitrogen content, the available soil P2O5 content was also recorded highest 

during all the growth stages. However, inoculation with Azotobacter alone 

considerably increases the available P2O5 content with application of full dose 

of nitrogen. The effect of inoculation of Azotobacter alone or in combination 

with Azospirillum was more pronounced on the buildup of available soil K2O 

and the response of single or double inoculation was not consistent and 

conclusive.  

Nirmala et al. (1999) found application of Azospirillum and 

phosphobacteria association independently or in combination enhanced the 

available N and P status in cucumber crop.  

Sharma (2002) from Assam Agricultural University, Jorhat reported 

application of Azotobacter and organic sources on banana plants cv. Barjahaji 

improved soil health and proliferation of Azotobacter population in comparison 

to 100 % fertilizer N. 

Hazarika and Ansari (2010) also pointed out the beneficial effects of 

biofertilizer in mobilizing the nutrient availability from unusable form to usable 



 

 

form by their biological activities and thereby help to build up the lost 

microflora and in turn improve the soil health.  

Aseri et al.  (2008) reported that combined application of Azotobacter 

chrooccum  and  Glomus mosseae  was effective in enhancing the activities of 

dehydrogenase, alkaline phosphatase and nitrogenase and hydrolysis of 

fluorescein diacetate in rhizosphere soils. The treatment also enhanced root 

colonization by AM fungi by 15-380% over the control. A similar trend was 

also noticed with AMF spore build up in the rhizosphere soil.  

 Sharma et al.  (2009) in their pooled analysis revealed that application of 

biofertilizer in combination with FYM was beneficial in improving the soil 

nutrient status and they obtained highest value of available soil N, P2O5, K2O, 

Ca and Mg in the treatment Azotobacter  + 100 N through poultry manure +  

Azospirillum  and highest value of organic carbon in Azotobacter + 100% N 

through FYM + Azospirillum. 

2.3.2   Soil microflora  

 Soil microflora plays an important role in the maintenance of soil 

fertility because of their ability to carry out biochemical transformation. 

Organic manures and biofertilizers acting as a substrate base enhanced the 

population and activity of beneficial soil microbes. Organic manures augment 

the microbial population and their activities such as organic matter 

decomposition (Gaur and Pareek, 1974); biological nitrogen fixation 



 

 

(Bharadwaj and Gaur, 1970); solubilization of insoluble phosphates (Gaur, 

1972) and availability of nutrients. Incorporation of organic matter stimulated 

N-fixing bacteria Azotobacter and anaerobic bacteria appreciably (Mukherjee 

and Gaur, 1980). 

 McGill and Cole (1981) emphasized on maintenance of soil organic 

matter in view of its positive influence on soil microbial population. The 

enhancement in the population of N-fixers due to application of vermicompost 

was also reported by Loquet et al. (1977). Yaduvanshi et al. (1985) also 

reported that regular application of manures had performed beneficial influence 

on microbial population in soil. 

 FYM and other organic manures added to soil provided energy for 

activity of micro-organisms and enrich soil microflora which enhances the 

productivity (Hussain et al., 1988). Roy and Braun (1987) noted that FYM 

played major role in improving soil physical and biological conditions. Weda et 

al. (1988) also supported the similar views in respect of soil microflora due to 

combined application of organic matters and inorganic fertilizers. 

  Summarizing the contribution of soil microorganisms to the nutrition 

cycles of the crop residues and assessment of banana plant nutrition, Vargas 

(1992) reported that the soil microbial population in decomposition strip was 

significantly higher than fertilization strip in banana plantation indicating 

stimulating effect of organic matter on population and activity of soil microbes. 



 

 

 The presence of inorganic N in soil affects the concurrent 

ammonification, nitrification, denitrification and nitrogen fixation process 

(Sutopo and Kuwatsuka, 1990). The application of FYM stimulated the 

microbial proliferation and the process relate to N cycling in soil (Sutopo and 

Kuwatsuka, 1992), while repeated and excessive application of inorganic 

fertilizers affects microorganisms which are essential for maintaining 

biological health of soil (Sharma, 1994). 

 Kale et al.  (1992) observed that vermicompost application enhanced the 

activity of beneficial microbes like N2 fixers and colonization of mycorrhizae 

fungi. 

Ruiz et al. (1992) observed that the quantities of microorganisms 

beneficial for the soil increased considerably due to use of Azotobacter, 

mycorrhiza and phosphorin in banana.  

 Sarkar et al.  (1996) reported that integrated use of organic manures 

along with chemical fertilizers enhanced the microbial biomass with increased 

level of ureas and phosphatase activities. 

Vargas (1998) observed higher number of soil bacteria and lower 

population of nematode particularly Radopholus similis in banana plantation 

with green cover crops. 



 

 

 The high densities of microorganisms as a result of seed inoculation 

with strains of Azotobacter chrooccum, Azospirillum lipoforum and their 

mixture was observed in soybean by El-Ghany (1996). 

 Tiwari et al.  (1999a) reported that Azospirillum inoculated banana 

sucker cv. Giant Governor induced maximum number of N-fixing microbial 

colony during vegetative stage and supplemented the recommended dose of 

nitrogen by 50 per cent. The number of microbial colony recorded with double 

inoculation (sucker + soil) of Azotobacter and Azospirillum was also 

considerably higher. In general double inoculation (sucker + soil) or either 

Azospirillum alone or in combination with Azotobacter increased the N-fixing 

microbial colony during hsooting. At harvesting stage microbial population 

decreased again. Inoculation of Azospirillum alone or in combination with 

Azotobacter singly or twice (soil+ sucker) exhibited maximum number of N-

fixing colony during harvesting. 

 Maheswarappa et al.  (1999) suggested the use of organic manures for 

augmenting microbial population in soil. Similar results were also observed by 

Saha et al.  (1995) and Sharma (1999). 

 Tiwari et al. (2001) observed that improvement in biological properties 

of soil due to incorporation of leguminous and non-leguminous green manuring 

crop in wheat – mungbean cropping system.  



 

 

Gogoi et al.  (2004) obtained highest number of microbial biomass 

population and dehydrogenase activity in soils in the treatment consisting of 

Azospirillum +PSB + ½ RD of N + RD of P and K. 

Sharma et al.  (2009) revealed that treatment comprising cent per cent 

nitrogen applying through FYM augmented with Azospirillum induced highest 

value of Azospirillum and Azotobacter count and maximum number of N-fixing 

microbial colony in the soil.   

Patel et al. (2009) reported that  ¾ N (300 g) + ¾ P (250 g) + ¾ K (300g) 

+AMF  (5 g) + Azospirillum (5 g) + along with spray of 0.4 per cent 

micronutrients (Cu+ Fe+ B+ Zn) in sweet orange cv. Mosambi was useful in 

obtaining higher organic carbon content and microbial biomass Carbon content 

in the soil.  

2.4    ECONOMICS OF CULTIVATION 

INM packages are reported to be superior to any other fertilizer 

management in respect of economics of cultivation in different crops.  

Chundawat et al.  (1983) considered urea and castor cake at 1:1 ratio as 

economically the best combination for improving yield in banana cv. Basrai.  

Borges (1994) observed that combined application of organic and 

inorganic fertilizers appeared to be the best way to achieve good development 

of the plantation and good financial return.  



 

 

Kulkarni et al.  (1996) reported that by adopting vermicompost, the usage 

of chemical fertilizer can be reduced to the extent of 25 to 50 per cent. 

Duraiswami et al.  (1999) obtained the highest benefit cost ratio of 1: 9.92 in 

treatment combinations of FYM and compost coir pith in tomato.  El Naby, 

(2000) reported that application of banana compost with 25 per cent or 50 per 

cent chemical fertilizers plus sulphur  involved low production cost in banana 

as compared to chemical fertilizers alone.  

Marathe and Bharambe (2007) obtained complete supremacy with respect 

to economics of cultivation  in sweet orange cv. Mosambi with highest benefit 

cost ratio of 4.59 and highest net income of Rs 1,29,317 per hectare by using 

INM packages with green manuring with sunhemp ( to supply 50% N) + 50% 

RDF. Similarly, Thangaselvabai et al.(2009) conducted a field study to 

evaluate the economic returns from banana cv. Rasthali in response to the split 

application of higher levels of nitrogen and Azospirillum  and obtained highest 

benefit cost ratio of 2.41 and highest net profit of Rs 75,743/ ha in the 

treatment 100:30:330 g NPK/plant in two splits and Azospirillum.   

Bhalerao et al.  (2009) reported that application of 100% recommended 

dose of NPK through inorganic sources with 10 kg FYM per plant + 

biofertilizer recorded the maximum monetary return of Rs 2, 29, 500 net profit 

Rs 74, 590 per ha and C:B ratio 1.48 which was followed by use of 50% NPK 

through FYM and green manure and 50% through inorganic sources + 

biofertilizers.    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Chapter iii:  MateriaLS aND MethODS 



 

 

 

Chapter III  

Materials and Methods 

…….…………………………………………………………………………… 

3.1 STUDY AREA 

3.1.1   Geographical location  

3.1.1.1  Mizoram 

With a geographical area of over 21, 087 sq km and perched on the high 

hills of the North eastern part of the country, Mizoram possibly has the most 

difficult terrain, over 80% of the total geographical area being hilly and with 

steep hills separated by rivers flowing north to south, thus, creating 

innumerable hurdles in intra-state as well as inter- state communication. This 

landlocked area is bounded by foreign countries on all sides except for a small 

stretch that rubs shoulder with Assam, Manipur and Tripura. Its international 

border, which is about 722 km, is almost 3 times longer than its border with the 

mainland. Mizoram lies between 21° 30´ N to 23° 15´ N latitudes and 92° 16´ 

E to 93° 26´ E longitudes (Pachuau, 1994). Mizoram is bounded on the north 

side by Cachar district of Assam and Manipur state on the east and south by 

Chin Hills of Myanmar; on the west by Chittagong hill tracts of Bangladesh 

and Tripura. 



 

 

 The topography of Mizoram is, by and large, mountainous with 

precipitous slopes forming deep gorges culminating into several streams and 

rivers. Almost all the hill ranges traverse in the North-south direction. The 

eastern part of Mizoram is at a higher elevation compared to the western part. 

The average height of hill ranges is around 920 m, although the highest peak, 

the Blue Mountain (Phawngpui), goes up to 2165 m.  

3.1.1.2   Aizawl District 

 Aizawl district is situated in the northern part of Mizoram, it lies 

between 24˚ 25′16.04" and 23˚ 18′ 17.78″ N latitudes and 92˚ 37′ 03.27″ and 

93˚ 11′ 45.69″ E longitudes. The total geographical area of Aizawl district is 

3576.31 sq. km. and accounts for 16.96% of the total geographical area of the 

state. It is bounded on the east by Champhai district and Manipur state, on the 

west by Mamit district and Kolasib district, on the north by Assam state and on 

the south by Serchhip district.  

3.1.1.3   Location of the experimental field 

 For the study, farmers field at Tuivamit village  located at 7 kms away 

from Aizawl city on the way to Mizoram university was selected. The land 

having moderate slope and satisfactory drainage system was selected for the 

experiment. The experimental field was situated at 23°44´45.6´´ N latitudes and 

92°41´04.5´´ E longitudes. The elevation of the study site was 855 m above the 

mean sea level (Fig: 3.2).  



 

 

 

Fig 3.1: Map of Mizoram state 



 

 

3.1.2    Climate and Weather 

3.1.2.1   Mizoram 

  Mizoram has a pleasant climate. The upper part of the hills are 

predictably cold, cool during the summer, while the lower reaches are 

relatively warm and humid. Storms break out during March-April, just before 

or around the summer. During winter,  between 20°C to 32° C. The entire state 

is under the direct influence of south west monsoon. The rainy season normally 

starts from June and continues up to September and the rainfall is more or less 

evenly distributed throughout the state excepting the south-western parts that 

generally receive slightly higher rainfall.  

3.1.2.2  Aizawl 

The climate of Mizoram is Tropical Monsoon type climate. So, Aizawl 

district, the north central part of the state enjoys a moderate climate owing to 

its tropical location. It is neither very hot nor too cold throughout the year. 

Aizawl district falls under the direct influence of south west monsoon. As such 

the area receives an adequate amount of rainfall which is responsible for a 

humid tropical climate characterized by short winter and long summer with 

heavy rainfall.  



 

 

 

Fig 3.2: Map of the experimental site 

 



 

 

 Aizawl district enjoys a pleasant and moderate climate. It is generally 

warm in summer and mild cold in winter. The climatic condition accorded to 

Aizawl can be called humid-tropical, sub-tropical and sub-temperate climate 

characterized by short winter and long summer with heavy rainfall. 

The year may be divided into four seasons: i) the winter lasts from 

December to February and the temperature varies from 100C to 220C, with 

little or no rain, ii) the spring lasts from March to May and the temperature 

varies from 190C to 290C, characterized by bright sunshine and clear sky 

unless disrupted by the pre-monsoon rains, iii) the summer lasts from June to 

August, characterized by violent storms and monsoon rains often causing 

landslides in some places, and the temperature varies from 200C to 320C and 

iv) The autumn season lasts from September to November, characterized by a 

pleasant climate during the daytime and at night. Overall, the annual 

temperature varies from 180C to 250C. 

The entire district is under the direct influence of maritime tropical air 

mass brought in by south-west monsoon. The rain lasts from May to October 

with an average rainfall of 2500mm per annum. July-August are the rainiest 

months, whereas December and January are the driest months of the year with 

almost no rainfall. The pluviothermic diagram (Fig. 3.3 and 3.4) for the year 

2009 and 2010 depicts that in both the year April to October were the wet 

months 



 

 

Humidity is relatively high throughout the year. The relative humidity 

is highest during monsoon rains (about 90%). The period from January to 

April is comparatively dry, whereas the relative humidity remains between 60 

and 70%   (Pachuau, 1994). 

3.1.2.3   Climate and Weather of the study site 

3.1.2.3.1 Rainfall 

  The total rainfall in the study site during the first year of the study 

(2009) was 1693.90 mm whereas in the second year (2010), it was 2659.60 mm 

(Table 3.1). In the first year of experiment pre-monsoon rain started in the 

month of April and the monsoon season occurred during July to October. The 

pre- monsoon rain in the second year of experiment started in the month of 

March while the rainy season started from May and continued up to October.  

3.1.2.3.2 Air temperature 

  The maximum air temperature at noon during the study period in the 

first year of the study (2009) was recorded in May (33.50º C) while the same 

for the second year (2010) was 34.10 in the month of March. The minimum air 

temperature in the first year was recorded in December (10.10º C) while in the 

second year it was 9.30º C in the month of December (Table 3.1).   

 



 

 

Table 3.1 : Rainfall, Temperature and Relative humidity of the Experimental site during the study period. 

Month Air temperature (º C) Rainfall ( mm) Relative Humidity (%) 

 2009 2010 2009 2010 2009 2010 

 Min Max Min Max   Min. RH Max. RH Min. RH Max. RH 

January 10.50 26.50 11.20 28.70 0.00 0.00 52.00 82.00 38.00 82.00 

February 12.40 30.50 11.10 27.80 0.00 15.80 34.00 70.00 42.00 89.00 

March 14.50 32.70 13.30 34.10 14.60 101.30 20.00 84.00 32.00 96.00 

April 14.50 32.10 14.90 33.70 178.40 150.50 44.00 96.00 45.00 98.00 

May 15.30 33.50 16.50 30.10 187.70 299.90 64.00 98.00 72.00 100.00 

June 17.50 30.70 17.70 29.30 167.50 327.40 75.00 97.00 82.00 100.00 

July 19.90 31.60 19.30 30.30 299.40 406.70 74.00 97.00 85.00 98.00 

August 19.20 30.40 19.30 30.20 274.50 517.90 78.00 100.00 87.00 98.00 

September 19.30 32.70 19.10 30.70 361.70 477.70 70.00 98.00 81.00 100.00 

October 18.00 32.10 17.30 33.10 192.30 291.10 64.00 96.00 69.00 100.00 

November 14.10 32.80 13.30 30.20 17.80 23.90 60.00 100.00 64.00 96.00 

December 10.10 26.50 9.30 27.40 0.00 47.40 57.00 86.00 52.00 100.00 



 

 

 

3.1.2.3.3   Relative Humidity (RH%) 

 The mean Relative Humidity (RH %) of the experimental site ranged 

from 20 to 100 % during the study period in the first year. The RH was recorded 

to be highest in August and November with RH of 100 %. The maximum RH 

(%) in the second year was recorded in may, June, September, October and 

December (100 %) while the minimum (32%) was recorded in March 2010.  

3.1.3   Soils    

3.1.3.1 Mizoram 

  The soils of Mizoram are dominated by sedimentary formation. These are 

generally young, immature, mostly developed from parent materials such as 

ferruginous sandstones and shale. The soils of Mizoram are classified into three 

orders such as ultisols, inceptosols and entisols (Sarkar and Nandy, 1976; Singh 

and Datta, 1989). The soils in the foot hills are collocium deposit and in plain 

areas alluvial deposits are predominant. The soils as a whole are well drained 

except in flat lands of few valleys. The soil in general has low inherent fertility 

viz. bases and mineral reserves. The soils in the hills are strongly acidic in 

reaction, whereas the soils in alluvial deposits are less acidic in nature (Anon., 

1991) 

 



 

 

  

Fig 3.3: Pluviothermic diagram of the study area showing dry and wet season of 2009. 
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Fig 3.4. Pluviothermic diagram of the study area showing dry and wet season of 2010.  
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 The surface soils of the hilly terrains of Mizoram are dark, highly 

leached and poor in bases, rich in iron and mostly acidic with pH values 

ranging from 4.5-6.0. The soils are well drained, deep to very deep, rich in 

organic carbon, low in available phosphorus content and high in available 

potash. The surface soil textures are loam to clay loam with clay content 

increasing with depth. The percentages of clay, silt and sand within 50 cm of 

the surface in most cases are 20-30 per cent and 25-45 per cent, respectively. 

The pH and organic carbon contents decreases and clay increases with depth. 

The base saturation above a lithic or paralithic contact is mostly low which is 

below 35 per cent (Anon., 1991). They are capable of providing substantial 

oxygen supply for plant growth and have capability to retain moisture and 

maintain supply through the growing seasons of most crops. 

3.1.3.2   Aizawl district 

 The soil of the district is acidic in nature due to heavy rainfall. It 

contains a high amount of organic carbon and is high in available nitrogen, low 

in phosphorus and potassium content. These are deep to very deep but 

moderately to poor drained. The texture of the soil is mostly sandy loam to 

sandy clay loam. The soils found at order level are – Entisols, Inceptisols and 

Ultisols.  

 



 

 

 

3.1.3.3  Experimental site 

 Representive soil samples of the experimental field were collected 

randomly before planting from a depth of 0-15 cm and 15-30 cm with the help 

of Auger from five random spots and composited for physical and chemical 

analysis. The soil of the experimental site is acidic, well drained, sandy loam in 

texture. The physico-chemical properties of the soil of experimental field are 

presented in Table 3.2 and Table 3.3. 

3.1.4   Vegetation Type 

3.1.4.1   Mizoram 

 The state of Mizoram falls under the tropical semi- evergreen belt. 

However, due to reduced jhum cycles it is replaced by bamboo interspersed 

with secondary forests. Various authors have classified the vegetation into 

different classes. Based on Champion and Seth’s Classification (1968) the 

following types of forests are found to be present in the state: (a) Tropical wet 

evergreen forests (up to 900 m); (b) Tropical semi evergreen forests (900-1500 

m), and (c) Montane sub-tropical pine forests (1500-2158 m). Of the three 

types, the most important one is Tropical wet evergreen forests and are found 

in the southern and western parts of Mizoram. The common timber species 

found in the area are Dipterocarpus turbinatus, Artocarpus chaplasa, 

Terminalia myriocarpa, Duabanga sonneratoides and Michelia champaka 

(Anon., 2003). 



 

 

 

 

Table 3.2 Mechanical composition of the experimental soil. 

Particulars Content Textural class 
           Fine sand (%) 52.64 

Sandy loam Coarse sand (%) 10.74 
            Silt (%) 18.16 
           Clay (%) 13.53 
 

Table 3.3. Chemical properties of soil 

Depth of 
soil    (cm) 

Soil pH Organic 
carbon 
(%) 

Available 
N  

( Kg/ha) 

Available 
P2O5                     
( Kg/ha) 

Avalilable 
K2O          
( Kg/ha) 

0-15 4.85 0.67 278.85 25.74 121.38 

15-30 4.79 0.56 269.56 24.67 132.48 

Average 4.82 0.61 274.20 25.20 126.93 

Table 3.4 Methods of Soil Analysis  

Soil charactersitstics Methods Reference 
 

Mechanical analysis International Pipette 
method  

Piper (1966) 

pH Potentiometric Method Jackson (1973) 
Organic Carbon Wet digestion method Walkley and Black 

(1934) 
Available N ( Kg/ha) Modified Kjeldhal 

method 
Jackson (1973) 

Available P2O5 ( 
Kg/ha) 

Bray’s Method -I Bray and Kurtz 
(1945) 

Avalilable K2O( 
Kg/ha) 

Flame Photometric 
method 

Jackson (1973). 

  



 

 

 Tropical semi evergreen forest covers the central bio-geographic zone 

and the coverage is approximately 50 per cent of the total geographical area. 

The common timber species are:  Michelia champaka, Scima wallichi, Gmelina 

arborea and Castanopsis tribuloides etc.  The montane sub-tropical pine forest 

covers in the eastern fringes bordering Myanmar and approximately extending 

from 1500-2158 msl and constitutes about 24 per cent of the total geographical 

area. The common tree species of the forest are Pinus kesiya, Rhododendron 

arboretum, Quercus serrata, Quercuc griffithii  etc. (Anon., 2003).  

3.1.4.2    Aizawl district 

 The forest type of Aizawl district is mainly tropical wet evergreen forest 

mixed with semi- evergreen and tropical moist deciduous forests comprising 

mainly of bamboo. There are also sub-tropical forests found at high altitude 

places. The vegetation consists of a mixture of several species. Depending on 

the density of the canopy cover, the forests have been divided into 

dense/closed, medium dense and less dense forest. The dominant species in the 

district are Celtis tetrandra, Anthocephalus chinensis, Wendlandia grandis, 

Protium serratum, Phoebe lanceolata, Phoebe attenuate, Ficus benghalensis, 

Garuga pinnata, Callicarpa arborea, Albizzia chinensis, Oroxyllum indicum, 

Aporusa octandra and Erythrina stricta etc.  

 

 



 

 

3.1.5   Agricultural/ Horticultural Scenario 

3.1.5.1  Mizoram 

 Agriculture is the mainstay for about 60 per cent of the population of 

Mizoram. However, out of the total area only 21 per cent is put on the 

paddy/seasonal crops. As high as 63 per cent of the total cropped area is under 

shifting cultivation. The crops grown in the jhum are mixed. The principal crop 

is paddy and others are maize, cucumber, beans, ginger, mustard, sesame, 

cotton etc.  Paddy occupies almost 50 per cent of the total cropped area and 

more than 88 per cent of the total area under food grains.  

 The state occupies an area of 41270.6 ha under horticultural crops. 

Being endowed with favourable agro-climate condition, Mizoram is suitable 

for growing tropical, sub-tropical and even some of temperature fruits. A total 

area of 22,644.5 ha land has been covered for fruit cultivation in the state. The 

major fruit crops are Orange, Pineapple, Passion Fruit, Banana, Mango, 

Papaya, Guava, Jack Fruit, Grapes, Pear, Litchi and Apple. The state is highly 

conducive for the growth of various commercial fruits including Kiwi fruits. 

At present, Banglore Blue Variety of Grape is grown in large scale in the 

district of Champhai of Mizoram. From the Grape production of around 600 

tonnes of fruit, wine/grape juice is produced for local consumption. A number 

of vegetables like  

 



 

 

cabbage, brinjal, tomato, french bean, lady's finger, chow chow, cowpea, 

pumpkin, broccoli are also grown in the state. The mild climate of the hills in 

Mizoram has the unique advantage of growing almost all type of flowers round 

the year. Flowers like anthurium, roses, bird of paradise, gladiolus, 

chrysanthemum etc. are grown successfully round the year. Anthurium has 

been exported outside the state regularly.  

3.1.5.2. Aizawl district 

 Majority of the population in Aizawl district are mostly shifting 

cultivators. Rice cultivation in lowland and traditional shifting cultivation in 

hill slopes is the main livelihood of the villagers. In general, the economic 

condition of the rural people is poor. The crop productivity per unit area is low 

due to poor technical-know-how and biophysical causes associated with the 

land.  

 The district also houses a variety of horticultural plantations. The 

common fruit crops in the district are orange, lemon, banana, pineapple, 

papaya. Similarly vegetables like cucumber, cowpea, cabbage, french bean, 

chow chow are growing commercially in the district. Among flowers, 

anthuriam, bird of paradise cultivation started on commercial scale under green 

houses by the farmers of the district. 

 

 



 

 

 

3.2  MATERIALS  

3.2.1   Cultivar 

‘Grand Naine’ a leading commercial cultivar of banana was selected as 

the material for the study. The Genome nomenclature of the cultivar is Musa 

(AAA group, Cavendish sub group) ‘Grand Naine’.  

The name ‘Grand Naine’ literally translates from French meaning 

"Large Dwarf”. It is a cultivar of the well known Cavendish bananas and 

originally imported from Israel. The name Grand Naine refers to its relative 

height compared to the Giant Cavendish and Dwarf Cavendish. The Grand 

Naine cannot typically be distinguished from other Cavendish cultivars without 

growing the plants side by side and comparing the heights. The plant, like other 

banana plants, is an herbaceous tree that produces large oblong leaves. The 

leaves often become torn or tattered at the ends as a result of mechanical 

stresses such as wind. Being an angiosperm, the Grand Naine produces large 

inflorescence which develop into the edible fruits parthenocarpically. 

The Grand Naine has become one of the most popular cultivar for 

commercial plantations. Its characteristic medium height and large fruit yields 

make it ideal for commercial agriculture. The moderate height allows easy 

harvesting and  



 

 

 

some resistance to wind throw. The seedless quality of the fruits also increases 

its popularity.  

3.2.2   Planting materials 

 Hardened tissue cultured seedlings free from disease and pest infestation 

were used for the study. For the purpose, seedlings were purchased from 

Elegence Flowers, Kolkata. All the seedlings were kept in the nursery of 

Horticulture Centre, Govt. of Mizoram, Citeh, Aizawl for secondary hardening 

before planting in the experimental site.  

3.2.3  Farm yard manure (FYM) : 

Well decomposed and fine FYM was collected from local cattle grower of 

village Tuivamit, Aizawl for the experimental purpose.  

3.2.4  Inorganic fertilizers 

Required concentrations of Nitrogen, phosphorous and Potassium in the 

experimental field were applied by using Urea (46%), SSP (16% P2O5) and 

MOP (60% K2O), respectively. For the purpose, fertilizers were purchased 

from Godrej Agrovet Pvt. Ltd., Aizawl. 

 

 



 

 

 

3.2.5  Vermicompost  

 Vermicompost used for the study was arranged from Horticulture Dept., 

Govt of Mizoram, Aizawl. 

3.2.6  Biofertilizers and Bioagents 

Biofertilizers and Bioagents  used for the study are Azospirillum, 

Phosphate Solubilizing Bacteria (PSB), Vesicular Arbuscular Mycorrhiza 

(VAM) and Trichoderma harzianum. These biofertilizaers and bioagents were 

procured from Amit Biotech Pvt. Ltd., Kolkata. 

3.3 METHODOLOGY 

3.3.1  Layout and Experimental design 

 The Experimental Design followed was Randomized Block Design 

(RBD) with 3 replications. In all, there were 11 treatments comprised of 

various combinations of chemical and biofertilizers. Therefore, there were 33 

plots and, each having an area of 51.84 m2  
 with 1 m distance between each 

plot and the total area of the experimental field was 2105.12 m2
. The number of 

plants accommodated in each plot was 16 with spacing of 1.8 m X 1.8 m. The 

detail layout of the experiment has been presented in Figure 3.5.  The various 

combinations used for 11 treatments are  stated below: 

 



 

 

 

Treatment details: 

T0 = Control (Without any fertilizer)  

T1 = 100% Recommended dose of NPK + FYM (RDF)  

T2 = 100 % Recommended dose of NPK + Vermicompost 

T3 = 100 % RDF + Azospirillum 

T4 = 100% RDF + Trichoderma  harzianum  

T5 = 100% RDF + VAM 

T6= 100% RDF + PSB 

T7 = 100% RDF + VAM + Azospirillum + PSB  

T8 = 100% RDF + VAM +  Azospirillum + PSB + Trichoderma  harzianum  

T9 = 75% RDF + VAM +  Azospirillum + PSB + Trichoderma  harzianum 

T10 = 50% RDF + VAM +  Azospirillum + PSB + Trichoderma  harzianum  

The dosage of the fertilizers and manures for the observation was:  

FYM                                                                :  15 kg/plant 

Vermicompost                                                 :   2 kg/plant 

Azospirillum                                                     :  50 g/plant 

PSB                                                                   :  50 g/plant 

Trichoderma  harzianum                                  :  50 g/plant 

VAM                                                                 :  50 g/plant 

    Recommended Dose (RD) of N              :  200 g /plant 

    RD of P2O5                :  100 g/plant 

    RD of K2O                :  300 g /plant 



 

 

 

                                 Fig 3.5:  Experimental Layout  



 

 

3.3.2  Cultural Operations 

3.3.2.1  Field preparation 

The experimental field was thoroughly ploughed followed by harrowing 

and leveling. Thereafter, field was equally divided into 33 plots each measuring 

an area of 51.84 m2.  In each plot,   16 pits of 45 cm3 size were dugged at a 

spacing of 1.8 X 1.8 m with a margin of 0.9m. 

3.3.2.2  Application of Lime 

Each pit was filled up with a mixture of top soil and 200 g agricultural 

lime one month prior to planting. In addition, all the contents of the pit were 

mixed thoroughly before planting. 

3.3.2.3  Application of FYM 

Well rotten FYM @ 15 kg per pit was applied before planting as per 

scheduled treatments and mixed thoroughly with the soil.  

3.3.2.4  Application of Vermiocmpost  

Vermicompost @ 2 kg/ pit was applied before planting as per scheduled 

treatments and mixed with the soil. 

 

 



 

 

3.3.2.5   Application of Biofertilizers and Bioagents 

Biofertilizers and Bioagents viz.Azospirillum, PSB, VAM and 

Trichoderma harzianum @ 50 g/ plant were mixed uniformly with the soil at 

the time of planting following scheduled treatments. 

3.3.2.6   Planting of seedlings 

The selected seedlings were treated with furadon granules as preventive 

measures against nematode and corm borer attack. The treated seedlings were 

planted on 15th May, 2009. 

3.3.2.7   Time and methods of application of inorganic fertilizer 

application: 

 The recommended dose of nitrogen, phosphatic and potassic fertilizers 

@ 200 g N, 100 g P2O5 and 300 g K2O per plant in the form of urea, SSP and 

MOP, respectively were applied. Whole of phosphatic fertilizers along with 

half of potassic fertilizer was applied at the time of planting. Rest half of the 

potassic fertilizer was applied after 8 months of planting i.e. at shooting stage. 

Nitrogenous fertilizer was applied in three split doses i.e. 100 g after 1 month, 

50 g after 4  months and 50 g after 7 months of planting. The fertilizers were 

applied to the soil in a circular band of 10 cm deep keeping a distance of 15 cm 

from pseudostem in 1st month, 45 cm in 4th month, 75 cm in 7th  and 8th  month 

after planting. 



 

 

3.3.2.8   Aftercare and Interculture 

 Hand weeding and earthing up were done uniformly in all treatments 

whenever necessary. Irrigation was provided only during dry spell particularly 

during winter periods. Desuckering was followed up to the time of shooting 

and after shooting, only one sucker was allowed to grow along with the mother 

plant and all other suckers were removed. Propping was done with the help of 

bamboo poles and every plant was propped with 1 pole. Plants were sprayed 

with Ekalux @ 1ml/l of water as a prophylactic measures against leaf and fruit 

scaring beetle (Colaspis hypochlora) at 15 days interval up to bunch 

emergence. Bavistin @ 0.2 per cent solution was sprayed over the plants as 

prophylactic measures against leaf spot disease (Mycosparella musicola). In the 

initial stage, few plats were affected by bunchy top virus disease which were 

uprooted and removed from the field immediately and gaps were filled up with 

new healthy seedlings of same age after taking proper sanitation measures. 

Male buds and floral remnants were removed at proper time. Dried leaves were 

cut and removed periodically. 

3.3.2.9   Harvesting 

  Harvesting was done uniformly at 3/4th maturity stage when the ridges of 

the fingers were disappeared and turned the colour from dark green to light 

green. While harvesting, the peduncles were cut at 22.5 cm above the first hand 

and 5 cm  



 

 

below the last hand. The mother plant was cut down by leaving about 1m of 

pseudostem above the ground level. 

3.4  OBSERVATIONS 

3.4.1 Plant Growth characters:   

Plant growth characters of five plants from the middle of each plot were 

selected randomly for observation and tagged for subsequent record. The 

observations were recorded after three months of planting. For growth and 

developmental characters observations were taken at small (3 month after 

planting), large (5 month after planting), shooting and harvesting stage. 

3.4.1.1   Pseudostem height: 

The pseudostems of the tagged plants were marked with permanent 

marker at 15 cm above the ground level. Height of the pseudostem was 

recorded at small, large and shooting stage. The height was measured from the 

red mark to the point of intersection of the youngest first and second leaf axis. 

Finally the 15 cm length was added and the total height was expressed in cm. 

3.4.1.2   Pseudostem girth:   

Girth of the pseudostem was measured at small, large and shooting stage 

at 15 cm above the ground level and was expressed in cm. 

 

 

 

 



 

 

 

3.4.1.3   Number of functional leaves 

The number of functional leaves was recorded by counting only the 

green and healthy leaves at small, large, shooting and harvesting stage. The leaf 

with 3/4th or more photosynthetically active area was considered as functional 

leaf. 

3.4.1.4   Total Leaf production 

 The total number of leaves produced by plants during the entire growth 

period was counted from the first leaf emergence up to the shooting stage. 

3.4.1.5   Leaf area 

The leaf area of the third leaf (from the apex) was calculated by 

multiplying the product of the length and bredth of the lamina with the factor 

0.8 (Murray, 1960) and expressed in m2. The length of the leaf was measured 

from the base of the lamina to its apex along the midribs and width was 

measured at the broadest portion of the lamina. The leaf area was recorded at 

small, large, shooting and harvesting stage. 

 To compute the total leaf area of the plant, the leaf area of the third leaf 

was multiplied by the number of functional leaves recorded at the time of 

observation (Murray, 1960). 

 

 



 

 

 

3.4.1.6   Leaf area index (LAI) 

Leaf Area Index at small, large, shooting and harvesting stage was 

calculated by adopting the methods of Williams (1946).  

                Leaf area of three plants 

 LAI  =        -------------------------------------------------- 

   Area of land occupied by three plants 

3.4.1.7   Phyllochron 

 The time interval in days between the production of two successive 

leaves was recorded in days and the mean values for each plant at small, large 

and just prior to shooting stage were determined. 

3.4.1.8   Planting-shooting interval 

 The date of shooting was noted on the day of emergence of first whorl 

of inflorescence and the days taken for shooting from planting was counted. 

3.4.1.9   Shooting- harvesting interval 

  The duration from the date of shooting to the date of harvesting was 

counted in days. The fruits were considered to be ready for harvest at the time 

of disappearance of the ridges from the fingers. 

3.4.1.10   Sucker production 

The total number of suckers produced per plant during the whole crop 

cycle was recorded. 

 

 



 

 

3.4.1.11 Crop duration 

The crop duration was recorded for each plant by counting the days taken from 

the date of planting to the date of harvest. 

3.4.1.12 Net assimilation rate (NAR) 

  NAR was calculated at shooting stage as per the method given by 

Radford (1967) by using the following formula:  

                                         dw 

 NAR  =        ---------------- (g/m2/day). 

         A.dt  

     Where, dw = difference between weight of plants at two stages;   

                    dt = difference between time  at two stages;  

                     A = difference between leaf area at two stages 

3.4.1.13  Total biomass production 

Total biomass production was determined by taking the weight of corm 

with roots, pseudostem, leaves and bunch and finally they were added and 

expressed in kilogram. 

 

 

 



 

 

 

 3.4.1.14  Harvest index (HI) 

The Harvest Index on fresh weight basis was calculated as per the 

methods of Donald (1962) as: 

            Economic yield (bunch weight/plant) in kg 

 Harvest Index =      ------------------------------------------------------------- 

                           Total biomass production in kg 

 

3.4.2 Yield attributing characters and yield  

3.4.2.1 Number of hands per bunch 

Total number of hands per bunch was calculated by counting the total 

number of fully developed hands per bunch. 

3.4.2.2   Fingers per hand 

 Total number of fingers per hand was counted from the second hand 

3.4.2.3   Fingers per Bunch 

Total number of fingers per bunch was calculated by adding the total 

number of fingers in all the hands of the bunch. 

3.4.2.4   Second hand weight 

 The weight of the second hand from the bunch was taken at harvest and 

expressed in kg. 

 

 

 



 

 

3.4.2.5   Bunch weight 

The weight of the bunch was taken at harvest with all hands and the 

peduncle and expressed in kg. 

3.4.2.6   Length of finger 

The length of finger was measured in cm from the base of the pedicle to 

the tip along the dorsal curve. The middle fruit in the top row of the second 

hand was recorded as representative fruit for finding out finger length and other 

physical characters. 

3.4.2.7  Circumference of finger 

The circumference of finger was measured at the middle portion of the 

fruit by using a thread and expressed in cm. 

3.4.2.8   Volume of finger 

 The fruit volume was calculated by using the methods of Simmonds 

(1953) as: 

               V= 0.3537 + 0.0616 LC2 

Where,  V= Volume of finger in cc;   

              L= Length of the finger;  

             C= Circumference or girth of the finger in cc 

 

 

 

 

 



 

 

3.4.2.9  Weight of the finger 

Three fruits from the upper raw and two from the lower row from the 

middle part of the second hand were selected for recording the mean weight (in 

g) of the fingers and also for recording other physical characters (Gottreich et 

al., 1964). The average finger weight was calculated dividing the bunch weight 

by total number of finger in bunch.  

3.4.2.10  Pulp- peel ratio 

 Mean weight of pulp and peel of ripe fruits were recorded separately 

and were expressed in gram and ratio was calculated as follow: 

                                     Pulp weight (g) 

Pulp- Peel ratio   =    ------------------------ 

                                      Peel weight (g) 

3.4.2.11 Yield per ha 

Yield per hectare was calculated by multiplying the average bunch 

weight with the total number of plants per hectare and expressed in tonnes per 

hectare. 

 

3.4. 3.  Quality parameters 

3.4.3.1 Moisture 

   Moisture content of the fruit was determined by the oven dry method as 

described by Rangana (1986). For determination of moisture content, the ripen  

 



 

 

middle finger from the second hand was taken and from which the 

representative samples of 5 g were taken and dried at 60º C till a constant 

weight. The moisture content was expressed in percentage as. 

        Initial sample weight – Final sample weight 

 Moisture % =         ------------------------------------------------------------------- X 

100 

        Initial sample weight  

3.4.3.2 Total soluble solids (TSS) 

TSS of the fruit pulp was determined by Zeiss Hand Brix Refractometer  

and the result was expressed in percentage (%). 

Similarly, titrable acidity, reducing sugar, total sugar and non-reducing 

sugar were estimated by adopting the standard methods of A.O.A.C. (1975). 

3.4.3.3  Titrable acidity 

For estimation of titrable acidity, 10 g of pulp was grounded in mortar 

with pestle and 100 ml of distilled water was added followed by filtration. Ten 

ml of filtrate was titrated against 0.1 N NaOH using phenolphthalein as 

indicator. Titrable acidity was expressed in percentage in terms of anhydrous 

citric acid by using the following formula: 

           Titre value  X  Normality of alkali  X  Volume made up  X  Eq. weight of citric 
acid 

Titrable acidity = ----------------------------------------------------------------------- X  100

                         Weight of sample X Aliquot X 1000 

 



 

 

3.4.3.4    Reducing sugar 

 4 ml of saturated lead acetate solution and 2 ml of sodium oxalate were 

added to 10 g of pulp which was already ground in a mortar and the volume 

was made up to 100 ml with distilled water, centrifuged and then filtered. The 

filtrate was titrated against 10 ml of boiling Fehling’s solution mixture (5 ml of 

Fehling’s solution A + 5 ml of Fehling’s solution B) using methylene blue as 

indicator. Deep brick red colour of the solution indicated the end point and the 

reducing sugar was determined with the following formula and the value was 

expressed in percentage. 

                                                    Factor  X  Volume made up  

Reducing sugar   =    -------------------------------------------------    

X 100 

                                             Titre value  X  Weight of sample  

   Where Factor = 0.05 (mg of invert sugar) 

3.4.3.5   Total sugar 

From the solution that was prepared for reducing sugar, 25 ml of the 

solution was taken and 2.5 ml of the concentrated HCL was added to it and 

kept overnight. The solution was then neutralized with 1N NaOH and volume 

was made up to 75 ml with distilled water and titrated against 10 ml boiling 

Fehling’s solution mixture using methylene blue as indicator. From the titre 

value, percentage of total sugar was calculated as follows:  

 



 

 

Total sugar = (% Sucrose + % reducing sugar) 

Sucrose % =  (% Total invert sugar - % reducing sugar ) X 0.95 

                                   Factor X Volume made up X Volume of stock solution  

% Total invert sugar =  -----------------------------------------------------------X 100 

                                      Titre value X weight of the sample X Aliquot taken  

3.4.3.6   Non- reducing sugar 

Non-reducing sugar was calculated out from the differences between 

total sugar and reducing sugar as: 

Non-reducing sugar= Total sugar – reducing sugar 

 

3.4.3.7   Sugar-acid ratio 

 The sugar - acid ratio was calculated by dividing the value of total sugar 

by titrable acidity as: 

                                                   Total sugar (%) 

Sugar- Acid ratio =     ----------------------- 

                                        Titrable acidity (%) 

 

3.4.3.8   Ascorbic acid 

Visual titration method (Freed, 1966) was followed for the estimation of 

ascorbic acid content of the fruit pulp  and the result was expressed in mg per 

100 g. For the purpose, 5 g of fruit pulp was ground in a mortar with 25 ml of 

4% oxalic  

 



 

 

acid, filtered through Whatman No. 1 filter paper and the filtrate was collected 

in a 50 ml volumetric flask. The volume was made up to 50 ml with 4 % oxalic 

acid. 5 ml of the extract was taken with 5 ml of oxalic acid and titrated against 

standard 2, 6-dichlorophenol indophenol dye until the solution changed to pink 

colour which persisted for at least 15 seconds. The amount of ascorbic acid was 

calculated by using the dye factor as follows: 

                      Titre value X Dye factor X volume made up  

Ascorbic acid(mg/ 100 g) =………………………………………………… X 

100 

                        Aliquot of extract taken for estimation  X  volume of sample 

taken   

 

 

3.4.4 Plant leaf analysis 

3.4.4.1  Collection of leaf samples 

The third leaf from the apex (counting the top most fully emerged leaf 

as the first) was used as suggested by Hewitt (1955) and Murray (1960) for 

collecting leaf samples. Samples were collected between 9.00 am and 11.00 am 

at large, shooting and harvest stages. Samples were taken from the middle 

portion of the lamina to a width of about 45 cm on both sides of the midrib. 

The collected samples were brought to the laboratory and cleaned with a piece 

of dry cloth. The leaves were then cut into smaller pieces and sun dried as well 

as oven dried in a hot air oven at 60º C, ground and powdered and stored in 

sealed butter paper bags  after properly  

 



 

 

 

tagging for estimation of N,P2O5 and K2O analysis. Fresh samples were used 

for estimation of Leaf Relative Water Content (RWC).   

3.4.4.2  Estimation of nitrogen 

0.5 mg of sample was taken in a digestion flask to which digestion 

mixture was added and the sample was digested with 25 ml H2SO4 till a bluish 

liquid is formed. This digested solution was used for estimation of total 

nitrogen content in the leaf by micro-kjeldhal method as described by 

Humphries (1956). N was estimated as the amount of ammonia evolved during 

steam distillation of the digest. The liberated ammonia was collected over a 

solution of 2 per cent boric acid and titrated with standard sulphuric acid using 

methyl red as indicator. The amount of nitrogen was expressed as percentage 

on dry weight basis.  

3.4.4.3 Estimation of phosphorus 

Plant samples were digested by the wet digestion method as described by 

Jackson (1973). 0.5 g of plant sample was taken in a 250 ml conical flask and 5 

ml of conc. HNO3 was added to it. After pre digestion with nitric acid, 10 ml of 

triacid mixture (HNO3, H2SO4and HClO4 in the ration of 10:1:4) was added to 

the conical flask and digested on hot plate at temperature between 200-250º C 

till yellow fumes were removed and about 2 ml of the solution was left. The 

solution was then used for determination of leaf phosphorous by adopting 

colorimetric method. 



 

 

 

3.4.4.4   Estimation of potassium 

The stock solution prepared for determination of leaf phosphorus were used 

for estimation of leaf potassium content with the help flame photometre by 

using K filter as described by Jackson (1973). 

3.4.4.5   Leaf relative water content (RWC) 

Leaf RWC at large, shooting and harvest stages was determined as per 

the method suggested by Barrs and Weatherlay (1962). 25 leaf discs of 1 cm 

diameter were punched out, surface dried, weighed and allowed to float in 

distilled water on a pertidish. After 4 hours discs were removed from water, 

surface dried with filter paper and weighed. Discs were then dried to a constant 

weight in an oven at 80 ºC for 24 hours. The Leaf RWC was calculated by 

using the following formula: 

                           FW - DW 

Leaf RWC = ----------------------  X  100 

    TW – DW 

 

Where,                 FW= Fresh Weight;  

                             DW= Dry Weight;  

                            TW= Fully Turgid weight 

 

 



 

 

 

3.4.5 Soil Analysis 

3.4.5.1  Collection and preparation of the sample 

Soil samples were collected at a distance of 50 cm from the plant 

(Godefroy, 1989) at a depth of 0-30 cm (Lopez, 1998) after harvest. The soil 

samples so collected were air dried, ground with wooden roller and passed 

through 2 mm sieve and stored in butter paper bags with proper tagging and 

used for various analysis pertinent to the experiment. 

3.4.5.2   Soil pH 

  Soil pH was determined by potentiometric method (Jackson, 1973). For 

the purpose, soil water suspension was prepared at the ratio of 1:2 and the pH 

of the suspension was estimated with the help of pH meter with glass electrode.  

3.4.5.3   Soil organic carbon 

Organic carbon content of the sample was estimated by the “Wet 

digestion method” as described by Walkley and Black (1934) and expressed in 

percentage. 

 

3.4.5.4   Available nitrogen 

Available nitrogen of the soil sample was determined by Modified 

Kjeldhal’s method as described by Jackson (1973) and the amount of available 

nitrogen present in the sample was expressed as Kg/ha.  

 

 



 

 

3.4.5.5   Available phosphorus 

Available Phosphorus in soil sample was extracted by Bray’s I (0.03 N 

NH4F + 0.025 N HCl) method as described by Bray and Kurtz (1945). The 

phosphorus was determined colorimetrically and expressed as available P2O5 

(kg/ha). 

 

3.4.5.6   Available potassium 

  Available potassium content of the soil was extracted by neutral normal 

ammonium acetate as outlined by Jackson (1973). The potassium content of the 

sample was determined with the help of Flame photometer and expressed as 

available K2O (kg/ha). 

3.4.6 Other studies 

3.4.6.1 Economics of cultivation  

 The economics of the individual treatment was calculated based on the 

total cost of cultivation and gross income and were expressed on per hectare 

basis.  

The expenditures both recurring and non-recurring required during the 

cropping period were computed based on the investment on preparatory cost 

including planting materials, FYM, vermicompost, Biofertilizers, inorganic 

fertilizers, bamboo poles,  intercultural operations, plant protection and 

harvesting as well as carrying operations. Net return was calculated by 

subtracting gross expenditure from the gross return on per hectare basis.  



 

 

 

3.4.6.2   Benefit: Cost ratio 

 The benefit-cost ratio was calculated from the value of total expenditure 

and gross return based on the benefit obtained on per rupee cost in different 

treatments separately. 

 

3.5  STATISTICAL ANALYSIS 

The data obtained from different observations during field 

experimentation and laboratory analysis were subjected to Fisher’s method of 

analysis of variance (ANOVA) by randomized block design. Significance and 

non-significance of the variance due to different treatments were determined by 

calculating the respective ‘F’ value and comparing with the appropriate value 

of ‘F’ at 5 per cent probability level (Panse and Sukhatme, 1985). 

  By comparing different treatments among themselves critical 

difference were calculated at 5% probability level. Standard Error Differences 

(S.Ed.) was calculated by using the following formula:  

                           S.Ed. = 
  2 X Error mean square
Number of replications  

       

  



 

 

The significance and non-significance of treatments at 5 per cent 

probability level were calculated by multiplying the S.Ed with appropriate 

tabulated values for Error Degrees of Freedom. 

  To establish the relationship between and some parameters, the data 

were subjected to correlation studies. The correlationco-efficient (r) was 

calculated by using the following formula. 

           Correlation co-efficient = 
Cov.(X , Y )

(Var.X )(Var.Y )
 

 

 Where, X and Y are two characters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter IV:   reSULtS 



 

 

 

Chapter IV 

Results 

…….…………………………………………………………………….............. 

The results obtained during the present investigation on growth 

parameters, yield attributing characters and yield, quality parameters and effect 

of various treatments on soil features are presented below.  

4.1 GROWTH CHARACTERS 

4.1.1  Pseudostem height (cm) 

The data pertaining to pseudostem height of growth stages at small, 

large and shooting are presented in Table 4.1. Analysis of variance revealed a 

significant difference   in  pseudostem height at different growth stages due to 

different treatments. 

At small stage, the treatment- 100 % RDF + VAM +  Azospirillum + 

PSB + Trichoderma  harzianum (T8) significantly increased the pseudostem 

height over all other treatments by recording a maximum height of 91.57 cm 

except T9 (90.17 cm) which statistically at par with T8. The lowest height was 

recorded in control (T0) with a height of 71.83 cm which was significantly 

lower than all other treatments.  

 



 

 

    Table 4.1: Pseudostem height and girth at different stages of growth  
Treatments 

  
Pseudostem height (cm) 
                        

Pseudostem girth (cm) 

Stages          Small Large Shooting Small Large Shooting 

T0 71.83 193.15 233.20 27.54 54.62 62.90 

T1 76.35 202.39 244.01 29.49 60.20 67.29 

T2 79.67 206.75 253.03 29.67 60.60 66.93 

T3 80.35 209.67 255.74 27.69 62.44 68.84 

T4 82.99 209.75 256.76 29.49 61.62 67.50 

T5 84.39 210.79 255.99 29.58 62.71 67.05 

T6 82.32 212.40 258.09 30.87 62.10 67.96 

T7 86.29 209.73 256.20 30.37 62.47 68.40 

T8 91.57 222.61 266.55 34.59 68.48 72.63 

T9 90.17 215.13 262.49 31.03 64.90 69.82 

T10 88.95 217.65 255.81 32.32 65.82 70.55 

S. Ed.± 0.88 1.37 2.02 0.79 0.74  
1.06 

CD0.05 1.83 2.85 4.21 1.65 1.54 2.20 



 

 

At large stage, the highest pseudostem height was recorded in T8 (222.61 

cm) which was significantly higher than rest of the treatments, it was followed 

by 50% RDF + VAM +  Azospirillum + PSB + Trichoderma  harzianum (T10) 

with  a value of 217.65 cm and 75 % RDF + VAM +  Azospirillum + PSB + 

Trichoderma  harzianum ( T9 ) with 215.13 cm respectively, while the lowest  

height was recorded in T0 (193.15 cm) which was significantly lower than all 

other treatments. 

At shooting stage, the highest pseudostem height was observed in T8 

(266.55 cm) which was higher than all other treatments except T9 (262.49 cm) 

where it was statistically at par. However, T0 recorded the lowest significant 

pseudostem height (233.20 cm) at this stage of growth. 

4.1.2  Pseudostem girth (cm) 

  Data presented in Table 4.1 reveals that there was a significant 

difference in pseudostem girth among the different treatments at small stage. 

The highest girth (34.59 cm) was recorded in 100 % RDF + VAM +  

Azospirillum + PSB + Trichoderma  harzianum (T8) and the lowest (27.54 cm ) 

in control (T0). However, it was statistically at par with 100 % RDF + 

Azospirillum (T3). 

        At large stage, the highest pseudostem girth (68.48 cm) was recorded in T8 

which differed significantly from rest of the treatments. This was followed by 

     



 

 

 

T10(65.82 cm), T9(64.90 cm) and T5(62.71 cm) and lowest pseudostem girth 

(54.62 cm) was recorded in control (T0) which was significantly lower than all 

other treatments. 

At shooting stage, a significant difference was also observed among 

different treatments with respect to pseudostem girth. The treatment 100 % 

RDF + VAM +  Azospirillum + PSB + Trichoderma  harzianum (T8) 

significantly increased the pseudostem girth  (72.63 cm) over all other 

treatments. However, T10 (70.55) cm was statistically at par with T8. Control 

(T0) again recorded the lowest pseudostem girth (62.90 cm). 

4.1.3  Number of functional leaves 

 It is evident from the Table 4.2, that the number of functional leaves per 

plant was significantly influenced by different treatments at small, large, 

shooting as well as at harvesting stage.  

The maximum number of functional leaves at small stage was observed 

in T8 (9.13), it was followed by T10 with 8.60 number of leaves but both of 

them were statistically at par. The lowest number of functional leaves was 

observed in T0 (5.53) at this stage. 

        At large stage, the treatment 100 % RDF + VAM +  Azospirillum + PSB + 

Trichoderma  harzianum (T8) significantly increased the number of functional



 

 

Table 4.2: Functional leaves and total leaf production at different stages of growth 

Treatments 
 

Number of functional leaves Total number of leaves per plant 

Stages        Small Large Shooting Harvesting  

T0 5.53 8.60 10.67 3.13 
 

21.67 

T1 6.33 9.53 12.87 4.27 
 

24.07 

T2 6.93 9.73 12.33 4.60 
 

25.73 

T3 7.47 9.47 10.87 4.07 
 

26.60 

T4 6.67 8.97 11.20 4.67 
 

26.00 

T5 6.47 9.17 12.67 4.27 
 

24.67 

T6 7.60 10.00 11.93 4.33 
 

27.07 

T7 8.20 10.47 12.80 4.47 
 

27.60 

T8 9.13 12.73 14.40 5.60 
 

31.27 

T9 8.33 10.33 12.73 5.20 
 

30.07 

T10 8.60 10.93 12.73 4.13 
 

28.60 

S. Ed.± 0.35 0.26 0.47 0.22  
1.16 

CD0.05 0.73 0.55 0.98 0.45 
 

2.42 
      



 

 

leaves per plant (12.73) over rest of the treatments. The lowest value (8.60) was 

recorded in control (T0) which was statistically at par with T4(8.97)  and T5 

(9.17). 

 At shooting stage, a significant difference was observed among the 

treatments with respect to number of functional leaves. The highest number 

(14.40) was in 100% RDF + VAM +  Azospirillum + PSB + Trichoderma  

harzianum (T8), followed by T7(12.80), T9 (12.73) and T10(12.73).. However, the 

lowest number of leaves was recorded in T0 (10.87) which was statistically at par 

with treatments T3 (10.67 and T4 (11.20).  

 At harvesting stage, number of functional leaves showed a decreasing 

trend in all treatments. However, the maximum number of functional leaves was 

recorded in T8 (5.60) which were significantly higher than all other treatments 

except T9 (5.20) where it was statistically at par. The lowest number of 

functional leaves (3.13) was recorded in T0 which was significantly lower than 

all other treatments. 

4.1.4  Total leaf production (leaves/ plant) 

   A highly significant difference in total leaf production per plant was observed 

among the treatments due to various concentrations and composition of nutrients. 

The maximum number of total leaves per plant (31.27) was recorded in 100 % 

RDF + VAM +  Azospirillum + PSB + Trichoderma  harzianum (T8), 

  
  



 

 

which differed significantly from rest of the treatments except T9 where total leaf 

production was statistically at par with the value of 30.07. The lowest (21.67) 

was recorded under control (T0) which was statistically at par with T1 treatment 

(24.07).  

4.1.5  Leaf area (m2) 

Data furnished in Table 4.3 showed a highly significant difference in leaf 

area among different treatments at small, large, shooting and harvesting stage.  

 At small stage, the highest leaf area (2.53 m2) was recorded in 100 % 

RDF + VAM + Azospirillum + PSB + Trichoderma  harzianum (T8), which was 

significantly higher than  rest of the treatments except 50% RDF + VAM + 

Azospirillum + PSB + Trichoderma  harzianum (T10) (2.35 m2). It was followed 

by 100% RDF + VAM + Azospirillum + PSB (T7). The lowest leaf area was 

recorded in control (T0) with a value of 1.29 m2 which was significantly lower 

than other treatments except treatments T1(1.42 m2)  and T2(1.45 m2). 

The highest leaf area per plant at large stage was recorded in T8 (12.15 

m2) which was significantly higher than all other treatments. It was followed by 

treatments T9 (10.63 m2)  and T10 (8.77 m2). The lowest leaf area per plant was 

recorded in T1 (3.74 m2) which was significantly lower than rest of the 

treatments.  

 

  



 

 

     Table 4.3:  Leaf area at different stages of growth 

Treatments Leaf area (m2) 
 

 
          Stages  Small Large Shooting Harvesting 

T0 1.29 4.60 10.82 3.47 

T1 1.42 3.74 12.53 3.58 

T2 1.45 4.81 14.45 4.64 

T3 1.56 5.74 13.00 4.79 

T4 1.68 6.79 12.09 4.66 

T5 1.68 6.33 12.97 4.60 

T6 1.81 6.30 13.71 4.68 

T7 2.27 7.61 14.40 4.53 

T8 2.53 12.15 17.42 6.37 

T9 2.20 10.63 14.70 5.75 

T10 2.35 8.77 14.02 4.92 

S. Ed.± 0.09 0.39 0.43 0.28 

CD0.05 0.19 0.82 0.89 0.58 

 

 

 

 

 

 

 

 



 

 

At shooting stage, highly significant difference in leaf area was found 

among the treatments. The highest leaf area per plant was recorded in T8 (17.42 

m2) which was significantly higher than all other treatments. The lowest leaf area 

at shooting stage was recorded in T0 (10.82 m2) which was significantly lower 

than all the treatments. 

 At harvest stage, leaf area under different treatments differed 

significantly. At this stage, the leaf area showed a decreasing trend. However, 

the highest leaf area per plant was observed in T8 (6.37 m2) which was 

significantly higher than rest of the treatments. The lowest leaf area was recorded 

in T0 (3.47 m2) although, statistically at par with treatment T1 (3.58 m2). 

 4.1.6  Leaf area index (LAI)  

It reveals from the Figure 4. 1 that variation in LAI among the treatments 

at all the stages of growth was found significant.  Figure 4.1 further revealed that 

the treatment T8 recorded the highest LAI (0.78) at small stage which was 

significantly superior to all other treatments except T10 (0.73). The lowest LAI at 

this stage was recorded in T0 (0.40) which was significantly lower than rest of 

the treatments except T1 (0.44) and T2 (0.45).  

 

  



 

 

      

 

 

 

 

 

 

Fig 4.1: Leaf area index (LAI) at different stages of growth 
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The highest LAI per plant at large stage was recorded in T8 (3.75) which 

was significantly higher than all other treatments. The treatment T0 recorded the 

lowest LAI of 1.15 which was significantly lower than rest of the treatments. 

 Similar trend as in small and large stages was also noticed at shooting 

stage in respect of LAI, the highest (5.52) being under 100 % RDF + VAM + 

Azospirillum + PSB + Trichoderma  harzianum (T8), which was significantly 

higher than  rest of the treatments. It was followed by T7 (4.51), T2 (4.50), T9 

(4.49), T10 (4.40) and T6 (4.26), respectively with no significant differences 

among them. However, the lowest LAI was recorded in control (T0) with a value 

of 3.31 which was significantly lower than all other treatments. 

 At harvest stage, the LAI was observed to have a significant difference 

among the treatments. The highest LAI was again recorded in T8 (1.96) which 

was significantly higher than all the treatments. It was followed by T9 

(1.77),T10(1.52) and T3(1.48) and the lowest LAI was recorded in T0 (1.07) 

which was significantly lower than all other treatments except T1 (1.10). 

4.1.7  Phyllochron 

  Data on phyllochron at different stages of growth revealed that different 

treatments significantly differed the time interval between the emergence of 

successive leaves at small, large and shooting stage as depicted in Table 4.4. 

 

 



 

 

 

 Table 4.4:  Phyllochron at different stages of growth  

Treatments  Phyllochron (days)  
 
 

 
                Stages    

 
     Small 

 
Large 

 
Shooting 

T0 9.47 8.40 8.87 

T1 8.73 8.33 8.67 

T2 8.47 8.00 8.93 

T3 8.27 7.20 8.33 

T4 8.73 7.27 8.13 

T5 8.67 7.67 8.33 

T6 8.27 8.00 8.53 

T7 8.13 7.20 8.80 

T8 7.13 6.60 8.07 

T9 7.53 7.40 8.33 

T10 7.87 7.07 8.33 

S. Ed.± 0.19 0.20 0.22 

CD0.05 0.40 0.41 0.45 

 

 

 

 

 

 

 

 



 

 

     

At small stage, the shortest period of phyllochron (7.13 days) was recorded in 

100 % RDF + VAM + Azospirillum + PSB + Trichoderma  harzianum (T8), 

which was significantly shorter than  rest of the treatments. It was followed by T9 

(7.53 days) and T10 (7.87 days)  respectively. However, the longest period was 

recorded in T0 (9.47 days), which was significantly longer than all other 

treatments.  

Likewise, at large stage, 100 % RDF + VAM + Azospirillum + PSB + 

Trichoderma  harzianum (T8), again recorded the shortest period (6.60 days) 

which was significantly shorter than  rest of the treatments. It was followed by 

T10 (7.07 days), T7 and T3 (7.20 days), T4 (7.27 days) and T9  (7.40 days), 

respectively. The control treatment (T0) recorded maximum days (8.40 days) 

with respect to phyllochron which was significantly higher than rest of the 

treatments except T1 (8.33 days), T2 (8.00 days) and T6 (8.00 days) with no 

significant variation. 

  At prior to shooting stage also, T8 recorded the shortest period of 

8.07 days but it was statistically at par with T4 (8.13 days), T9(8.33 days), 

T10(8.33 days), T5(8.33 days), T3(8.33 days) and T6(8.53 days). Treatment T2 

recorded the longest days for phyllochron (8.93 days) although, was statistically 

at par with T0  ( 8.87 days), T7 (8.80 days), T1 (8.67 days). 

 



 

 

 

4.1.8  Planting - shooting interval 

The effect of different treatments on days taken for shooting was found to 

be highly significant (Table 4.5). The minimum days required for shooting after 

planting was recorded in T8 (210.53 days) which differed significantly from rest 

of the treatments but observed to be at par with T9 (214.13 days), T10 (216.87 

days) and T5 (217.40 days).  The maximum days required for shooting was 

recorded in T0 (242.47 days) which was statistically at par with T1 (236.27 days). 

4.1.9  Shooting - harvesting interval 

 The data recorded on shooting-harvesting interval was observed to have 

highly significant difference among the treatments (Table 4.5). The least days to 

harvest was found in T8 (97.13 days) which was significantly lower than rest of 

the treatments except T9 (98.53 days) where shooting-harvesting interval was 

recorded at par. Treatment T0 (control) recorded the maximum days for harvest 

(120.80 days) after planting. 

4.1.10  Crop duration 

 The effect of different treatments on crop duration is depicted in table 4.5 

and the results were found to be non-significant. However, the minimum crop 

duration was recorded in T8 (307.80 days) and maximum days were recorded in 

T2 (363.27 days).  

  



 

 

  

 Table 4.5:  Days for shooting, shooting-harvesting interval and crop duration 

Treatments Planting - 

shooting interval   

(days)   

Shooting- 

harvesting interval  

(days) 

Crop duration  

   (days) 

 

T0 242.47 120.80 363.27 

T1 236.27 112.53 349.00 

T2 224.40 116.33 340.80 

T3 220.73 115.60 336.73 

T4 218.47 110.80 329.47 

T5 217.40 113.60 330.97 

T6 229.33 115.27 311.27 

T7 225.20 106.67 332.07 

T8 210.53 97.13 307.80 

T9 214.13 98.53 312.73 

T10 216.87 103.53 320.40 

S. Ed.± 3.22 1.79 - 

CD0.05 6.72 3.73 NS  

 

   

  



 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.2: Sucker production  
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4.1.11  Sucker production (suckers/plant) 

 Number of suckers produced per plant was recorded and are presented in 

Figure 4.2. Highly significant difference was observed in sucker production in 

different treatments. The highest number (8.07) of suckers produced per plant 

was recorded in T8 which was significantly higher than all other treatments 

except T9 (7.73) which was statistically at par with T8. Treatment T0 recorded the 

lowest number of suckers per plant (4.53) which was significantly lower than 

rest of the treatments.       

 4.1.12  Net assimilation rate (NAR; g m-2day-1) 

 Data presented in figure 4.3 reveals that net assimilation rate (NAR) at 

shooting stage varied significantly among the treatments. Treatment - 75% RDF 

+ VAM + Azospirillum + PSB + Trichoderma  harzianum (T9)  recorded the 

maximum value of  NAR (4.23 g m-2day-1) which was significantly higher than 

all other treatments. However, the lowest value of NAR (2.13 g m-2day-1) was 

recorded in control, (T0), which was significantly lower than rest of the 

treatments.  

4.1.13  Total biomass production 

 Different treatments had prominent effect on Total biomass production 

(table 4.6). The treatment, 100% RDF + VAM +  Azospirillum + PSB + 

Trichoderma  harzianum (T8)  recorded the maximum value of Total biomass  



 

 

 

 

 

 

 

 

 

 

Fig 4.3: Net assimilation rate (NAR)  
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            Table 4.6:  Total biomass production and harvest index 

Treatments Total biomass production Harvest Index 
 
 

T0 56.06 0.28 

T1 58.26 0.30 

T2 59.16 0.30 

T3 62.57 0.30 

T4 65.32 0.28 

T5 66.38 0.30 

T6 68.48 0.29 

T7 63.64 0.30 

T8 79.69 0.29 

T9 72.42 0.33 

T10 70.02 0.32 

S. Ed.± 4.32 - 

CD0.05 9.02 NS 

 

 

 

 

 

 

 

 

 



 

 

 

production (79.69 kg). However, variation in total biomass production between 

this treatment (T8) and treatment - 75% RDF + VAM + Azospirillum + PSB + 

Trichoderma  harzianum (T9) was not significant, although it was significant 

among the rest of the treatments. Treatment T9 correspond the total biomass 

production value of 72.42 kg. The minimum value of total biomass of 56.06 kg 

was again recorded in control (T0) and was at par with T1 (58.26 kg), T2 (59.16 

kg),T3 (62.57 kg), T7 (63.34 kg) and T4 (65.32 kg). 

4.1.14  Harvest index   

 The values of harvest index ranged from 0.28 (T0) to 0.33 (T9) as depicted 

in table 4.6. However, no significant difference in harvest index among the 

treatments was observed. In other treatments viz., T1-T5 and T7 harvest index 

value was 0.30, 0.29 in T6 and T8, and 0.32 in T10. 

4.2  YIELD ATTRIBUTING CHARACTERS AND YIELD 

4.2.1  Number of hands per bunch  

      The data regarding number of hands per bunch is presented in table 4.7. The 

number of hands per bunch was found to be highly significant due to different 

treatments. Treatment 100 % RDF + VAM + Azospirillum +PSB+ Trichoderma  

harzianum (T8) increased the number of hands per bunch (10.20) significantly 

over all other treatments. It was followed by T9 (9.67), T5 (9.40), T4 



 

 

 

 

 Table 4.7:  Yield attributing characters and yield 

Treatments No. of 

hands 

/bunch  

No. of 

fingers/hand 

No. of 

fingers/bunch 

Bunch 

weight 

(kg)  

Yield 

 (t ha-1) 

T0 7.73 15.80 117.40 13.06 40.33 

T1 8.40 17.40 128.87 17.58 54.11 

T2 8.43 17.47 124.73 18.16 55.96 

T3 8.87 17.87 132.67 18.76 56.78 

T4 9.33 17.20 138.93 19.61 60.48 

T5 9.40 17.87 140.93 19.67 60.69 

T6 8.93 19.33 139.33 19.81 61.10 

T7 9.27 19.80 151.93 19.38 59.81 

T8 10.20 22.87 187.00 24.42 75.35 

T9 9.67 20.20 176.07 22.65 69.10 

T10 8.87 19.93 167.93 20.43 63.06 

S. Ed.± 0.21 0.58 6.21 0.63 1.82 

CD0.05 0.43 1.21 12.95 1.32 3.79 

 

 

 

 

 



 

 

 

 

(9.33) and T7 (9.27) respectively, which were at par with each other. The 

lowest number of hands per bunch was recorded in T0 (7.73) which was 

significantly lower than rest of the treatments. 

4.2.2  Fingers per hand 

 Different treatments indicated highly significant difference in number of 

fingers per hand (Table 4.7). The highest  number of fingers per hand was 

recorded in T8 (22.87) which was significantly higher than rest of the treatments. 

It was followed by T9 and T10 with a value of 20.20 and 19.93, respectively. The 

lowest number of fingers per hand was recorded in T0 with finger number of 

15.80, which was significantly lower than rest of the treatments.  

4.2.3  Fingers per bunch  

Treatments with a combination of RDF, VAM, Azospirillum, PSB and 

Trichoderma harzianum increased the number of fingers per bunch significantly 

than the RDF alone or without any fertilizer (table 4.7). The highest number of 

fingers per bunch was recorded in T8 (187.00) which was significantly superior 

to all other treatments except T9 (176.07). It was followed by T10 (167.93) and T7 

(151.93), respectively. Treatment - T0 recorded the lowest value of number of 

fingers per bunch (117.40) although, statistically at par with T2 (124.73) and T1 

(128.87). 



 

 

 

4.2.4  Second hand weight  

 The variation in weight of second hand due to the various treatments was 

found to be highly significant as shown in figure 4.4. The highest weight of 

second hand was recorded all over again in T8 (3.76 kg) followed by T10 (3.35)  

and T9 (3.27), respectively, but both of these were statistically at par. Treatment 

-T0 recorded the lowest value of second hand weight (1.76 kg) which was 

significantly lower than other treatments. 

4.2.5  Bunch weight 

Data presented in table 4.7 reveals that treatment - 100 % RDF + VAM + 

Azospirillum + PSB + Trichoderma  harzianum (T8) had increase the bunch 

weight significantly over rest of the treatments by recording a maximum weight 

of 24.42 kg per bunch. It was followed by T9  and T10,  respectively with bunch 

weight of 22.65 kg and 20.43 kg, respectively. The lowest bunch weight of 13.06 

kg was recorded in control (T0) which was significantly lower than rest of the 

treatments.  

4.2.6   Yield  

 Observations pertaining to yield were found to be highly significant as 

shown in table 4.7. From the table, it is evident that the treatment T8 recorded 

significantly highest yield (75.35 t ha-1) over the treatment without any fertilizer 

and RDF with organic manure or biofertilizer alone or RDF with other 



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.4: Second hand weight  
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integrations. It was followed by T9 (69.10 t ha-1), T10 (63.06 t ha-1) and T6 (61.10 t 

ha-1),  respectively. The lowest yield of 40.33 t ha-1was recorded in control (T0) 

which was significantly lower than rest of the treatments.  

4.3  PHYSICAL CHARACTERS OF FINGER 

4.3.1  Length of finger 

Data presented in table 4.8 reveals that finger length differed significantly 

in various treatments. The maximum finger length (22.97 cm) was recorded in T8 

but it was statistically at par with T10 (22.83cm), T6 (22.67cm), T9 (22.60cm), T5 

(22.27cm), T7 (22.10cm), T4 (21.93cm) and T3 (20.27cm) suggested no significant 

variation in finger length due to these treatments. It may be concluded that 

treatments implemented during the course of the study did not have any impact 

on finger length. The shortest finger length was recorded in T1 (16.50 cm) which 

was statistically at par with T0 (18.47 cm).  

4.3.2  Circumference of finger   

       Unlike finger length, finger circumference varied significantly among the 

treatments during the course of this study (table 4.8). The significantly higher 

finger circumference (14.13 cm) was recorded in T8 compared to all treatments 

except T9 (13.83 cm) and T10 (13.80 cm) which was statistically at par. 

 



 

 

 

        

Table 4.8:  Physical parameters of fingers   

Treatments  

 

Physical parameters   

 

 Length of 

finger (cm) 

Circumference 

of finger 

 (cm) 

Volume of 

finger  

(cc) 

Weight  of 

finger 

  (g) 

T0 18.47 10.37 122.63 138.10 

T1 16.50 11.40 156.48 150.13 

T2 20.13 11.50 164.47 167.33 

T3 20.27 12.27 190.57 166.73 

T4 21.93 12.60 214.91 177.35 

T5 22.27 12.73 222.81 182.68 

T6 22.67 13.50 254.85 199.22 

T7 22.10 13.37 243.82 205.63 

T8 22.97 14.13 282.98 231.67 

T9 22.60 13.83 267.14 213.15 

T10 22.83 13.80 268.23 216.33 

S. Ed.± 1.33 0.21 7.49 5.42 

CD0.05 2.78 0.44 15.62 11.31 

 

 

 

 

 



 

 

 

 

finger circumference was observed in control (T0) with a value of 10.37 cm. 

which was significantly lower than rest of the treatments.    

4.3.3  Volume of finger (cc) 

 Data on volume of finger showed a highly significant difference due to 

application of various sources of nutrients either singly or in combinations (table 

4.8). The highest volume of finger of 282.98 cc was recorded in treatment - T8 

which was significantly higher than all other treatments except T10 (268.23 cc) 

and T9 (267.14 cc). The lowest volume of finger was recorded in T0 (122.63 cc) 

which was significantly lower than rest of the treatments. 

4.3.4  Weight of finger (g) 

  Data on finger weight reveals that treatment - 100% RDF + VAM + 

Azospirillum + PSB + Trichoderma harzianum (T8) also increased the finger 

weight significantly over rest of the treatments by recording a finger weight of 

231.67 g which was significantly higher than all other treatments (table 4.8). It 

was followed by treatments - T10 (216.33 g), T9 (213.15 g) and T7 (205.63 g). The 

weight of finger was significantly lowest in control (T0) treatment with a value of 

138.10 g as compared to rest of the treatments. 

 



 

 

 

 

 

 

 

 

 

 

 

Fig 4.5: Pulp: peel ratio  
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4.3.5  Pulp: peel ratio 

Figure 4.5 reveals that a highly significant difference in pulp: peel ratio 

was exhibited among the treatments. The highest pulp: peel ratio was recorded in 

T8 (3.52) which was significantly higher than all other treatments. Treatments - 

T10 and T9 immediately followed it with a value of 3.20 and 3.06, respectively. 

Significantly lowest pulp : peel ratio was exhibited in control (T0) with a ratio of 

1.91. 

4.4   QUALITY PARAMETERS OF FRUITS 

4.4.1  Moisture content 

 Data on moisture content of fruits are presented in table 4.9.  A perusal of 

data indicated highly significant variation in moisture content of fruits among the 

treatments. The lowest moisture content was recorded in T8 (70.91%), followed 

by T9 (72.59%), T7 (72.87%), T4 (73.12%), T10 (73.35%), T2 (73.86%) and T6 

(74.12 %) without significant variation. The highest moisture content was 

recorded in T0 (82.28%) which was significantly higher than rest of the 

treatments. 

4.4.2  Titrable acidity      

 Among all the treatments, T8 (0.25%) and T3 (0.25%) recorded the lowest acidity 

which was statistically at par with T10 (0.26%), T9 (0.26%) and T6(0 .26%).



 

 

Table 4.9:  Chemical composition of fruit  

Treatments Moisture (%) Titrable 
acidity (%) 

Ascorbic acid  
(mg/100 g) 

TSS 
(%) 

Reducing sugar 
(%) 

 

Total sugar 
(%) 

Non reducing 
sugar (%) 

T0 82.28 0.30 5.59 17.82 8.20 16.87 8.27 

T1 77.62 0.29 6.36 19.68 8.30 17.23 8.93 

T2 73.86 0.30 7.50 19.43 8.08 17.20 8.45 

T3 74.67 0.25 8.28 19.78 8.20 17.48 9.28 

T4 73.12 0.28 8.33 20.59 8.19 17.77 9.58 

T5 74.62 0.28 7.33 21.38 8.44 17.77 9.33 

T6 74.12 0.26 8.58 20.62 8.57 18.11 9.54 

T7 72.87 0.27 7.45 19.63 9.06 18.33 9.27 

T8 70.91 0.25 10.03 22.64 9.33 18.75 9.43 

T9 72.59 0.26 8.48 20.51 8.88 18.39 9.51 

T10 73.35 0.26 9.27 21.60 8.81 18.31 9.50 

S. Ed.± 1.41 0.01 0.53 0.37 0.18 0.19 0.24 

CD0.05 2.94 0.01 1.10 0.76 0.38 0.40 0.50 



 

 

 

The highest titrable acidity of 0.30 per cent was recorded in T0 and T2 which 

was significantly lower than rest of the treatments except T1 (0.29%) (table 4.9).  

In general, there was significant variation in acidity of the fruits due to 

application of different sources of nutrients either singly or in combination. 

4.4.3  Ascorbic acid  

 A significant influence of treatments on ascorbic acid content of fruits 

was observed (Table 4.9). Among the treatments, highest ascorbic acid content 

was found under T8 (10.03 mg/100g) followed by T10 (9.27 mg/100 g). But 

both of these were found statistically at par. These two treatments were 

followed by T6 (8.58 mg/100g), T9 (8.48 mg/100g), T4 (8.33 mg/100g) and T3 

(8.28 mg/100g) without significant variation. The lowest ascorbic acid content 

was recorded in T0 (5.59 mg/100 g) which was significantly lower than all other 

treatments except T1 (6.36 mg/100g). 

4.4.4  Total soluble solids (TSS) 

 Analytical data on TSS content of fruit are furnished in table 4.9. 

Comparison of data on this parameter revealed that combination of different 

organic and inorganic supplements significantly increased the TSS of fruits 

over control (without any fertilizer). The highest TSS was recorded in T8 

(22.64 %) which was significantly higher than rest of the treatments except  T10  



 

 

 

 

 

 

 

Fig 4.6: Sugar: acid ratio  
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(21.60%).It was followed by T5 (21.38%), T6(20.62%) and T4(20.59%). The 

lowest TSS was recorded in T0 (17.82 %) which was significantly lower than 

rest of the treatments.  

4.4.5  Reducing sugar (%) 

 Data presented in table 4.9 indicated highly significant variation in 

reducing sugar content of fruits due to different treatments. From the table, it is 

evident that the highest reducing sugar content of fruits was recorded in T8 

(9.33%) which was significantly superior to all the treatments except T7 (9.06 

%). These two were followed by T9 (8.88%) and T10 (8.81%). The lowest 

reducing sugar was recorded in T2 (8.08%), although found statistically at par 

with treatments T4 (8.19%), T3 (8.20%), T0 (8.20%), T1 (8.30%) and T5 (8.44%).  

4.4.6  Total sugar (%) 

 As evident from the data (table 4.9), the highest value of total sugar was 

recorded in T8    (18.75%) which was significantly higher than all other 

treatments except T9 (18.39%). These two were followed by treatments T7 

(18.33%), T10 (18.31%) and T6 (18.11%). The lowest total sugar was recorded 

in T0 (16.87%) which was significantly lower than all other treatments except 

T2 (17.20%) and T1 (17.23%). 

 



 

 

 

4.4.7  Non reducing sugar (%) 

  The highest non-reducing sugar was recorded in T4 with a value of 9.58 

per cent but it was found statistically at par with T6 (9.54%), T9 (9.51%), T10 

(9.50%), T8 (9.43%), T5 (9.33%), T3 (9.28%) and T7 (9.27%) as shown in table 

4.9. The lowest non reducing sugar was recorded in T0 (8.27%) but it was 

statistically at par with T2 (8.45%).  

  4.4.8  Sugar : acid ratio 

 The highest value of sugar : acid ratio  amounting 76.10 was recorded in 

the treatment - 100% RDF + VAM + Azospirillum + PSB + Trichoderma  

harzianum (T8) which was significantly higher than all other treatments (figure 

4.6). It was followed by treatments T10 (71.16), T9 (70.78), T6 (69.36) and T3 

(69.35).  The significantly lowest ratio of sugar to acid was recorded in T0 

(56.03) and it was found statistically at par with T2 (58.07) and T1 (58.77). 

4.5  BIOCHEMICAL ANALYSIS OF LEAF  

4.5.1  Leaf  nitrogen (%) 

  Data presented in table 4.10 reveals that different sources of nutrients in 

combination had significant effect on leaf nitrogen content as compared to the 

control. At large stage, the highest leaf nitrogen (2.87%) was recorded in 



 

 

Table 4.10:   Leaf nutrient concentration at different stages of growth 

 N (%) P2O5 (%) K2O (%) 
    Stages Large Shooting Harvesting Large Shooting Harvesting Large Shooting Harvesting 

 
T0 2.32 2.16 1.37 0.48 0.38 0.26 2.85 2.75 1.35 

T1 2.55 2.23 1.41 0.55 0.42 0.23 3.19 2.83 1.46 

T2 2.66 2.33 1.41 0.54 0.47 0.28 3.24 2.89 1.57 

T3 2.75 2.44 1.44 0.53 0.40 0.27 3.47 3.23 2.23 

T4 2.75 2.36 1.42 0.55 0.43 0.24 3.26 3.29 2.20 

T5 2.45 2.25 1.47 0.54 0.50 0.28 3.38 3.25 2.35 

T6 2.54 2.25 1.36 0.54 0.42 0.30 3.58 3.29 2.41 

T7 2.59 2.38 1.44 0.58 0.48 0.29 3.39 3.42 2.26 

T8 2.87 2.81 2.06 0.66 0.57 0.33 3.71 3.51 2.50 

T9 2.80 2.50 1.56 0.60 0.51 0.26 3.44 3.38 2.44 

T10 2.80 2.68 1.86 0.58 0.53 0.27 3.52 3.43 2.43 

S. Ed.± 0.03 0.03 0.03 0.02 0.04 0.02 0.05 0.04 0.03 

CD0.05 0.07 0.07 0.06 0.04 0.07 0.05 0.11 0.08 0.06 



 

 

 

Treatment - 100% RDF + VAM + Azospirillum + PSB + Trichoderma  

harzianum (T8) which was significantly higher than all other treatments except 

T9 (2.80%) and T10 (2.80%). It was followed by T3 (2.73%) and T4 (2.73%). 

The lowest leaf nitrogen recorded under the treatment control (2.32%) which 

was significantly lower than all other treatments. 

 Similar trend as large stage was followed at shooting stage. Treatment - 

T8 recorded the maximum leaf nitrogen (2.81%) which was significantly higher 

than all other treatments. It was followed by T10 (2.68%).  The lowest leaf 

nitrogen content was recorded in control (T0) with a value of 2.16% which was 

significantly lower than rest of the treatments.   

 Similarly, at harvest stage, the highest leaf nitrogen (2.06%) was 

recorded under the treatment - 100 % RDF + VAM + Azospirillum + PSB + 

Trichoderma  harzianum (T8) which differed significantly from rest of the  

treatments. Treatment- T10 (1.86%) immediately followed it. Among all the 

treatments, control (T0) recorded the lowest leaf nitrogen content (1.36 %) at 

this stage but it was statistically at par with T0 (1.37%), T1 (1.41%), T2 (1.41%) 

and T4 (1.42%).  

 The noticeable observation was that the leaf nitrogen content showed 

decreasing trend from large stage – shoot stage - harvest stage. 

 



 

 

 

4.5.2  Leaf phosphorus (%) 

 Under different sources of nutrients in different combination, leaf 

phosphorus content was increased as compared to control at shooting, large as 

well as at harvest stage.  

 Data pertaining to leaf phosphorus are presented in table 4.10. At large 

stage, the highest leaf phosphorus was recorded under treatment - T8 (0.66%) 

which was significantly higher than all other treatments. It was followed by T9 

(0.60%), T10 (0.58%) and T7 (0.58%). Significantly lowest leaf phosphorus was 

recorded under control (T0) with a phosphorus content of 0.48% which was 

significantly lower than rest of the treatments.  

At shooting stage, the leaf phosphorus content also varied significantly 

due to different sources of nutrients. The highest concentration of 0.57 per cent 

was recorded again under treatment - 100% RDF + VAM + Azospirillum + 

PSB + Trichoderma  harzianum (T8) which differed significantly from rest of 

the  treatments except T10 ( 0.53%), T8 (0.51%) and T5 (0.50%). Among all the 

treatments, control (T0) recorded the lowest value of leaf phosphorus (0.38%) 

but it was statistically at par with T3 (0.40%), T1 (0.42%), T6 (0.42 %) and T4 

(0.43%).  

         Leaf phosphorus at harvest stage also displayed the variation among the 

treatments. Treatment - 100% RDF + VAM + Azospirillum + PSB +    



 

 

 

 Trichoderma harzianum (T8) recorded the significantly highest leaf 

phosphorus content (0.33%) at this stage which was followed by T6 (0.30%), T7 

(0.29%), T5 (0.29%) and T2 (0.29%) without significant vadiation.  At this 

stage, T1 recorded the lowest leaf phosphorus content (0.23%) but it was 

statistically at par with T4 (0.24%), T0 (0.26%), T9 (0.26%), T10 (0.27%), T3 

(0.27%). 

 4.5.3  Leaf potassium (%) 

  At large stage, the highest concentration of potassium (3.71%) 

was recorded under 100% RDF + VAM + Azospirillum + PSB + Trichoderma  

harzianum (T8) which was significantly different than rest of the treatments and 

it was followed by T6 (3.58%), T10 (3.52%) and T3 (3.47%), respectively (table 

4.10). The lowest potassium concentration at this stage was recorded in T0 

(2.85%) which was significantly lower than rest of the treatments. 

 At shooting stage, treatment - 100% RDF + VAM + Azospirillum + PSB 

+ Trichoderma  harzianum (T8) dominated over the other treatments 

significantly with a potassium content of 3.51 per cent but was statistically at 

par with the treatments T10 (3.43%). At this stage, treatment - control i.e. 

without any fertilizer (T0) recorded the lowest potassium content with a value 

of 2.75 per cent which was significantly lower than rest of the treatments.   

  



 

 

    The potassium content at harvest stage also showed the similar trend as 

observed from the table 4.10. The significantly highest leaf potassium content 

(2.50 %) at this stage was recorded under 100% RDF + VAM + Azospirillum + 

PSB + Trichoderma  harzianum (T8) but was statistically at par with T9 

(2.44%). Among all the treatments, control (T0) recorded the  lowest leaf 

potassium value (1.35%) which was significantly lower than rest of the 

treatments. Overall, leaf potassium showed a decreasing trend from large stage 

to harvest stage.  

4.5.4  Leaf relative water content (RWC; %)  

 Data pertaining to Leaf RWC at shooting stage (Figure 4.7) reveals that 

there was highly significant difference among the treatments. It is evident from 

the figure that like previous parameters the combination of organic manure, 

biofertilizer and chemical fertilizer also dominated over the control in Leaf 

RWC at large, shooting and harvesting stages. 

 At large stage, among the treatments, 100 % RDF + VAM + 

Azospirillum + PSB + Trichoderma  harzianum (T8) recorded the maximum 

value of Leaf RWC (94.26%), which was found statistically significant than all 

other treatments. It was followed by T9 (91.82%) and T10 (91.13%) with 

statistically at par value. The lowest Leaf RWC was recorded in T0 (82.13%)  

  



 

 

 

 

 

 

 

 

 

 

Fig 4.7: Leaf Relative Water Content (RWC)  
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and it was statistically at par with T3 (84.64%), T2 (84.68%), T4 (84.95%) and 

T5 (85.83%). However, with rest of the treatment it showed significant 

variation. 

 At shooting stage, highest Leaf RWC yet again was recorded in T8 

(93.15%) followed by T10 (90.04%) and T9 (89.56%) without significant 

variation. The lowest Leaf RWC at this stage was recorded in control (T0) with 

a value of 81.53 per cent which was significantly lower than some of the 

treatments excluding T2 (82.14%), T1 (83.27%), T4 (83.27%), T3 (83.69%) and 

T5 (83.90%). 

 The Leaf RWC at harvest stage also followed the similar trend as that of 

large and shooting stage. Among all the treatments, 100% RDF + VAM + 

Azospirillum + PSB + Trichoderma  harzianum (T8) recorded the maximum 

value (87.77%) of Leaf WRC, which was statistically at par with T9 

(85.38%),T10 (84.96%) and T6 (84.22%). Among all the treatments, the lowest 

Leaf RWC was recorded at this stage in T0 (78.42%) and it was statistically at 

par with T2 (79.18%), T3 (79.82%), T4 (80.92%) and T1 (81.82%). 

4.6  SOIL HEALTH AFTER HARVESTING 

4.6.1  Soil pH 

 Data pertaining to soil pH after harvesting (table 4.11) reveals 

noticeable differences among the treatments in the tune of 4.69 to 5.52.The 

highest soil pH was observed in case of T8 but it was statistically at par with T9  



 

 

 

 (5.50), T5 (5.31), T10 (5.28),T6 (5.26), T7 (5.24), T4 (5.19) and T3 (5.12). Among 

all treatments, T2 recorded the lowest pH of 4.69 which was significantly lower 

than most of the treatments except treatments - T1 (4.79), T0 (4.85) and T3 

(5.12). 

 4.6.2  Organic carbon (%) 

 The data on soil organic carbon content are presented in figure 4.8. It is 

evident from the figure that, the organic carbon content of the soils was 

significantly influenced by the treatments even after harvesting. Among all the 

treatments, soils under T8 treatment exhibited highest organic carbon content 

(0.85%) which was significantly higher than all other treatments. It was 

followed by T3 (0.78%), T10 (0.77%), T7 (0.76%), T5 (0.75%), T6 (0.75%) and 

T2 (0.75%).The lowest organic carbon content was recorded under T0 (0.63%) 

which was significantly lower than all other treatments. 

4.6.3  Available nitrogen (kg ha-1) 

 Available nitrogen content at harvest stage reveals that there was a 

significant difference among the treatments (table 4.11). The highest soil 

available nitrogen of 296.64 kg ha-1 was recorded in the treatment - 100% RDF 

+ VAM + Azospirillum + PSB + Trichoderma  harzianum (T8) which 

significantly differed from rest of the treatments. It was followed by T10 

(289.05 kg ha-1), T3 (285.33 kg ha-1), T7 (285.38 kg ha-1), T9 (284.88 kg ha-1),  



 

 

 

 

 

 

 

Fig 4.8: Organic carbon (%) of the soil after harvest 
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  Table 4.11:  Soil health parameters and nutrient status after harvest. 

Treatments Soil pH Available N 

(kg ha-1 )  

Available 

P2O5 

(kg ha-1 ) 

Available 

K2O 

(kg ha-1 ) 

T0 4.85 275.32 24.74 114.30 

T1 4.79 282.30 26.52 168.01 

T2 4.69 284.65 28.67 159.34 

T3 5.12 285.38 30.27 185.75 

T4 5.19 281.12 32.86 222.75 

T5 5.31 283.17 33.15 213.23 

T6 5.26 284.45 31.53 201.52 

T7 5.24 285.33 34.36 205.66 

T8 5.52 296.64 37.33 223.21 

T9 5.50 284.88 33.65 217.71 

T10 5.28 289.05 35.12 214.00 

        S. Ed.± 0.21 3.62 0.65 7.86 

CD 0.05 0.43 7.54 1.36 16.40 

 

 

 

 

 

 



 

 

 

T2 (284.65 kg ha-1), T6 (284.45 kg ha-1), T5 (283.17 kg ha-1), T1 (282.30 kg ha-1) 

and T4 (281.12 kg ha-1). The lowest available N was recorded in T0 (275.32 kg 

ha-1).  

4.6.4  Available P2O5  (kg ha-1) 

 Treatments consisting of inorganic fertilizer, FYM, Azospirillum, PSB, 

VAM and Trichoderma  harzianum increased the soil P2O5 over without any 

fertilizer and inorganic fertilizers alone (table 4.11). The highest soil P2O5 

(37.33 kg ha-1) was recorded under 100% RDF + VAM + Azospirillum + PSB 

+ Trichoderma  harzianum (T8) which significantly differed from rest of the 

treatments. It was followed by T10 (35.12 kg ha-1) and T7 (34.36 kg ha-1). 

Among all the treatments, the lowest available soil P2O5 was recorded in T0 

(24.74 kg ha-1) which was significantly lower than rest of the treatments.   

4.6.5  Available K2O (kg ha-1) 

 A perusal of data reveals that (table 4.11) there had been significant 

influence of treatments on soil available K2O. Among the treatments, highest 

soil available K2O was found under T8 (223.21 kg ha-1) and it was statistically 

at par with T4 (222.75 kg ha-1), T9 (217.71 kg ha-1), T10 (214.00 kg ha-1) and T5 

(213.23 kg ha-1). The significantly lowest soil available K2O was recorded in T0 

(114.30 kg ha-1) as compared to all other treatments. 

 



 

 

Table 4.12: Comparative yield potentiality of different treatments and Economics of cultivation 

Treatments Yield (t ha-1) Percentage Yield 

increase  over 

control 

Gross 

expenditure (Rs) 

Gross income 

(Rs) 

Net income (Rs) C: B ratio 

T0 40.33 - 191162.10 744745.80  553583.70 2.89 

T1 54.11 34.17 239175.12 978290.00 739114.88 3.09 

T2 55.96 38.75 265668.43 1018388.00 752719.57 2.83 

T3 56.78 40.79 245408.84 1034699.80    789290.96 3.21 

T4 60.48 49.96 245408.84 1106864.20 861455.36 3.51 

T5 60.69 50.48 245408.84 1111865.80 866456.96 3.53 

T6 61.10 51.50 245408.84 1124187.80 878778.96 3.58 

T7 59.81 48.30 257876.28 1100826.00      842949.72 3.26 

T8 75.35 86.83 264110.00 1379290.20   1115180.20 4.22 

T9 69.10 71.34 252675.01 1275047.80  1022372.79 4.05 

T10 
63.06 56.36 241240.03 

 
1168092.00   926851.97 

 
3.84 



 

 

 

4.7  ECONOMICS OF CULTIVATION  

The economics under various treatments are worked out and presented in table 

4. 12. From the data presented in the table, it is revealed that the highest cost of 

cultivation of Rs 2,64,110.00 ha-1 was incurred  in T8 (100% RDF + VAM +  

Azospirillum  + PSB + Trichoderma  harzianum ) as against the lowest of  Rs 

1,91,162.10 ha-1 in control (T0) with the yield of 75.35 t ha-1 and 40.33 t ha-1, 

respectively. Treatment - T8 recorded an increased yield of 86.83 % over control 

as against the lowest increase of 34.17% in T1 (100% RDF). The highest net 

income of Rs. 11,15,180.20 ha-1 was obtained with 100% RDF + VAM +  

Azospirillum  + PSB + Trichoderma  harzianum (T8) followed by Rs. 

10,22,372.79 ha-1 under 75 % RDF + VAM +  Azospirillum  + PSB + 

Trichoderma  harzianum (T9). The lowest net income of Rs 5,53,583.70 was 

recorded in control ( T0). 

In spite of maximum cost of cultivation, the highest benefit-cost ratio of 

1: 4.22  was  again recorded in 100% RDF + VAM +  Azospirillum  + PSB + 

Trichoderma  harzianum (T8) followed by 1: 4.05 in 75 % RDF + VAM +  

Azospirillum  + PSB + Trichoderma  harzianum (T9) as compared to the lowest 

of 1:2.83 in 100 % recommended dose of NPK + Vermicompost  (T2). 

 

  



 

 

 

Table 4. 13:  Correlation Coefficient values of growth and yield attributing characters on yield 

 Pseudostem 

height 

Pseudostem 

girth 

Sucker 

Production 

NAR Total Biomass 

Production 

Harvest Index Yield 

 

Pseudostem height  1.000 0.865** 0.924** 0.720** 0.851** 0.436* 0.950** 

Pseudostem girth   1.000 0.895** 0.814** 0.860** 0.473* 0.927** 

Sucker Production   1.000 0.896** 0.958 0.519** 0.972** 

NAR    1.000 0.828** 0.717** 0.811** 

Total Biomass Production      1.000 0.332* 0.928** 

Harvest Index      1.000 0.467* 

Yield        1.000 



 

 

 

4.8  CORRELATION STUDIES   

Table 4.13, 4.14 and 4.15 revealed the correlation among the growth 

parameters, morphological and biochemical composition of leaf and different 

yield attributing characters with yield.  

The estimates for correlation co-efficient for 7 different characters viz., 

pseudostem height, pseudostem girth, sucker production, NAR, total biomass 

production, harvest index and yield in all possible combination are presented in 

Table 4.13. All the growth and yield attributing characters were shown 

significant to highly significant positive correlation with yield. Highly 

significant positive association with yield was shown by sucker production  (r 

= 0.972**), pseudostem height (r = 0.950**), total biomass production (r = 

0.928**), pseudostem girth (r = 0.927**) and NAR (r = 0.811**). Association 

of harvest index (r = 0.467*) with yield was also significantly positive.  

Data presented in Table 4.14 revealed that the yield was positively 

correlated with morphological characters and biochemical compositions of leaf 

considered under the study at shooting stage. The total leaves/plant (r = 

0.929**), leaf area index(r = 0.854**), leaf area(r = 0.852**), leaf K2O(r = 

0.843**),  leaf P2O5(r = 0.819**),  leaf N(r = 0.778**) and  no. of functional 

Leaves (r = 0.738**)  were positively correlated with yield and effect was  

  



 

 

Table 4. 14:  Correlation Coefficient values of morphological characters and biochemical composition of leaf on yield 
 
 No. of 

Functional 

Leaves 

Total 

leaves/plant 

Leaf 

Area 

Leaf Area 

Index 

Phyllochron Leaf  

N 

Leaf 

P2O5 

Leaf 

K2O 

Yield 

No. of Functional Leaves 1.000 0.648** 0.831** 0.821** -0.257 0.605** 0.859** 0.461* 0.738** 

Total leaves/plant  1.000 0.880** 0.880** -0.580 0.868** 0.770** 0.849** 0.929** 

Leaf Area    1.000 0.996** -0.341 0.788** 0.828** 0.639** 0.852** 

Leaf Area Index    1.000 -0.371 0.809** 0.817** 0.652** 0.854** 

Phyllochron     1.000 -0.621 -0.452 -0.701 -0.709 

Leaf N      1.000 0.788** 0.719** 0.778** 

Leaf P2O5       1.000 0.673** 0.819** 

Leaf K2O        1.000 0.843** 

Yield                  1.000 



   

Table 4. 15: Correlation coefficient values of yield attributing characters on yield. 

 Hands 

/Bunch  

Fingers 

/Hand 

Fingers 

/bunch 

Second Hand 

Weight 

Bunch  

Weight  

Finger   

Weight 

Yield  

Hands /Bunch  1.000 0.801** 0.828** 0.862** 0.934** 0.827** 0.935** 

Fingers/Hand  1.000 0.927** 0.940** 0.885** 0.937** 0.890** 

Fingers/bunch   1.000 0.974** 0.887** 0.929** 0.890** 

Second Hand Weight    1.000 0.929** 0.968** 0.935** 

Bunch Weight      1.000 0.892** 0.999** 

Finger  Weight      1.000 0.899** 

Yield (t/ha)       1.000 

 



   

 

 found to be highly significant for all the parameters while, the effect in relation to 

phyllochron (r=-0.709) was not significant. 

The yield was positively correlated with different physical parameters of fingers, 

hands and bunch viz. hands per bunch, fingers per hand, fingers per bunch, second hand 

weight, bunch weight and finger weight considered under the study. The estimates for 

correlation coefficient for all these characters in all possible combination are presented in 

Table 4.15. All the physical parameters of finger, hands and bunch were shown highly 

significant positive correlation with yield. Bunch weight(r = 0.999**), hands per bunch(r 

= 0.935**), second hand weight(r = 0.935**), finger weight(r = 0.899**), fingers per 

hand (r = 0.890**) and fingers per bunch (r = 0.890**) were positively correlated with 

yield and effect was found to be highly significant for all the parameters.  

 

 

 

 

 

 

 

 

 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter V:  DISCUSSION  



   

Chapter  V 

Discussion 

…….…………………………………………………………………………………… 

 Food security, nutritional security, sustainability and profitability are the main 

focus of present and future agriculture development. In India, the improvement of crop 

production is constrained not only by limited supply of inputs but also by the low and 

declining productivity. While the use of mineral fertilizers is the quickest and surest way 

of boosting crop production, their cost and other constraints frequently deter farmers 

from using them in recommended quantities and balanced proportions. As a consequence 

of this, there seems to be no options but to fully exploit the potential alternative sources 

of plant nutrients along with inorganic fertilizers, which are of great importance for the 

maintenance of soil productivity and to impart long term sustainability in addition to 

lessening the need for chemical fertilizers. It has, therefore, become imperative to turn to 

more eco-friendly method of fertilizer management by adopting organic and biological 

sources of nutrients. 

 Nutrition is the most important factor affecting growth, yield and quality of a crop 

like banana which is a heavy feeder of nutrients. Banana nutrition research originally 

focused on fertilizer dosages needed for the different nutrients to produce optimal 

growth. But continuous use of inorganic sources of nutrients has adverse affects on soil 

have made it necessary to think for integration of different sources of nutrients with 



   

alternate sources using natural and renewable biological resources not only for increased 

production but also to sustain soil health (Romero, 1998). This improvement leads to 

more rational use of fertilizers which in turn, reduced fertilizer dosages and also 

decreased risk of polluting the environment (Lopez, 1998).  

 Currently global interest sparked off tremendously towards renewable resources to 

supplement fertilizer budget in banana and organic alternatives have been proven 

effective by countless authors in many countries (Swennen, 1990; Bananuka and 

Rubalhayo, 1994). In the recent past, the effect of Azotobacter in relation to nitrogen 

economy on banana has systematically been studied elsewhere (Ruiz et al., 1992; Dibut 

Alveraz et al., 1995). 

 The commercial banana plantations in India are still more or less adhered to 

generalized concept of fertilizer management. Such situations are obviously, not 

conducive for harnessing the yield potential of banana. Again, the resources vis-a-vis 

poor farmers in the state like Mizoram albeit well versed with the practice of using 

organic manures in banana. However, they often deprive of exploiting desired yield due 

to lack of concrete package of practices for quantifying the organic sources to substitute 

inorganic sources of nutrients. 

 Therefore, the present study was undertaken to study the effect of combined 

application of organic, inorganic and biological sources of nutrients in banana. The 



   

salient findings obtained during the investigation are discussed here under the following 

heads.  

5.1  PLANT GROWTH CHARACTERS 

 Growth characters like pseudostem height and girth, number of leaves, leaf area, 

leaf area index, phyllochron were significantly influenced by integrated use of organic, 

inorganic and biofertilizers during the course of the study in banana cv. Grand Naine in 

Mizoram conditions.  

The present investigation indicated that integrated use of organic, inorganic and 

biofertilizers significantly induce the vegetative growth at a faster rate in respect of 

height and girth of pseudostem. The highest pseudostem height and girth were recorded 

in the treatment with integration of 100 % RDF with VAM, Azospirillum, PSB and 

Trichoderma  harzianum. The increase in plant height and girth may be due to 

improvement of physical properties of soil, increased activity of microorganisms and 

higher nutrient uptake which were manifested in the form of enhanced growth and higher 

carbohydrate production as explained by Prasad and Singh (1980), Acharya et al. (1988) 

and Hussain et al. (1988). The increased vegetative growth may be attributed due to the 

increased biological nitrogen fixation, better organic nitrogen utilization, better 

development of root system and the possible synthesis of plant growth regulators like 

IAA, GA and cytokinins (Martinez et al.,1997, Singh and Singh, 2009. Awasthi et al. 

(1998) reported that increase in plant growth may be related to general role of  



   

 

biofertilizers in stimulating nutrient uptake especially nitrogen which has role in the 

assimilation of numerous amino acids that are subsequently incorporated in proteins and 

nucleic acid, which provides framework for chloroplast, mitochondria and other structure 

in which the most of the biochemical reactions occur.  These effects might also be due to 

production of phytohormones by Azospirillum near roots and in turn influencing 

assimilation of nutrients (Summer, 1990). The increase in plant height and girth may also 

be on account of direct role of Azospirillum   on nitrogen fixation, higher metabolic 

activities. Because of optimum nitrogen supply and phytohormones which were 

manifested in the form of enhanced growth and higher carbohydrate production as 

explained by Dhanapal et al. (1978) and Govindam and Purushothaman (1984). 

Available NPK status, organic C and microbial biomass and dehydrogenase activity 

increased due to application of inorganic fertilizers and biofertilizers along with organic 

fertilizers in banana and hence they help in increasing height and girth of the plant. 

Similar findings were also reported by Tiwari et al.(1998) and Gogoi et al.(2004) that 

inoculation of biofertilizers along with inorganic fertilizers promote growth of banana 

crop. Increase in height and girth of pseudostem due to application of FYM and 

vermicompost by fractioning of inorganic fertilizer is also well documented elsewhere 

(Chundawat et al., 1983; Roy and Yadav, 1996). Bhalerao et al. (2009) also observed 

similar trend in plant height and girth in Banana cv. Grand Naine by using INM.  

 



   

Leaf is the main site of photosynthetic activity and hence the estimation of leaf 

area is very important in the growth analysis of crop plants. Leaf area is an important 

index of vigour that influences the consequent yielding capacity of the plant. Integrated 

application of biofertilizers and bioagents alongwith 100% inorganic fertilizers and 

organic manures have considerably increased the leaf area and leaf area index at all the 

stages of growth.  It can be attributed to the fact that the increased in the nutrient levels of 

NPK especially nitrogen enhanced the vegetative growth and simultaneously also 

increase the leaf area (Venkatesan et al., 1965). Similar findings also reported by Gogoi 

et al. (2004) and Ansari (2006) in Banana. Both the leaf area and leaf area index showed 

an increasing trend up to shooting and then it was decreased due to senescence of leaves. 

Simmonds (1966) viewed that leaves attained maximum size towards flowering and then 

sharp decline at the end. Tiwari et al. (1998) and Jeeva et al. (1988) also reported similar 

findings. Banana growth is largely a function of number of functional leaves (Simmonds, 

1966). Any circumstance which decreased the number of functional leaves is liable to 

have adverse effect on bunch formation and its development to maturity (Wardlaw, 

1972). The number of leaf and leaf longevity has profound influence on fruiting of 

banana (Turner and Bull, 1970). The number of functional leaves and total leaves were 

influenced significantly by integrated use of biofertilizers along with organic and 

inorganic fertilizers. Similar results were also reported by Hasan et al. (2001), Ansari 

(2006) in banana and Mahmoud and Mahmoud (1999) in peach. 

 



   

 

Combined application of organic, inorganic and biofertilizers also accelerated 

maturity and shooting-harvesting interval in banana. The shortest crop duration was 

observed under the treatment with 100 per cent RDF + VAM + Azospirillum  + PSB + 

Trichoderma  harzianum, which might be due to the higher net assimilation rate on 

account of better vegetative growth leading to the production of endogenous metabolites 

earlier in optimum level enabling early flower bud initiation and thereby early shooting. 

The earliness in flowering was attributed to simultaneous transport of growth substances 

like cytokinin to the auxillary buds and breaks the apical dominance. This resulted in a 

better sink for transportation from vegetative to reproductive phase Earlier, similar 

interpretation was given by Preethi et al. (1999), Fernandez et al. (1998), Roy and Yadav 

(1996), Smith (1998), Sharma (2002) and Ansari (2006) in banana. Our findings are in 

closed conformity with the findings of Bhalerao et al. (2009) in Grand Naine banana.  

The leaf emergence rate serves as a good index of the vegetative growth rate of 

banana plant (Turner, 1981). This index is of extreme importance in banana production 

since it can indicate the period, during which neglect of anyone or more of the cultural 

practices would reduce the plant growth and eventually the bunch weight (Bhattacharyya 

and Madhava Rao, 1989). The variation in phyllochron may be due to several attributes, 

including nutritional status in plant as reported by Murray (1960) in banana. In the 

present investigation, the lowest days was recorded by applying an integration of 100 per 

cent RDF + VAM + Azospirillum + PSB + Trichoderma  harzianum. This was in the tune  



   

 

with the findings of Steer and Hocking (1983) who reported that adequate nitrogen 

supply increased the rate of production of newer leaves. This finding is also in 

conformity with Singh et al. (1979), Kumar and Shanmugavelu (1980), El-Naby (2000). 

The highest value of phyllochron resulting in delayed leaf emergence in control was 

obviously due to poor nutrient condition under the treatment.  

5.2  YIELD AND YIELD ATTRIBUTING CHARACTERS 

  The yield and yield attributing characters were also significantly influenced by 

integrated use of different sources of nutrients. The yield and yield attributing characters 

mainly depend on the growth character of the plant. The leaf growth characteristics 

decide the duration of the crop and also the grade of the bunch in regards to their size and 

weight which finally results in production potentialities. Greater accumulation of dry 

matter conferred greater ability to give higher yield. The highest bunch weight, number 

of hands per bunch and yield were recorded in treatment 100 per cent RDF + VAM + 

Azospirillum  + PSB + Trichoderma  harzianum. This was due to vigorous plant growth 

characters. In this treatment, increased number of leaves might have increased the 

photosynthetic activity resulting in higher accumulation of carbohydrates. Relatively 

higher amount of carbohydrate could have promoted the growth rate and in turn increased 

the bunch weight. The increased yield might also be due to more absorption and  

 



   

utilization of nutrients due to integrated use of organic and inorganic fertilizers along 

with biofertilizers. Similar increase in yield was also reported by Kumar and 

Shanmugavelu (1988), Jeeva et al. (1988), Tiwari et al.(1998), Chezhiyan et al. (1999)  

and Ansari (2006) in banana. 

 The increase in bunch weight was also found to be associated with corresponding 

increase in number of hands per bunch and number of fingers. The increase in number of 

hands and fingers per bunch might be attributed to the fact that in case of banana, all the 

embryonic flowers are hermaphrodite and the transformation of femaleness or maleness 

of flowers depends on the availability of nutrients and moisture to the meristimatic cells 

at differentiation stage. The enhanced level of nutrients and auxin due to Azospirillum  

from the integration of nutrients could have diverted the photo assimilates to the 

developing flower buds and helped in the conversion of flowers to more femaleness to 

produce higher number of fingers as well as hands which  in turn also increased the 

bunch weight and yield. This is in agreement with findings of Chandra and Shivraj 

(1972). The increased in number of fingers per hand and hands per bunch and ultimately 

yield may also be due to the fact that biofertilizers i.e. nitrogen fixers not only increased 

the availability of nitrogen to the plant roots but also increased their translocation from 

root to flower through plant foliage (Singh and Singh, 2009). 

 The yield attributing characters like finger length, girth, volume and weight were 

also higher in treatments having 100 per cent RDF + VAM + Azospirillum  + PSB + 

Trichoderma  harzianum which might be due to better filling of the fingers and their  



   

 

growth. Increased uptake of nutrients from soil has produced enough carbohydrates in the 

leaf for translocation to the sink for better filling of fingers. This result is in conformity 

with the Pathak et al. (1992). The similar results were also reported by Jeyabhaskaran et 

al. (2001), Kumar and Shanmugavelu (1988) and Ansari (2006) in banana. 

 Harvest index is a measure of efficiency of a treatment and  gives an indication of 

economic yield in relation to total biomass production. Although, harvest index was not 

significantly influenced by the treatments, yet highest harvest index was observed in 

combined use of FYM, biofertilizers and 100 per cent recommended dose of NPK which 

might be due to production of heavy bunch in this treatments. This might also be 

attributed to efficient partitioning of assimilates leading to the development of healthy 

bunch with higher grade and number of fingers. Similar trend was also reported by 

Bhattacharyya (1986) in banana. This was in line of conformity with the work of Kotoky 

and Bhattacharyya (1992) who recorded high harvest index in banana due to adequate 

supply of nutrients and moisture.  

 The existence of favourable nutritional environment under the influence of 

biofertilizers, FYM and inorganic fertilizers had a positive influence on vegetative and 

reproductive growth, which ultimately led to realization of higher yield. The increase in 

yield and yield attributing characters may be due to the contribution of biofertilizers, 

organic manures and inorganic fertilizers on more balanced C/N ratio and greater uptake  



   

 

of nutrients for physiological activities. This might have lead to better metabolic 

activities in the plant which ultimately lead to high protein and carbohydrate synthesis 

(Singh et al., 1970).  Bhalerao et al. (2009) also observed maximum hands per bunch, 

fingers per bunch, weight of bunch and yield in Grand Naine banana by using 100 per 

cent recommended dose of NPK and FYM and biofertilizers.  

5.3  QUALITY PARAMETERS 

 Integrated use of organic, inorganic and biological sources of nutrients 

improved the fruit qualities in terms of moisture, titrable acidity, ascorbic acid, TSS, total 

sugar content, reducing sugar content, non-reducing sugar content and sugar: acid ratio. 

The beneficial effects of combined application of inorganic fertilizers with organic 

manures along with biofertilizer on fruit quality of litchi were also observed by Dutta et 

al. (2010).  

 The increase in TSS content under treatment having combined use of 

biofertilizers along with 100 per cent NPK and organic fertilizers may be due to 

accumulation of sugars and other soluble components from hydrolysis of protein and 

oxidation of ascorbic acid. This corroborates with the findings of Rathi and Bist (2004) in 

pear, Dey et al. (2005) in guava and Suresh and Hasan (2001) in banana. The increase in 

reducing sugar, non-reducing sugar and total sugar in these treatments could be attributed 

due to quick metabolic transformation of soluble compounds and more conversion of  



   

 

organic acid into sugar. The increase in sugar content was also due to the degradation of 

polysaccharides into monosaccharides. The present finding was in agreement with the 

findings of Raman et al. (1971) in banana and Gawande et al. (1998) in sapota.  

The lowest acidity in the T8 and T3 treatments could be attributed to dilution effect 

because of increased fruit size and conversion of acid in to sugar and salts. Similar result 

was also observed by Singh et al. (1996) in banana. The increased in sugar: acid ratio is 

due to increase in total sugar content and decrease in acidity which favourably improve 

the sugar:acid ratio. The ascorbic acid content was significantly lower under 100 per cent 

NPK and organic manures and biofertilizers. This makes clear that increase in inorganic 

fertilizers tended to reduce ascorbic acid. Earlier, Phebe and Babu (1999) also reported 

lowest amount of ascorbic acid content in snake gourd due to implementation of highest 

level of NPK.  The increase in relatively higher moisture content and pulp-peel ratio in 

the treatment might be due to osmotic withdrawal of moisture content from the skin of 

the fruit to the pulp and increase moisture content as well as pulp-peel ratio.  

5.4  LEAF CHARACTERS  

5.4.1  Leaf relative moisture content 

 In general leaf relative water content (RWC) serves as a good index of 

photosynthetic activity since photosynthesis is highly dependent on turgidity in leaves.  



   

 

This was clearly reflected in the present investigation as evidenced from the bunch yield 

on account of production of larger photosynthates by the relatively turgid assimilatory 

cells of mesophyll tissues under combined application of biofertilizers along with organic 

and inorganic fertilizers. This result lends support with that of Larson and Clapp, 1984; 

Rangaswami and Bhagyaraj, 1993 and Puspa et al. (1995) who reported that biofertilizers 

and organic manures improve soil physical condition for enhancing moisture retention 

capacity leading to increase uptake of water. Increase in leaf RWC with the integrated 

use of organic and inorganic fertilizers along with biofertilizers and vermicompost was 

also reported by Rupnawar and Novale (2000) in pomegranate and Mahmoud and 

Mahmoud (1999) in peach. Thus, the increase in leaf RWC can reasonably be related to 

soil ameliorating effect mediated through biological and organic sources of nitrogen. The 

leaf RWC showed a decreasing trend from large to shooting stage and attained peak at 

harvest stage.  

5.4.2  Leaf nutrient concentrations  

5.4.2.1  Leaf total nitrogen (N) concentration 

  In the present investigation, higher concentration of leaf nutrients viz. NPK at 

shooting stage was recorded in treatment having integration of organic, inorganic and 

biofertilizers together. The maximum concentration of leaf nitrogen was ascribed due to 

presence of beneficial microorganisms in biofertilizers which rapidly mineralizes and  



   

 

nitrifies the organic nitrogen to inorganic form and makes it readily available to plant 

(Belser, 1979). Tiwari et al. (1999) also reported that double inoculation of Azotobacter 

with 50% fertilizers-N increased the leaf nitrogen concentration in banana. Similar 

increase in leaf N was also reported due to combined application of vermicompost and 

inorganic nitrogen in ridge gourd by Sreenivas et al. (2000). Garcia et al. (1998) reported 

that FYM in combination with N fertilizer increased the leaf nitrogen concentration in 

banana. The comparatively higher leaf nitrogen content at vegetative and shooting stage 

might be due to higher availability of the nutrients. Marwaha (1995), Singh and Singh 

(2009) reported that the increased leaf nitrogen content might be due to biological 

nitrogen fixation and production of enzyme complex, which solubilize the unavailable 

form of nutrient elements and render them available.  

The leaf nitrogen concentration was observed to be the highest at large stage 

which decreased gradually and the lowest was recorded at harvest stage. The decline in 

leaf nitrogen content at harvest stage was perhaps due to mobilization and export of 

nitrogen to the developing sink. Sivasankar et al. (1993) had similar views who reported 

that during the post anthesis period low rates of nitrogen uptake coupled with a heavy 

demand for nitrogen by the grains or seeds can cause loss of nitrogen from leaves.  

 

 



   

5.4.2.2  Leaf total phosphorus (P) concentration 

As evidenced by the observations, a comparatively higher value of leaf 

phosphorus concentration was recorded under integration of inorganic fertilizers with 

organic manures and biofertilizers. The highest leaf phosphorus concentration was 

recorded under 100% RDF + VAM +  Azospirillum  + PSB + Trichoderma  harzianum 

(T8). The higher levels of phosphorus concentration under this treatment which is 

receiving organic supplements, inorganic fertilizers and biofertilizers, might be due to 

increase availability of P in soil which might have increased the leaf P concentration 

(Patidar and Mali, 2001). The organic sources of nutrients like FYM, oil cake and 

vermicompost are good source of phosphorus and the application of organic manures like 

FYM (Dhote and Kawthalkar, 1996) helps in reducing the fixation of applied phosphorus 

and thereby causing an increase in the availability to crop resulting in an increase in 

phosphate content in leaf. The results of the present study corroborates the earlier works 

of Singh and Sharma (1993) in citrus and Tiwari et al. (1999a ) in banana who reported 

an increase in leaf phosphorus due to application of integrated use of fertilizers.  

In general, the leaf phosphorus concentration was recorded to be the highest at 

large stage followed by slight decrease at shooting and thereafter, a sharp reduction was 

noticed at harvest. This was in line with the work of Tiwari et al. (1999a) who observed 

similar trend in leaf phosphorus content of banana grown with an integration of 

Azotobacter and Azospirillum. 



   

 

5.4.2.3  Leaf total potassium (K) concentration 

 The potassium is essential for photosynthesis, for starch formation and 

translocation of sugars (Brady, 1984). It remains in the plant as soluble salts and its 

function is largely regulatory or catalytic. Potassium is concentrated in the young leaves, 

buds, and root tips. A deficiency of this mineral hinders the growth of roots and inhibits 

the normal development of foliage. Potassium counteracts the harmful effects of 

excessive nitrogen. It plays an important part in a conversion of starch to sugar at the end 

of the growing season (Wilde, 1989). 

The increase in leaf potassium as observed in the present investigation due to 

integration of organic manure, inorganic fertilizers and biofertilizers might be due to 

higher availability as the organic sources themselves contributed potassium to the 

nutrient pool and minimized the loss due to leaching by retaining potassium ions on 

exchange site that would have increased the released of potassium ion resulting in 

increased uptake (Santhy et al., 1999). Since banana can uptake hundred per cent applied 

potassium (Martin-Prevel, 1962), the increased in leaf potassium under organic 

supplements and biofertilizers as observed in the present study is obvious. This support 

the earlier findings of Gubbuk et al. (1991) who reported the organic supplements of 

nitrogen considerably increased leaf potassium in banana as compared  to inorganic N. In 

addition, increase in leaf potassium due to inoculation of Azospirillum had been studied 



   

elsewhere by several workers (Singh and Sharma, 1993; Motsara et al., 1995 and Das et 

al., 1997).  

 Similar to leaf nitrogen and phosphorus, the concentration of leaf potassium 

obtained at large stage gradually declined during shooting stage and reached at minimum 

level at harvest stage. This may be attributed to the translocation of potassium from leaf 

to the bunch during development and maturity as suggested by Brezesowsky and Van 

Biesen (1962). 

5.5  SOIL PARAMETERS 

5.5.1  Soil pH 

Combined use of organic, inorganic and biofertilizers significantly influenced the 

pH of the soil during present study. A marginal increase in soil pH was observed in the 

treatments receiving integration of organic, inorganic and biofertilizers over these 

components alone. This could be ascribed to the release of basic cation due to combined 

use of organic and inorganic inputs as supplementary source of nitrogen which was in 

accordance with Patiram and Singh (1993) and Garcia et al. (1998). The present study 

also justified that organic manure in combination with inorganic fertilizers (Nethra et al., 

1999 and Vargas, 1998) could increase the soil pH. Moreover, Orellana et al. (1995) 

reported that unilateral application of inorganic fertilizers provokes acceleration of 

acidification process and loss of organic matter and soil bases in banana plantation. 

 



   

5.5.2   Soil organic carbon     

  The incorporation of various organic sources with inorganic fertilizers and 

biofertilizers caused a significant increased in organic carbon of post harvest soils. This 

might be due to the fact that the presence of organic sources led to stabilized C: N ratio 

increasing the organic carbon content of the soil (Parr and Papendick, 1978). It was also 

observed that the buildup of organic carbon was proportional to the amount of organic 

matter used. This result was similar to the findings of Nethra et al. (1999) and Gupta et 

al. (2000). The increased organic C may also be attributed to the enhanced root growth 

which leads to accumulation of organic matter in soil. This finding is in agreement with 

Devnath and Hajra (1972), Prabhu et al. (2002) and Umar et al. (2008). An increase in 

organic carbon in the treatments receiving Azospirillum was perhaps due to microbial 

metabolism and constitution of microbial cell added after death of the organism 

(Alexander, 1985). In the present study, a significant decrease in organic C was noticed 

in control. This finding is in the line with Korwar et al. (2006) in aonla and Umar et al. 

(2008) in strawberry.  

5.5.3  Available nitrogen (N) 

 Nitrogen is the most important nutrient stored in soil, primarily in soil organic 

matter from which it is mineralized by ammonium – N by the action of enzymes, 

produced by soil organisms. The release of nitrogen from organic matter decomposition 

is a major source of usable nitrogen (Donahue and Shickluna, 1987). The nitrogen  



   

 

availability is related to the successive microbial transformation accompanied by 

stepwise biochemical and chemical reactions in the soil. It is also governed by soil pH. 

As revealed from the results, integration of inorganic fertilizers with organic manures and 

biofertilizers significantly increased the available nitrogen content of post harvest soil 

and the highest  quantity of available nitrogen was observed in the treatment receiving 

integrations of  100% RDF + VAM +  Azospirillum  + PSB + Trichoderma  harzianum 

(T8). Such a build up of available soil nitrogen could be attributed to the ability of 

Azospirillum to fix atmospheric nitrogen throughout the cropping period. Hedge and 

Dwivedi (1994) and Sukhada (1996) lent credence to the present study who reported that 

Azospirillum considerably increased the available nitrogen content of soil. It has also 

been reported that combined use of organic and inorganic sources may influence the 

forms and availability of nitrogen through the process of mineralization and also act as 

storehouse of nutrients. Organic acids and other microbial products of decomposition 

from organic sources solubilize the insoluble compounds by interacting with their 

specific binding cations and clay minerals (Stevenson, 1967). Therefore, it was seen that 

organic supplements were found to be effective in enhancing nitrogen availability in soil. 

Similar results were also reported earlier by Kale et al. (1992); Reddy and Reddy (1998) 

and Gupta et al. (2000). Regarding the highest soil available nitrogen in the treatment - 

100% RDF + VAM +  Azospirillum  + PSB + Trichoderma  harzianum  as discussed 

earlier, could be  attributed to the fact that transformation of unavailableforms to the  



   

 

available form by the beneficial microorganisms present in the biofertilizers. This finding 

was similar with the findings of Gogoi et al. (2004) and Ansari (2006) that biofertilizers 

along with inorganic fertilizers and organic manures in banana, significantly increase the 

available NPK status in soil after harvest.  

5.5.4   Available phosphorus 

 The availability of phosphorus in soil nutrition is very important because the 

supply of phosphorus in most soils is low and is not readily available for plant use. This 

low amount of phosphorus in soil reflects the characters of soil to permit the plant to 

grow in a particular area (Brady, 1984). Soil available phosphorus in its many 

compounds has roles in cell division, in stimulation of early root growth, in hastening 

plant maturity, in energy transformations within the cells, and in fruiting and seed 

production (Miller and Donahue, 1992). The dynamic changes of available phosphorus in 

soil is attributed to the release of phosphorus from the mineralization, reduction of ferric 

phosphate to ferrous phosphate and increase in the solubility of the ferric phosphate and 

aluminum phosphate caused by an increase in pH value of the soil.  

 In the present study, a significant increase in soil available phosphorous was 

observed in the treatment 100% RDF + VAM +  Azospirillum  + PSB + Trichoderma  

harzianum  as compared to other treatment combinations. This might be due to 

mineralization of organic source that have released phosphorous to the available pool.  



   

 

The organic manures themselves also contributed phosphorous to the nutrient pool as 

they were rich in phosphorous content. The amount of available phosphorous exhibited a 

variation among the treatment receiving organic supplements depending on the amount of 

organic matter used for supplementing fertilizer-N. These results were in conformity with 

the findings of Prabhakar et al. (1972), Brady (1990), Srivastava (1998) and Mba (1999). 

The increase in soil available phosphorous in the treatment consisting of Azospirillum 

might be due to higher amount of nitrogen fixed by the Azospirillum. This was in line 

with the view of Thompson et al. (1954) who opined that phosphorous mineralization is 

closely related to the analogous transformation of nitrogen. Therefore, the synergetic 

effect of nitrogen and phosphorous might also have a great influence on the phosphate 

availability. The positive influence of Azospirillum on the available phosphorous was 

earlier reported by Tiwari et al. (1999) in banana. 

 In the present study, the improved availability of phosphorous under PSB and 

Azospirillum can be attributed to the production of organic acids. These acids act as a 

chelating agent and form stable complexes with Fe and Al abundantly available in acid 

soils and thereby release P from the clutches of Fe and Al to the soil solution. Similar 

findings were also reported by Nethra et al. (1999), Vasanthi and Kumarswami (1999) 

and Senapati et al. (2005). 

  



   

 

Overall, the increased nutrient availability may be due to the action of organic 

acids from the organic matter complex; some of which, in addition to influencing pH, 

form stable complexes or chelate compounds with the cations responsible for phosphate 

fixation (Prabhu et al., 2002). The application of organic manures significantly reduced 

the fixation of added as well as native phoshorous making them more available to plants 

(Chellamuthu et al., 1988; Kachot et al., 2001 and Patidar and Mali, 2004).  

5.5.5   Available potassium  

 The potassium plays an important role in plant growth as an activator of enzymes 

in metabolic processes (Brady, 1984). In general, the chemistry and availability of 

potassium in soil is governed by dynamic equilibrium process and the equilibrium shifts 

towards forward direction with the application of potassium i.e., application of potassium 

to a soil disturbs the existing equilibrium among water soluble potassium, exchangeable 

potassium and non-exchangable potassium and their relative availability is largely 

controlled by fixation and release characteristics of potassium in a particular soil. In the 

present study, it was observed that integrated use of organic manures and biofertilizers 

with 100 per cent NPK significantly increased the available K2O of soil compared to 

other treatments. This increase may also be attributed to the initial content of potash in 

the organic supplements which on decomposition contributed to the available K-pool. 

Furthermore, it could also be ascribed to the fact that combined application of organic  



   

 

and inorganic sources might have caused mineralization by solubilizing the insoluble 

compounds through the action of organic acids, released during decomposition and 

thereby minimize the losses due to fixation. The results of Santhy et al. (1998) also 

support the fact as they stated that FYM is associated with minimizing the losses from 

leaching by retaining K-ions on exchange sites. The increase in available potassium 

content in soil due to Azospirillum, as observed in the present instance, may be related to 

the production of acid mainly carbonic acid formed from the CO2 produced by the large 

number of heterophylic bacteria including Azospirillum which help solubilization of the 

insoluble potassium in minerals thereby helped in releasing the potassium to the nutrient 

pool. Further, some potassium may be released from clay minerals by a shift of the 

equilibrium between soluble and insoluble forms as microorganisms remove the cation 

from solution (Alexander, 1985). 

5.6  ECONOMICS OF CULTIVATION   

Economics of cultivation is the most important single factor which decides the 

adoption of any improved practices by the grower. The cost- benefit ratio of treatments is 

another most important factor that determines its usefulness and acceptance by the 

grower. A treatment should not only be effective but also should be profitable proposition 

to be acceptance by a grower.  

 



   

 

In the present study, the different treatments showed clear impact on the 

comparative economics of the production of the crop. The evaluation of relative merit of 

different integration of inorganic fertilizers, organic manures, vermicompost with 

biofertilizers, biocontrol agents in the present study in augmenting yield and thereby 

income revealed that an expenditure of Rs 2,64,110.00 ha-1 had to be incurred to obtain a 

yield of 75.35 tonnes ha-1 in T8 (100% RDF + VAM +  Azospirillum  + PSB + 

Trichoderma  harzianum ) as compared to Rs 1,91,162.10 ha-1 in case of control (T0) with 

an yield of 40.33 tonnes ha-1. On the other hand, the highest net income of Rs. 

11,15,180.20 ha-1 was obtained with 100% RDF + VAM +  Azospirillum  + PSB + 

Trichoderma  harzianum (T8) followed by Rs. 10,22,372.79 ha-1 under 75 % RDF + VAM 

+  Azospirillum  + PSB + Trichoderma  harzianum (T9). 

Similarly, the highest cost- benefit ratio of 1: 4.22  was recorded in 100% RDF + 

VAM +  Azospirillum  + PSB + Trichoderma  harzianum (T8) followed by 1: 4.05 in 75 

% RDF + VAM +  Azospirillum  + PSB + Trichoderma  harzianum (T9) as compared to 

the lowest of 1:2.83 in 100 % Recommended dose of NPK + Vermicompost  (T2).  
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Chapter VI 

Summary and Conclusion 
…….…………………………………………………………………………… 

 The investigation was carried out during the year 2009-2010 at farmer’s field in 

Tuivamit village of Aizawl district, Mizoram to study the effect of integrated use of 

inorganic, organic and biofertilizers and biocontrol agents on growth, yield and quality of 

banana cv. Grand Naine as well as to study their impact on soil health parameters. The 

salient features emerged out from the present investigation are summarized below:   

1. Growth characters viz. pseudostem height and girth were significantly influenced 

by different treatments. Treatment - T8 i.e. 100% RDF + VAM + Azospirillum + 

PSB + Trichoderma  harzianum registered the maximum height (266.55 cm) and 

girth (72.63 cm) at shooting stage which differed significantly from rest of the 

combinations. The lowest psudostem height and girth was recorded in treatment T0 

(233.20 cm) and (62.90 cm), respectively. The yield was highly influenced due to 

different treatments. The highest yield was recorded again in T8 (75.35 t ha-1) 

while control recorded the lowest yield (40.33 t ha-1). 

2. Regarding the number of functional leaves, treatments had significant effect at 

small, large, shooting and at harvesting stage. The highest number was observed in 

T8 (14.40) at shooting stage while treatment T0 (10.87) recorded the least. 

 



   

 

3. The total number of leaves increased significantly by treatment - 100% RDF + 

VAM + Azospirillum + PSB + Trichoderma  harzianum over all other treatments. 

4. The leaf area was significantly influenced by different treatment combinations. 

The highest leaf area was recorded yet again in T8 (17.42 m2) at shooting stage 

while lowest in T0 (10.82 m2).  

5. Similarly, leaf area index (LAI) had the highest value in T8 (5.52) at shooting stage 

and lowest in T0 (3.31) treatment. Harvesting stage showed a decreasing trend as 

compared to small, large and shooting stages irrespective of treatments.  

6. A significant difference in phyllochron among various treatments was also noticed 

at different stages. In general, treatment - 100% RDF + VAM + Azospirillum + 

PSB + Trichoderma  harzianum recorded the shortest phyllochron at different 

stages of growth. 

7. Days taken to shooting were found to be highly significant among the treatments. 

The shortest duration from planting was recorded all over again in T8 (210.53 

days) while T0 recorded the longest duration. The shortest shooting-harvesting 

interval was recorded in T8 (97.13 days). Contrary to this, treatment T0 recorded 

the longest duration for harvest (120.80 days). 

8. Overall, treatments did not differ significantly in regards to crop duration. 

 



   

9. In case of sucker production, the highest number of suckers was recorded in T8 

(8.07). Treatment, T0 recorded the lowest number of suckers per plant (4.53) 

which was significantly lower than rest of the treatments.        

10. The net assimilation rate (NAR) at shooting stage was recorded to be the highest 

in 75% RDF + VAM + Azospirillum + PSB + Trichoderma  harzianum and lowest 

in control (T0). The rest of the treatments recorded comparatively higher NAR as 

compared to control.  

11. Total biomass production was recorded to be maximum in integrations of 100% 

RDF + VAM + Azospirillum + PSB + Trichoderma  harzianum and lowest in 

control (T0). 

12. Likewise crop duration, harvest index did not differ significantly among the 

treatments.  

13. The yield attributing parameters were significantly influenced by different 

treatments. The maximum number of hand per bunch was recorded in T8 (10.20) 

which was significantly higher than other treatments. Treatment T0 (7.73) recorded 

lowest hands per bunch. 

14. Similarly, a significant difference was observed among different treatments in 

regards to number of fingers per hands. The highest number was recorded in T8 

(22.87) while the lowest was recorded in T0 (15.80) as observed in most of the 

parameters.  

 



   

 

15. Treatments also differed significantly in respect of fingers per bunch. The 

maximum number of was recorded in T8 (187.00). Treatment T0 recorded the 

lowest value of fingers per bunch (117.40). 

16. Weight of the second hand was significantly influenced due to different 

treatments. The highest weight was recorded in T8 (3.76 kg) and the lowest value 

was recorded in T0 (1.76 kg). 

17. Bunch weight also significantly influenced by different integration of organic 

manures, inorganic fertilizers, biofertilizers and bioagents. Treatment - T8 i.e. 100 

% RDF + VAM + Azospirillum + PSB + Trichoderma  harzianum recorded the 

highest bunch weight of 24.42 kg. While the lowest was recorded by T0 i e. control 

(13.06 kg).  

18. Different treatments also significantly influenced the yield of the crop. The highest 

yield of 75.35 t ha-1 a was recorded in 100 % RDF + VAM + Azospirillum + PSB 

+ Trichoderma  harzianum while the lowest was recorded in T0 (control). 

19. A significant difference was also noticed in physical characters of finger due to 

integration of organic manures, inorganic fertilizers, biofertilizers and bioagents. 

The maximum length (22.97 cm), circumference (14.13 cm), volume (282.98 cc), 

and weight (231.67 g) was recorded yet again in treatment - T8 while the lowest 

value were recorded in T0.  

 



   

20. Pulp : peel ratio also varied significantly among different treatments. The highest 

pulp peel ratio was recorded in T8 (3.52) and lowest ratio was exhibited in T0 

(1.92). 

21. The quality parameters of the fruit also influenced significantly due to different 

treatments. Significant difference was observed among the treatments in respect of 

moisture content, TSS, acidity, ascorbic acid, reducing, total and non-reducing 

sugar. Among all treatments, characteristically, T8 i.e. 100 % RDF + VAM + 

Azospirillum + PSB + Trichoderma  harzianum  was considered as best. T8 

treatment produced fruits with lowest moisture content (70.91%), lowest acidity 

(0.25%), highest ascorbic acid (10.03 mg/100g), highest TSS (22.64 %), highest 

reducing sugar (9.33%), total sugar  (18.75%)  and sugar-acid ratio (76.10 ). 

Treatment T4 recorded the highest value of non-reducing sugar (9.58). In contrast 

to these records, T0 recorded the highest moisture content (82.28%), highest 

acidity (0.30 %), lowest ascorbic acid (5.59 mg/100 g), lowest TSS (17.82 %), 

lowest total sugar (16.87%), non-reducing sugar (8.27%) and sugar-acid ratio 

(56.03). Treatment T2 recorded the lowest value of reducing sugar (8.08 %).  

22. Leaf total nitrogen at vegetative, shooting and harvest stage was also varying 

significantly due to various treatments. An integration of 100 % RDF + VAM + 

Azospirillum + PSB + Trichoderma  harzianum improved the  nitrogen status of 

the leaf over all other INM packages as well as control. Leaf nitrogen 

concentration showed a decreasing trend from vegetative to harvest stage.   



   

 

23. Likewise, leaf phosphorus also varied significantly among different treatments at 

large, shooting and harvesting stage. Among all the stages, the highest leaf 

phosphorus was recorded at large stage in treatment T8 (0.66 %) and the lowest 

was recorded in treatment T0 (0.48 %).  

24. A significant difference was also observed in potassium content of leaves due to 

different treatments. At large stage, the highest concentration of potassium 

(3.71%) was recorded under 100% RDF + VAM + Azospirillum + PSB + 

Trichoderma  harzianum (T8). The lowest potassium concentration at this stage 

was recorded in T0 (2.85%) which was significantly lower than rest of the 

treatments. 

25. The integration of organic manure, inorganic fertilizers, biofertilizer and 

biocontrol agent significantly increased the leaf relative water content (LRWC) 

over the control at large, shooting and harvesting stage. At large stage, among the 

treatments, treatment with 100 % RDF + VAM + Azospirillum + PSB + 

Trichoderma  harzianum (T8) recorded the highest value (94.26%) and control 

(T0) recorded the lowest value (82.13%). 

26. Post harvesting, parameters related to soil health also varied significantly due to 

various treatments. Data on soil pH, organic carbon and available N, P and K after 

harvest revealed significant difference due to treatments. The highest value of soil 

pH (5.52) was recorded in treatment T8 i.e. 100% RDF + VAM + Azospirillum +  



   

 

 

PSB + Trichoderma  harzianum. Treatment T2 i.e. 100 % recommended dose of 

NPK + Vermicompost recorded the significantly lowest pH (4.69) value of post 

harvest soil. 

27. Different treatments also significantly influence the organic carbon content of the 

post harvest soil. The highest value of 0.85% was recorded in treatment - 100 % 

RDF + VAM + Azospirillum + PSB + Trichoderma  harzianum while the lowest 

was recorded in T0 (0.63%). 

28. Treatment with 100 % RDF + VAM + Azospirillum + PSB + Trichoderma  

harzianum also increased the available nitrogen content of the post harvest soil as 

compared to control and all other INM packages. This treatment recorded the 

highest value of available nitrogen of 296.64 kg ha-1 and it was lowest in control 

(275.32 kg ha-1).  

29. Soil available  P2O5  content of the post harvest soil also varied significantly 

among different treatments. The highest available P2O5 was recorded in T8 (37.33 

kg ha-1) and lowest was observed in T0 (24.74 kg ha-1). 

30.  A significant difference was observed among different treatments in regards to 

potassium content of the post harvest soil. The highest potassium content was 

recorded in T8 (223.21 kg ha-1), while the lowest was recorded in T0 (114.30 kg ha-

1). 



   

 

31. The cost of cultivation was highest under T8 treatment (Rs 2,64,110.00) and the 

lowest was under T0 (Rs 1,91,162.10) and the highest net income of Rs. 

11,15,180.20 was obtained with 100% RDF + VAM +  Azospirillum + PSB + 

Trichoderma  harzianum (T8) followed by Rs. 10,22,372.79 under 75 % RDF + 

VAM +  Azospirillum + PSB + Trichoderma  harzianum (T9). The lowest net 

income was obtained in treatment T0          (Rs 5,53,583.70). 

32. The most efficient treatment in terms of cost: benefit ratio was 100% RDF + VAM 

+  Azospirillum + PSB + Trichoderma  harzianum (T8) followed by 75 % RDF + 

VAM +  Azospirillum + PSB + Trichoderma  harzianum (T9) with a cost : benefit 

ratio of 4. 22 and 4.05, respectively. The lowest cost: benefit ratio was obtained in 

T2 (2.89). 

         CONCLUSION: 

The present investigation revealed that the integrated nutrient management 

proved to be highly effective in banana production cv. Grand Naine under 

Mizoram condition.  

From the results of the present investigation, it can be concluded that the 

integration of 100% RDF + VAM +  Azospirillum + PSB + Trichoderma  

harzianum was the most efficient integrated nutrient combination for improved 

growth, yield and quality parameters as well as soil nutrient status in the  



   

 

cultivation of ‘Grand Naine’ banana as tested during the course of this study. 

Considering from the economic point of view and detrimental effect of chemical 

fertilizers on soil microflora and soil health, treatment T8 was found to be highly 

remunerative. 

However, since the investigation was carried out for one harvest only, 

further study is necessary before final recommendation. Furthermore, despite of 

maximum cost benefit ratio, cost of cultivation of most effective INM package in 

present study was also high which needs to be taken into account in future study. 

Therefore, work on appropriate integrated nutrient management incorporating 

some locally manufactured biofertilizers is recommended to reduce the cost of 

cultivation. In addition, selections of superior local strains are to be explored for 

commercial utilization to enhance production and productivity of banana.                

                           

  

                  

  

 

 

 

 

      



   

 

 

 

 

 

          

 

 

 

 

 

 

 

  

Plate 1: The Experimental Field 



   

 

 

                                                                                                              

                                                                                                             

 

 

 

  

B: Plants under treatment T1 A: Plants under treatment T0 

C: Plants under treatment T2 D: Plants under treatment T3 

    Plate 2: Plants in the experimental field under different treatments  



   

                                                                                                                                                                    

                           

  

 

                   

 

                                                                 

B: Plants under treatment T5 A: Plants under treatment T4 

D: Plants under treatment T7 C: Plants under treatment T6 

Plate 3: Plants in the experimental field under different treatments 



   

                                                                                                                                                            

                          

  

 

                                                          

 

                                                                    

B: Plants under treatment T9 A: Plants under treatment T8 

C: Plants under treatment T10 

Plate 4: Plants in the experimental field under different treatments  



   

 

                                  

 

 

                                                                                                                               

 

                   

 

A: Bunch under treatment T0 B: Bunch under treatment T1 

D: Bunch under treatment T3 C: Bunch under treatment T2 

Plate 5: Bunch of banana under different treatments 



   

                                               

 

                                                

                               

     

                                                                                         

Plate 6: Bunch of banana under different treatments 

A: Bunch under treatment T4 B: Bunch under treatment T5 

C: Bunch under treatment T6 D: Bunch under treatment T7 



   

                             

 

                                                

                                                                  

                 

                

   Plate 7: Bunch of banana under different treatments 

A: Bunch under treatment T8 B: Bunch under treatment T9 

C: Bunch under treatment T10 



   

 

                                             

 

 

                                                                                             

 

                   

                                                               

 

 

 

A: Hands under treatment T0 B: Hands under treatment T1 

Plate 8: Hands of banana under different treatments 

D: Hands under treatment T3 

E: Hands under treatment T4 F: Hands under treatment T5 

C: Hands under treatment T2 



   

                                                        

                                                                                        

 

                   

                                    

 

 

                                                                   

 

 

  

 

A: Hands under treatment T6 B: Hands under treatment T7 

D: Hands under treatment T9 C: Hands under treatment T8 

E: Hands under treatment T10 

Plate 9: Hands of banana under different treatments 



   

 

References 

_______________________________________________________________ 

Abusahleha and Shanmugavelu, K.G. 1988. Studies on the effect of organic vs. inorganic 

sources of nutrition on growth, yirld and quality of okra (Abelmoschus 

esculentus). Indian J. Hort. 45: 312-318. 

Acharya, C. L., Bishnoi, S. K. and Yaduvanshi, H. S. 1988. Effect of long term 

application of fertilizers and organic and inorganic amendments in an 

Alfisol.  Indian J. Agric. Sci. 58:509-516. 

Acuna, P. and Ruiz, R. 1998. Sustainable management of banana: preliminary results of 

the effects of micro-compost made with organic harvest residues on 

production. In : Proc. Workshop on organic/ environmentally friendly 

banana production. EARTH, Costa Rica. 27-29/07/98. Pp. 177-183. 

Agarwal, S., Pandey, S. D., and Prasad, G. V. 1997. Studies on fruit character of  in vitro  

banana cv. Robusta under the high status of nitrogen and potassium.  South 

Indian Hort. 45: 265-266. 

Agarwal, S. Patel, R. K., Pandey, S. D. and Agarwal, S. 1998. Influence of higher levels 

of nitrogen and potassium on growth and yield potential of  in vitro  banana 

cv. Robusta.  Mysore J. Agric. Sci.  32: 275-280. 



   

Ahmed, M.F., Saxena, R.K., Sharma, S.D. and Singh, S.K. 2005. Effect of Azotobacter 

chroococcum on nutrient uptake in Amrapalli mango under high density 

planting. Indian J.Hort. 61: 348-349.  

Akl, A. M., Ahmed, F. F., El- Mossy, F. M. and Kagab, M. A. 1997. The beneficial 

effects of bioferttilizers on Red Roomey grapevines (Vitis vinifera  L.). The 

effect on berry set, yield and quality of berries.  Ann. Agric. Sci. 35: 497-

502. 

Alexander, M. 1985. In  Introduction to Microbiology. 3rd Edn. Willey Eastern Ltd. New 

Delhi. 

Alila, P., Sanyal, D. and Sema, T. A. 2003. Effect of NPK on growth, flowering, yield 

and yield attributes in papaya (Carica papaya L.) Crop Res. 26: 462-467. 

Aneesa Rani, M. S. and Sathiamoorthy, S. 1997. Effect of organic and biofertilizers on 

root enzyme activity, nematode, total biomass and growth enhancement of 

papaya cv. CO-6.  South Indian Hort.  45:217-223. 

Anonymous, 1969. Medicinal secrets of Yarn Food. Pub. Sec., Indo American Hospital. 

N.R. Mahulla, Mysore, 1st Ed. Pp 183-191. 

Anonymous, 1991. Soils of Mizoram.  Directorate of Agriculture, Mizoram. pp 1-7. 

 Anonymous, 2002. Annual Report. Indian Institute of Horticultural Research, Bangalore, 

pp. 28-30. 

 



   

 

Anonymous, 2003. Mizoram Forest.  Department of Environment and Forest, Govt. of 

Mizoram, pp 1-15. 

Anonymous, 2005. Govt move to boost banana production. Indian Food packer 59:115. 

Ansari, S. 2006. Integrated Nutrient management in Banana cv. Jahaji(AAA). M.Sc. 

Thesis. Submitted to Assam Agricultural University, Jorhat. 

AOAC 1975. Official Methods of Analysis. 2nd Edn. Association of Official Analytical 

Chemists,   Washington, D.C. 

Aseri, G. K. Jain, N. and Meghwal, P. R. 2009. Influence of bio-fertilizers on aonla 

establishment and production in Indian Thar desert. Indian J. Hort.66: 449-

455. 

Aseri, G. K., Jain, N., Panwar, J.Rao, A. V. and Meghwal, P. R. 2008. Biofertilizers 

improve plant growth, fruit yield, nutrition, metabolism and rhizosphere 

enzyme activities of Pomegranate (Punica granatum L.) in Indian Thar 

desert. Scientia Horticulturae.117:130-135. 

Athani, S. I., Hulamani, N. C. and Shirol, A. M. 1999. Effect of vermicompost on 

maturity and yield of banana cv. Rajapuri (Musa AAB).  South Indian Hort. 

47: 4-7. 

 

 



   

 

Athani S.I., Revanappa and Dharmatti, P. R. 2009. Influence of organic fertilizer doses 

and vermicompost on growth and yield of banana.  Karnataka J. Agric. Sci. 

22: 147-150.  

Awasthi, R. P., Godara, R. K. and Kaith, N. S. 1998. Interaction effect of VA-

micorrhizae and Azotobacter inoculation on micronutrient uptake by peach 

seedlings.  J. Hort.11:1-5.  

Babu, N. and Sharma, A. 2005. Effect of Integrated nutrient management on productivity 

of ‘Jahajee’ banana and soil properties under Nagaland foot hills condition.  

The Orissa J. Hort. 33: 31-35.  

Babu Ratan, P., Raghava Rao, D. V., Reddy, Y. N. and Madhava Rao, D. 2008. Organic 

banana production system: Leaf emission, leaf scenescence and crop 

duration in plant and ratoon cycles. Ind. J. Hort.65: 134-136. 

Bananuka, J. A. and Rubalhayo, P. R. 1994. Backyard banana cultivation in Uganda.   

Infomusa.3: 17. 

Barrs, H. D. and Weatherly, P.E 1962. A re-examination of the relative turgidity 

technique for estimating water deficit in leaves.  Aust. J. Biol. Sci. 15: 413-

442. 

Basumatary, A. 1995. Long term effect of integrated nutrient supply system on soil 

fertility. Ph. D Thesis, Assam Agricultural University, Jorhat, India. 



   

Belser, L. W. 1979. Population ecology of nitrifying bacteria.  Ann. Rev. Microbiol. 33: 

309-333. 

Bhadoria, P. G. S. 1987. Physical properties and rice yield as related to organic 

amendments and depth of mixing. J. Agron. Crop Sci. 159: 229-301. 

Bhalerao, V. P., Patil, N. M.,  Badgujar, C. D. and Patil, D. R. 2009. Studies on 

Integrated Nutrient Manament for tissue cultured Grand Naine Banana. 

Indian J. Agric. Res. 43: 107-112. 

Bhardwaj, K. K. R. and Gaur, A. C. 1970. The effect of humic acid and fulvic acids on 

the growth and efficiency of nitrogen fixation by Azotobacter chroococcum. 

Folia microbial.15: 364. 

Bhattacharyya, R. K. 1986. Paper presented at XXIInd International Horticultural 

Congress, ISHS, California, Aug.11-20.1986. 

Bhattacharyya, R. K.  and Madhava Rao, V. N. 1989. Shooting-harvest interval of 

‘Robusta’ banana as influenced by soil covers and soil moisture regimes.  

Banana Newsletter.  12: 22-23. 

Borges, A. L. 1994.  Liming and fertilizing banana CNPMF Rep. pp 2 (Musa Doc. 1999). 

Brady, N. C. 1984. The Nature and properties of Soils. Macmillan Publishing Company, 

New York. 

Brady, N. C. 1990. In: The nature and Properties of soils. Tenth Edition. Mcmillan Publ. 

Co. New York. Pp. 281-288. 



   

Bray, R. H. and Kurtz, L. T. 1945. Determination of total, organic and available forms of 

phosphorus in soils. Soil Sci., 59:39-45. 

Brezesowsky, N. J. and Van Biesen. 1962. Foliar analyzing in experimental grown 

Lacatan banana in relation to leaf production and bunch weight.  Neth. J. 

Agric. Sci. 10: 118-126. 

Chandra, R. and Shivaraj. 1972. Influence of exogeneous hormones on flowering, flower 

shedding and fruit set of chilli ( Capsicum annuum).  Andhra Agric. J.  19: 

34-44. 

Chellamuthu, S., Kothandaraman, G. V. and Duraisamy, P.1988. Effect of farm yard 

manureand ammonium sulphate on the available nutrient of soil.  Madras 

Agricultural Journal. 75: 196-199. 

Chezhiyan,N., Balasubramani, P., Harris, C.V.and Anathan, M. 1999. Effect of inorganic 

and biofertilizer on growth and yield of hill banana var. Virupakshi. South 

Indian Hort. 47:161. 

Chiang, S.C., Chang, C.M. and Chen, M.J. 1996. The growth, yield and pst harvest 

quality of Giant Cavendish as affected by rate of nitrogen. J. Chinese Soc. 

Hort.Sci.42:68-773(Musa Doc., 2000)  

Chowdhury, M. L., Singh, J. P. and Narwal, R. P. 1981. Effect of long term application 

of P, K and FYM on some soil properties.  J. Ind. Soc. Soil. Sci.29: 81. 



   

Chundawat, B.S., Dave, S.K. and Patil, N.L. 1983. Effect of sources of nitrogen on yield 

and economics of banana cv. Basrai. Haryana J. Hort. Sci. 12: 156-159.  

Dagade, U. G. 1986. Effects of graded levels of nitrogen, phosphorus and potassium 

fertilization on growth, yield and nutrient status of Basrai banana.  Indian J. 

Agric. Chem. 19: 1-7. 

Das, D.K. and Chaudhury, K.G. 1981. Infiltration and residuation of soil water as 

influenced by crust formation cultivation and FYM application. J. Ind. Soc. 

Soil Sci. 29:543-546. 

Das, S. K., Sharma, K. L., Sharma, N. and Srinivas, K. 1997. Effect of cultivars, nitrogen 

sources and soil types on response of sorghum to Azospirillum  inoculation. 

Ann. Agric. Res. 18: 313-317. 

Declerk, S., Devos, B., Delvaux, B. and Plenchette, C. 1994. Growth response of micro 

propagated banana plants to VAM inoculation. Fruits 49:103-109. 

Devnath, N. C. and Hajra, J. N. 1972. Transformation of organic matter in soil in relation 

to mineralization of carbon and nutrient availability.  J. Indian Soc. Soil Sci. 

20: 95-102.  

Dey, P., Rai, M., Kumar, S., Nath, V., Das, B. and Reddy, N.N. 2005. Effect of 

biofertilizers on physiochemical properties of Guava (Psidium guajava) 

fruit. Indian J. Agric. Sci.75 : 95-96. 



   

Dhanapal, N. D., Purushothaman, D. and Nandam, M 1978. Effect of seed inoculation 

with Azospirillum lipoferum on pearl millet and sorghum.  Food Fmg. Agri. 

10: 85-86. 

Dhillon, N. S., Singh, N. K. and Bakshi, J. C. 1981. The effect of manuring on fruit 

quality of sweet orange.  Punjab Hort. J. 1:124-134. 

Dhote, S. L. and Kawthalkar, M. P. 1996. Effect of application of hcopped Lucerne on 

productivity of cabbage.  J. Soils and Crops.6: 73-77. 

Dibut,A. B., Rodriguez N, A., Perez, A. and Martinez Viera, R. 1995. The effect of 

Azotoryzas  double function on banana (Musa spp.) experimental 

conditions. Infomusa.5: 20-23.  

Dibut, A. B., Rodriguez, N. A., Perez, A. and Martinez. Viera, R. 1996. The effect of 

Azotoryza’s double function on banana ( Musa spp). INFOMUSA 5:20-23. 

Donahue, R.L. and Shickluna, J.C. 1987. An Introduction to Soil and Plant Growth. 

Prentice Hall Pvt. Ltd., New Delhi. 

Donald, C.M. 1962.  In  search of yield. Assist. Inst Agric. Sci., 28: 171-178. 

Dorel, M. and Besson, N. 1996. Organic fertilizer use in banana growing. CIRAD-

FLHOR, Fort de France, Musarama.9:15. 

Duraiswamy, R., Mani, A.K. and Balasubramaniam, P. 1999. Effect of fertilizer nitrogen, 

Azospirillum and organics on yield and nutrition of rainfed tomato.  South 

Ind. Hort.  47: 234-236. 



   

Dutta, P., Chakraborty, A. K. and Chakraborty, P. K. 2003. Effect of different levels of 

potassium on fruit quality and yield of sweet orange.  Ann. Agric Res. 24: 

786-788. 

Dutta, P. Kundu, S. and Biswas, S. 2010. Integrated nutrient management in litchi cv. 

Bombai in new alluvial zone of West Bengal. Indian J. Hort. 67:181-184. 

Dutta, P. Maji, S. B. and Das, B. C. 2009. Studies on the response of bio-fertilizer on 

growth and productivity of guava. Indian J. Hort. 66: 39-42. 

Dutta, S. C., Deka, J. and Baroova, S. R. 1994. Effect of green manures and nitrogen 

levels on N uptake and soil fertility in rice based relay cropping system. 

JASS.7: 175-176. 

El-Ghany, B. F. 1996. Influence of biofertilizer application on root-rot fungi, soil 

microbial properties and soybean production under calcareous soil 

conditions.  Dessert Instt. Bull.  46: 111-125. (CAB Abstr. 200/ 08-

2001/01). 

El- Naby, S.K.M.A. 2000. Effect of banana compost as organic on growth, nutrient 

status, yield and fruit quality of Magharabi banana. Assiut. 

J.Agric.Sci.31:101-114 (CAB Abst.2000). 

Elad, Y., Chet, I. and Heis, Y. 1987. A selective medium for improving quantitative 

isolation of  Trichoderma  spp. from soil.  Phytoparasitica.9: 59-67.  



   

 Fernandez, F.M., Enrique,A.C., Borges, R..A. 1998. Bacteria enriched inoculants 

enhance banana development and influences nutrition. Fruits. 53:2 (CAB 

Abstr.1998/08-2000/07). 

Freed, M. 1966.  Methods of vitamin assay. Interscience Publ. Inc., New York. 

Garcia, R., Guijarro, R. and Milan, O. 1998. Alternate fertilizers for banana and plantatin 

production in Cuba. In: Proc. Organic/ Environmentally Friendly Banana 

Production. Casta Rica, July 27-19, p. 86.  

Garg N., Singh, V. K. and Om Prakash 2007  Trichoderma viride  treatment for 

improving seed germination and seedling growth in aonla. Indian J. Hort. 

64: 213-215. 

Gaur, A. C. 1972. Role of phosphate oslubilizing microorganisms and organic matter in 

soil productivity. In. Proc. Symp. On Soil Productivity. Nat. Acad. Sci. 

India, pp. 259. 

Gaur, A. C. and Pareek, R. P. 1974. Organic acids in soil during decomposition of 

organic residues.  Indian Nat. Sci. Acad.  40: B: 68. 

Gawande, S.S., Jiotode, D.J. and Turkhed, A.B. 1998. Effect of organic and inorganic 

fertilizers on yield and quality of sapota. J. Soils and Crops. 8: 58-60. 

Geetha, K. and Nair, R. R. 2000. Integrated plant nutrition system (IPNS) for banana.  

Ann. Agric. Res.  21:499-503. 



   

Ghai, S. K., Rao, D. L. N. and batra, L. 1988. Nitrogen contribution by green manuring 

with  Sesbenia spp. in a alkaline soil.  Biol. Fert. Soil. 6: 22-25. 

Ghuman, B. S., Sur, H. S. and Kulwantlal 1997. Effect of green manuring on soil 

properties and yield of wheat under dry land condition.  J. Ind. Soc. Soil. 

Sci.   45: 99-103. 

Gill, P. S., Singh, S. N. and Dhatt, A. S. 2005. Effect of foliar application of K and N 

fertilizers on fruit quality of Kinnow mandarin.  Indian J. Hort.   62:282-

284. 

Godefroy, J. 1989. Study of soil sampling in banana plantation in CTM te d’ivorie.  Fruits 

(FRA). 44:579-586. 

Gogoi, D. 2003. Effect of Biofertilizers on growth, yield and quality of banana cv. 

Barjahaji.  M. Sc. thesis, submitted to Assam Agricultural University, 

Jorhat. 

Gogoi, D., Kotoky, U. and Hazarika, S. 2004. Effect of biofertilizers on productivity and 

soil characteristics in banana. Indian J.Hort.61:354-356. 

Gomes, J. A., Nobrega, A. C., Salgado, J. S., Rocha, A. C. Da and Da- Roch, A. C. 1988. 

Utilization of organic matter in banana cultivar Prata in the state of Espirito 

Santo.  Communicado Tecnico Epresa Capixaba de Pesquisa Agropecuria,  

EMCAPA, No. 49 pp 48 (CAB Abstr. 90-91). 



   

Gomes, J. A., Nobrega, A. C. and Salgado, J. S. 1998. Utilization of cattle manure, 

cultural residues and liming on banana cv. Prata (AAB group, subgroup 

prata) in Espirito Santo State, Brazil, Revista Brasilereira de Fruiticultura. 

20: 28-32 (CAB Abstr. 1998/08-2000/07). 

Gottreich, M., Bradn, D and Halary, I. 1964. A simple method of determining average 

banana fruit  weight.  Ktavia   14: 161-162. 

Govindam, M. and Purushothaman, D.1984. Production of phytohormones by the 

nitrogen fixing bacterium  Azospirillum.  Agric. Res. J. Kerela. 22: 133-138. 

Govindarajan, K. and Thangaraju, M. 1998. Azospirillum- a potential inoculants for 

horticultural crops.  South Indian Hort.  49 (Special):233-236. 

Gubbuk, H., Paydas, S. and Kasak, N. 1993. Effects of different nitrogen and farm yard 

manure levels on the stem and finger growth and the durations of fruit 

development of Cavendish and Basrai banana clones. Doga, Turk, Tarim, 

ve, Ormancilik, Dergisi.17: 239-253(CAB Abstr. 1995). 

Gupta, R. K.,  Arora, B. R.,  Sharma, K. N. and Ahluwalia, S. K. 2000. Influence of 

biogas slurry and farm yard manure application on the changes in soil 

fertility under rice-wheat sequence.  J. Indian Soc. Soil. Sci. 48: 500-505. 

 



   

Harman, G. E. 2000. Myths and dogmas of Biocontrol: changes in the perceptions 

derived from research on Trichoderma harzianum T-22.  Plant Dis. 84: 

377-393. 

Hassan, M. A. Singh, B., Das, B. C. and Suresh, C. P. 2001. Banana production as 

influenced by nitrogen and potassium nutrition.  The Orissa J. Hort.   29 : 

67-73. 

Hazarika, B. N. and Ansari, S. 2010. Effect of integrated nutrient management on growth 

and yield of banana cv. Jahaji.  Indian J. Hort. 67: 270-273. 

Hazarika, D. N. and Mohan, N. K. 1991. Effect of nitrogen on growth and yield of 

banana cv. Jahaji. The Hort. J. 4: 5-10. 

Hedge, D. M. and Dwivedi, B. S. 1994. Crop response to biofertilizers in irrigated areas. 

Fert News.  39: 19 - 26. 

Hedge, D.M., Sreeenath, P.R., Kaur, K.C., Kumar, M. and Sharma, M.N. 1992. Crooping 

system reaearch, Annual Report, 1991-92. Project Directorate for Crooping 

SyesResearch, Medipuram, Meerut. 

Hemeng, O. B., Asante, J. S. and Ferris, R. S. B. 1995. Influence of poultry manure and 

inorganic fertilizer on plantain growth and yield.  MusAfrica 6:2. 

Herath, H.M. E., Pinto, M. E. R. and Ariyaratne, R. M. 1977. The response of Embul 

banana to organic manuring.  Trop. Agric. 33: 177-219. 



   

Hewit, C. W. 1955. Leaf analysis as a guide to the nutrition of banana.  Emp. J. Exp. 

Agric.  23:11-15. 

http:// planningcommission.gov.in. 

http://databank.nedfi.com. 

Hughes, M., Martin, L. W. and Breen, P. J. 1978. Mycorrhizal influence on the nutrition 

of strawberries.  J. Amer. Soc. Hort. Sci.  103:179-181. 

Humphries, E.C. 1956 . Modern methods of Plant analysis. Pp 468-502. 

Hussain, I., Manhot, S. C. and Mathur, A. M. 1988. Biogas plant slury- A promising 

organic manure. In: Managament and utilization of biogas plant slurry. 

Himanchu Publ., Udaipur. Pp. 31-36. 

Jackson, M.L. 1973  Soil chemical analysis. Prentice Hall of India Pvt Ltd, New Delhi. 

Jaggi, R. C., Dixit, S. P. and Bhardwaj, S. K. 1995. Nutrient uptake and tuber yield of 

potato as influenced by phosphatic and FYM in an acid alfisol.  J. Ind. Soc. 

Soil Sci. 43: 391-394. 

Jeeva, S., Kulasekharan, M., Shanmugavelu, K. G. and Obilisami, G. 1988. Effect of 

Azospirillum on growth and development of banana cv. Poovan (AAB).  

South Indian Hort.  36:1-4. 

Jeybaskaran, K. J., Pandey, S. D.,  Mustafa, M. M. and Sathiamoorthy, S. 2001. Effect of 

different organic manuresd with graded levels of inorganic fertilizers on 

ratoon of poovan banana. South Indian Hort. 49:105-108. 



   

Joolka, N. K., Singh, R. R. and Sharma, M. K. 2004. Influence of biofertilizers, GA3 and 

their combinations on the growth of pecan seedlings.  Indian J. Hort. 61: 

226-228. 

Kachot, N. A., Malavia, D. D., Solanki, R. M. and Sagarka, B. K. 2001. Integrated nutrient 

management in rainy season groundnut (Arachis hypogea).Ind. J. Agron. 

46:516-522.  

Kale, R. D., Mallesh, B. C., Bano, K. and Bhagyaraj, D. J. 1992. Influence of 

vermicompost application on the available micronutrients on selected 

microbial population in paddy field.  Soil Biol. Biochemistry. 24: 1319-1320. 

Kanamadi, V. C., Shirol, A.M. and Athani, S.I. 2004. Effect of biofertilizers on growth and 

yield of banana cv. Rajapuri.Proc. Natl.Sem.Banana Industry- Present 

Scenario on Future Strategies”. June 11-13, BCKV, Kalyani, pp.157-161.  

Kannan, P., Saravanan, A., Krishnakumar, S. and Natarajan, S. K. 2005. Biological 

properties of soil as influenced by different organic manures. Res. J. Agric. 

Biol. Sci. 1: 181-183. 

Karthiayani, A, Mathod, P.F, Varadhraju, N and Kennedy, Z.J. 2006. Studies on 

preservation of banana stored under MAC condition using diffusion channel. 

J.Food Sci. Technol. 43: 314-317. 

Kohli, R. R., Srivastava, A. K. and Shivankar, V. J. 1998. Organic culture in citrus 

cultivation.  Indian Hort. 43: 12-15. 



   

Korwar, G. R Pratibha, G. Ravi, V and Palanikumar, D. 2006. Influence of organics and 

inorganics on growth, yield of aonla (Emblica officinalis) and soli quality in 

semi arid tropics. Indian J. Agric. Sci.,76: 457-461. 

Kotoky, U. and Bhattacharyya, R. K. 1992. Harvest Index of three banana cultivars as 

influenced by organic mulches.  Banana Newsletter. No. 15:19-20.  

Kulkarni, B. S., Nalwadi, U.G. and Giraddi, R.S. 1996. Effect of vermicompost and 

Vermiculture on growth and yield of china aster (Callistephus chinensis 

Nees) cv. Ortrich Plume Mised. South Indian Hort. 44:33-35. 

Kumar, A. and Shanmugavelu, K.G.1980. Studies on the effect of Azotobacter and on 

banana. In Proc. Nat.Sem.on Banana Production 

Technology.TNAU.pp.125-130. 

Kumar, A. and Shanmugavelu, K. G. 1988. Effects of foliar spray of urea and 

Azotobacter applied to soil on banana cv. Robusta.  Banana Newsl. No. 

11:11-12. 

Kumar, D., Pandey, V., and Anjaneyulu 2008. Effect of planting density and nutrient 

management on growth, yield and quality of micro-propagated banana 

Rasthali Pathkapoora (AAB).  Indian J. Hort.  65: 272-276. 

 



   

 Lahav, E. 1973. Effects and interactions of manures and fertilizers in a banana 

plantations. Israel J. Agric. Res.23: 45-57. 

Lahav, E. and Turner, D. W. 1992. Fertilization del banana para rendimentos altos. 

Segunda ed.  Bulletin No. 7. Institute de la potasa y el fostoro. Quito, 

Equador. 71 p. 

Lal, G., Parek, C. S., Sen, N. L., and Soni, A. K.  2003. Effect of N, P and K on growth, 

yield and quality of ber cv. Umran.  Indian J. Hort. 60: 158-162. 

Larson, W. E. and Clapp, C. E. 1984. Organic matter and rice. IRRI, Los Bonos, Leguna, 

Philippines, p.363. 

Lee, K.E. 1985. In: Earthworms, their ecology and their relation with soil and land use. 

Academic Press, Sydney,pp. 188-194.    

Lopez, A. 1998. Conventional fertilization of Costa Rican bananas and its relationship to 

sustainable production. In  Proc. Workshop organic/environmentally 

friendly banana production.  EARTH. Costarica. 27-29/07/98. Pp 61-78. 

Loquet, M., Bhatnagar, T., Bouche, M. B. and Rouelle, J. 1977. Estimation of the 

ecological influence of earthworms on micro-organisms.  Pedobiologica.17: 

400-417. 

Madhavi, A., MaheswaraPrasad, V. and Girwani, A. 2008. Integrated nutrient 

management in Mango. The Orissa J. Hort. 36: 64-68.  



   

Maheswarappa, H. P., Nanjappa, H. V. and Hedge, M. R. 1999. Influence of organic 

manures on yield of arrow root, soil physic-chemical and biological 

properties when grown as intercrop in coconut garden.  Ann. Agric. Res. 

20:318-323. 

Mahmoud, H. M. and Mahmoud, F. A. F. 1999. Studies on the effect of some 

biofertilizers on growth of p[each seedlings and root rot incidence. Ezyptian 

J. Hort. 26: 7-18. 

Manjunath, V. G., Patil, C. P., Swamy, G. S. K. and patil, P. B. 2001. Effect of VAM 

fungi on growth parameters of papaya cv. Sunset Solo. J. Maharashtra 

Agric. Univ.26: 269-271. 

Manna, M. C. and Ganguli, T. K. 1998. Recycling of organic wastes: its potential, 

turnover and maintenance in soil- A review.  Agric. Rev. 19: 86-104. 

Marathe, R.A. and Bharambe, P.R. 2007. Growth, yield and quality of sweet orange cv. 

Mosanbi in response to INM in vertisols of central India.  Indian J. Hort. 

64:274-277  

Martinez, E., Sanchez, a. Colmenareaus, C. And Casanova, E. (1997). Response of 

banana cv. Giant Cavendish to nitrogen, phosphorus and potassium 

fertilization in a typic ustropepts soil south east of lake Maracaibo. Revista-

de-la-Faculted de Agronomia Universidol del Zulia.  14 : 183-1929 cab 

abstr. 1998/08-2000/07) 



   

Martin-Prevel, P. 1962. Mineral elements in banana plants and fruit bunches. Fruits. 24: 

193-261. 

Marwaha, B.  C. 1995. Biofertilizers-A supplementary source of plant nutrient.  FErt. 

News. 40: 39-50. 

Mba, C. C. 1999. Interaction of Telfairia occidentalis (Fluted pumpkin) with two 

vermicomposts (biofertilizer) in field plots. J. Agri. Tech. Edn. 4: 15-22. 

(AB Abstr. 2000/08-2001/01). 

McGill, W. B. and Cole, C. V. 1981. Comparative aspects of cycling of organic, N, S and 

P through soil organic matter.  Geoderma. 26: 267-286. 

Medhi, B.K., Saikia, A.J., Borah, S.C., Hazarika, T.K. and Barbora, A.C.  2007. 

Integrated use of concentrated organic manures, biofertilizers and inorganic 

NPK on yield , quality and nutrient content of Khasi mandarin (Citrus 

reticulata Blanco). Indian J. Agric. Res., 41: 235-241. 

Menge, J. A., Lahanausskas, C. K. and Johnson, E. L. V. 1980. Effect of two mycorrhizal 

fungi on growth and nutrition of avocado seedlings grown with six fertilizer 

treatments.  J. Amer. Soc. Hort. Sci. 105: 4004. 

Mia, M. A. B., Shamsuddin, Z. H. and M. Mahmood. 2010. Use of plant growth 

promoting bacteria in banana : A new insight for sustainable banana 

production. Int. J. Agric. Biol. 12:459-467. 

 



   

 

Mia, M. A. B., Shamsuddin, Z. H., Wahab, Z. and Marziah, M. 2010a. Effect of plant 

growth promoting rhizobacterial (PGPR) inoculation on growth and 

nitrogen incorporation of tissue-cultured  Musa plantlets under nitrogen-

free hydroponics condition. Australian J. Crop Sci.  4: 85-90. 

Miller, R. W and Donahue, R. L. 1992. Soils: an introduction to Soils and Plant Growth. 

VIth (ed.). Prentice Hall of India, New Delhi. 

Mishra, D. S. and Sinha, A. P. 1998. Plant growth promotion by some biocontrol agents. 

In :  Fifteenth Annual meeting of Indian Phythopathological Society and 

National Symposium on “Present scenario in diseases of oilseeds and 

pulses”,  Aurongabad, Maharashtra, Feb.17-19. 

Monga, P. K., Vij, V. K. and Sharma, J. N. 2004. Effect of N, P and K on the yield and 

fruit quality of Kinnow mandarin.  Indian J. Hort. 61: 302-304. 

Motsara, M. R., Bhattacharya, P. and Srivastava, B. 1995. Biofertilizer- Technology 

Marketing and usage. Fertilizer Development and consultation 

organization, New  Delhi, India.  

Mukharjee, D. and Gaur, A. C. 1980. A study on the influence of straw incorporation on 

soil organic matter maintenance, nutrient release and asymbiotic nitrogen 

fixation.  Zentralblat. Bkt. Abst.  II. 135: 663-668. 



   

Murray, D.M. 1960. The effect of deficiencies of major nutrients on growth and leaf 

analysis of the banana. Trop. Agric. Trin. 37:97-106. 

Nambair, K.K.H and Arbol, I.P. 1989. Long term fertilizer experiments in India- an 

overview. Fert. News. 34: 11-20. 

Nethra, N.N., Jayaprasad, K.V.and Kale Radha, D. 1999. China aster (Callistephus 

chinensis L.Ness) cultivation using vermicompost as organic 

amendment.Crop Res.17:209-215. 

Nirmala, R. and Vadivel, E. and Azakiamanavalan, R. S. 1999. Influence of organic 

manures on fruit characters and yield of cucumber (Cucumis sativus) cv. 

Local.  South Indian Hort. 47: 65-68. 

Onkarayya, H.  and Sukhada, M. 1993. Studies on dependency of citrus rootstocks to 

VAM inoculation.  Adv. Hort. For. 3: 81-91. 

Orellana, R., Valdes, M., Hernandez, O. and Quintero, P.L. 1995. Consecuencias de la 

application exsesiva de fertilizantes minerals en elextado fiscio de los 

suelos. II. Eventero Nacional de Agricultura Organica. La Habana, 

ACAO.17-19 May de 1995. P. 13. 

Pachuau, R. 1994. Physical Geography of Mizoram: Climate. In:  Geography of 

Mizoram, R. T. Enterprise, Aizawl, Mizoram, India. Pp 41-54. 

Panda, S. C., Patra, H., Panda, P. C. and Reddy, G. M. V. 1999. Effect of integrated 

nitrogen on yield and physic- chemical properties of soil.  Crop Res. 18: 25-

28. 



   

Pandey, A. and Singh, K.P. 1998. Vegetable production technology towards producing 

enhancement. National symposium of emerging scenario on vegetable 

research and development held on 12-14 December, 1998 at Varanasi, pp. 

76-84. 

Pandey, V., Kumar, D. and George, S. 2005. Response of micropropagated ‘ Robusta’ 

banana to varying combinations of N, P, K nutrition in lateritic soils of 

coastal Orissa.  Indian J. Hort.  62: 122-126. 

Panse, V. G.  and Sukhatme, P. V. 1985. Statistical Methods for Agricultural Workers. 

ICAR, New Delhi.  

Parr, J. F. and Papendick, R. I. 1978. Factor affecting decomposition of crop residues by 

micro organisms. In: Crop residue management System  (ed. Swchwald, W. R.). 

ASA, CSSSA, USA. Pp.101-129. 

Patel, R. K., Agrawal, S. and Pandey, S. D. 1999. Effect of split application of NPK with 

varying levels of nitrogen and potassium on bunch characters of banana cv. 

Dwarf Cavendish as first ratoon crop.South Indian Hort. 47: 162-163. 

Patel, V. B., Singh, S. K., Asrey, Ram, Nain, Lata, Singh, A. K. and Singh, Laxman 

2009. Microbial and inorganic fertilizers application influenced vegetative 

growth, yield, leaf nutrient status and soil microbial biomass in sweet 

orange cv. Mosambi. Indian J. Hort. 66: 163-168. 



   

Pathak, R. A.,  Singh, B. V. and Ojha, C. M. 1992. Studies on the growth and yield of 

banana cv. ‘Harichal’. In: Symp. Optimization and Productivity and 

Utilization of Banana. Sept., 22-23. P-38.  

Patidar, M. and Mali, A. L. 2001. Integrated nutrient management in sorghum (Sorghum 

bicolor) and its residual effect on wheat (Tritichum aestivum).  Indian J. 

Agric Sci. 71:587-590. 

Patidar, M. and Mali, A. L. 2004. Effect of farmyard manure, fertility levels and 

biofertilizers on growth, yield and quality of  sorghum (Sorghum bicolor).  

Ind. J. Agron. 49: 117-120. 

Patiram and Singh, K. A. 1993. Effect of continuous application of manures and 

nitrogenous fertilizer on some properties of acid-inceptisol. J. Indian Soc. 

Soil Sci.  41: 430-433. 

Patnaik, N. 1987. Soil fertility and fertilizer use. In: Handbook of Agriculture,ICAR, New 

Delhi, pp 213-230. 

Pawar, V. P., Kathmale, D. K. Deshmukh, Z. V. and More, T. A. 1997. Effect of fertilizer 

doses and their application on production of Basrai banana.  J. Maharashtra 

Agric Univ.  22: 166-168. 

Phebe, J. and Babu, P. M. 1999. Effect of organic and inorganic fertilization on quality of 

snake gourd (Trichosanthes anguina L.). Paper presented in Nat. Sem. On 

Participatory approaches for Horticultural Development. 8-9/1/1999, 

Trivandram. 



   

Piper, C. S. 1966.  Soil and plant analysis. 3rd ed. Hase Publ., Bombay, pp.49-54. 

Plenchette, C., Furlan, V. and Fortune, T. A. 1981. Growth stimulation of apple trees in 

unsterilized soil under field conditions with VAM inoculation.  Can. J. Bot.  

59:200-208.  

Prabhakar, A. S., Patil, S. V. and Krishnamurthy, K. 1972. Influence of organic manures, 

ammonical and nitrate nitrogen on the availability of soil and applied 

phosphorus.  J. Indian Soc. Soil. Sci. 20: 413-415. 

Prabhu, T., Ismail, S., Sanjindranath, A. K. and Savithri, R. 2002. Effecet of Integrated 

Nutrient Management on yield, dry matter and nutrient content in Okra. The 

Orissa Journal of Horticulture. 30:52-56. 

Prabhuram, R. and Sathiamoorthy, S. 1993. Effect of organic manures on duration of 

crooping in banana.  South Indian Hort. 41:370-371. 

Prakash, A. and McGregor, D. J. 1983. Environmental and human health significance of 

humic materials : An overview. In :  Aquatic and Terrestrial humic 

materials.  (Eds. Christman, R. F. and Gjessing, E. T.). pp. 481-494. 

Prasad, B. and Singh, A. B. 1980. Changes in soil properties with long term use of 

fertilizers, lime and FYM.  J. Indian. Soc. Soil Sci.   28 : 465-468. 

 

 

 



   

 

Preethi, T., Pappaih, C. M. and Anbu, S. 1999. Studies on the effect of  Azospirillum sp., 

nitrogen and ascorbic acid on the growth and flowering of Edward Rose ( 

Rosa bourboniana  Desp.).  South Indian Hort.  47(1-6): 106-110. 

Purseglove, J.W.C.1976. Tropical Crops: Monocotyledons. Longmans, N.Y., pp.273-283. 

Puspa, J. Mercy, G. Wahid, P. A. and Kamalam, N. V. 1995. Dynamics of phosphorous 

mineralization from 32 P labeled green manure.  J. Nuclear Agric. Biol. 24: 

158-162. 

Radford, P.J. 1967.  Growth analysis formulae, their use and misuse.  Crop Sci., 7:171-

175. 

Raghupati, H. B., Srinivas, K., Reddy, B. M. C. and Padma, P. 2000. Concentration and 

distribution of primary nutrients in banana under fertigation. Indian J. 

Hort.57: 236-239. 

Rai, M. M. 1977.  Principles of soil science.  McMilan India Ltd. Madras, pp. 202. 

Rajkhowa, D.J., Gogoi, A.K.,  Kandali, R. and Rajkhowa, K.M. 2000. Effect of 

vermicompost on green gram nutrition.  J. Ind. Soc. Soil  Sci.,  48:207-208. 

Raman, N. V., Sadasivan, R. and Subramanian, T. M. 1971. A note on the refrigerated 

storage of Robusta and Dwarf Cavendish banana.  South Indian Hort.  19 : 

78-79. 

 



   

 

Rana, R. K.  and Chandal, J. S. 2003. Effect of biofertilizers and nitrogen on growth, 

yield and fruit quality of strawberry.  Prog. Hort. 35: 25-30. 

Rangana, S. 1986. Handbook of analysis and quality control for fruits and vegetable 

products.  Tata McGraw Hill Publ. Co. Ltd. New Delhi. 

Rangaswami, G. and Bhagyaraj, D. J. 1993. Microorganism in soil aggregation. In:  

Agric. Microbiology.  Prentice Hall of India, New Delhi. Pp.254-255. 

 Ranjan, K. T. and Ghosh, S. N. 2005. Effect of nitrogen levels on yield, fruit quality and 

foliar NPK status of aonla grown on laterite soil.  Indian J. Hort. 62: 394-

395. 

Rathi, D.S. and Bist, L.D. 2004. Inorganic fertilization through use of organic 

supplements in low chill pear cv. Pant pear-18. Indian J.Hort. 62: 394-395.  

Ray, P. K. Singh, A. K. and Kumar, A. 2008. Performance of Pusa delicious papaya 

under organic farming. Indian J. Hort. 65:  

Reddy Gopal, B. and Reddy Swaminarayanan, M. 1998. Effect of organic manures and 

nitrogen levels of soil available nutrient status in maize-soybean cropping 

system.  J. Ind. Soc. Soil Sci. 46: 474-476. 

 

 

 



   

 

Romero, J.O. 1998.Organic fertilizers and their application in banana cropping.Proc. 

organic environment friendly banana production. Costa Rica.27-

29/07/98.pp.79-85. 

Roy, P.K. and Yadav, J.P. 1996. Effect of combined use of organic manures and 

chemical fertilizers on growth and productivity of banana. Ann. Agric. Res. 

17: 366-369. 

Roy, R. N. and Braun, H. 1987. Development of integrated plant nutrition system. In: 

Proc. FAI Seminar on fertility Industry Challenges and Strategies, New 

Delhi. S-IV/2/ 1-2. 

Ruiz, L. 1997. Use of Mycorrhiza, phosphorine and  azotobacter  as biostimulants of 

growth invitro plants of banana ( Musa spp.) Agrotecenia de Cuba.  27:104-

106. 

Ruiz, M. L., Medero, V. V. and Garcia, G. M. 1992. Biofertilizers, an alternative for the 

fertilization of food crops in Cuba.  Musarama. 11:15. 

Rupnawar, B. S. and Novale, A. M. 2000. Effect of VAM inoculation on growth of 

pomegranate layers.  J. Maharastra Agric. Univ.  25: 44-46. 

Saha, N., Das, A. C. and Mukharjee, D. 1995. Effect of decomposition of organic matter 

on the activities of microorganisms and availability of nitrogen, phosphorus 

and sulphur in soil.  J. Ind. Soc. Soil Sci. 43: 210-215. 



   

Saikia, A. J., Hazarika, N., Barbora, A. C. and Borah, S. C. 2005. Effect of NPK levels 

on growth and development of Khasi mandarin (  Citrus reticulata  Blanco) 

seedlings at nursery stage. Crop Res. 29: 265-267.  

Sangeetha, V. and Thevanathan, R. 2010. Biofertilizer potential of traditional and 

panchagavya amended with Seaweed extract. The J. Amer. Sci. 6:61-67. 

Sansavini, S. 1997. Integrated fruit production in Europe: research and strategies for a 

sustainable industry. Scientia Hort. 50:153-158. 

Santhy, P., Muthuvel, P., Muruappan, V and Selvi, D. 1998.Long term effects of 

continuous cropping and fertilization on crop yields and soil fertility status.  J. 

Indian Soc. Soil Sci.  46: 391-395. 

Santhy, P. Velusamy, M. S., Murugappan, V. and Selvi, D. 1999. Effect of inorganic 

fertilizers and fertilizer manure combination on soil physico-chemical 

properties and dynamics of microbial biomass in an inceptisol. J. Indian 

Soc. Soil. Sci. 47:479-482. 

Sanwal, S. K., Laxminarayana, K., Yadav, R. K., Rai, N., Yadav, D. S. and Bhuyan, M. 

2007. Effect of organic manures on soil fertility, growth, physiology, yield 

and quality of turmeric.  Indian J. Hort. 64: 444-449. 

 

 

 

 



   

 

Sarkar, A. R., Mathur, B. S. and Sharma, A. 1996. Improving fertilizer use for sustaining 

high crop yield in red and lateritic soils of Eastern India.  Fert. News 41: 31-37. 

Sarvanan, A., Velu, V. and ramanathan, K.M. 1986. Utilization of chemical sources of 

organic and inorganic nitrogen for rice. Oryza 23:213-16. 

Satchell, J.E. 1958. Earthworms and soil fertility. Soils and Fertil.21:209-219. 

Satyanarayan, M. 1990. Effect of in situ green manuring and mulching on performance of 

banana. Banana Newsletter. No.  13: 30. 

Sauer, A. 1952 . In : Fruits of India Tropical and Subtropical. Bose, T.K.(ed.) Naya 

Prakash, Calcutta. P. 125. 

Schnitzer, M. 1991. Soil organic matter: the next 75 years.  Soil Sci. 151: 41-58. 

Sen, S. P. and Patil, P. 1988. Biofertilizers- Potentialities and Problems.  Plant Physiol. 

Forum. Pp. 262. 

Senapati, H. K., Pal, A. K. and Samant, P. K. 2005. Effect of chemical fertilizer, organic 

manure, lime and biofertilizer on yield of turmeric (Curcuma longa). Indian 

J. Agric. Sci. 75: 593-595. 

Shaban, A. E. A. and Mohsen, A. T. 2009. Response of citrus rootstocks and Transplants 

to Biofertilizers.  J. Hort. Sci. Orna. Plants. 1: 39-48. 

Sharma, A.,  Kher, R., Wali, V. K. and Bakshi, P. 2009. Effect of biofertilizers and 

organic manures on physico-chemical characteristics and soil nutrient  



   

 

composition of Guava (Psidium guajava L.) cv. Sardar. Journal of Research, 

SKUAST –J.  8:150-156. 

Sharma, A. R. and Mitra, B. N. 1987. Effect of combination of organic manures and 

nitrogeneous fertilizers on growth, yield and nitrogen uptake of rice.  J. 

Agric. Sci. U. K. 11: 249-252. 

Sharma, H. R. 1994. Environmental friendly input fertilizers.  Haryana farming. 24: 11. 

Sharma, R.  2002. Effect of nitrogen sources on growth, yield and quality of banana cv. 

Barjahaji. (Musa AAA group, Cavendish sub-group), Ph. D thesis, 

submitted to Assam Agricultural University, Jorhat. 

Sharma, R. A. 1999. Management of crop residue and farm yard manure for sustainable 

productivity of rainfed soybean and safflower and soil health under rainfed 

conditions.  Crop Res. 18: 370-374.  

Sharma, R. and Singh, U. 2004. FYM based  Trichoderma harzianum formulations on 

their role in plant growth promotion.  Adv. Plant Sci. 17: 557-560. 

Shirsath, K. S., Wani, P. V. and Konde, B. K. 1998. Development and performance of 

mycorrhizal seedlings in Ber ( Zizyphus mauritiana L.). J. Maharastra 

Agric. Univ. 23:4-6. 

Simmonds, N.W. 1953. The development of banana fruit.  J. Exp. Bot. 4:87-105. 

Simmonds, N.W.1962. The Evolution of Banana. Longmans, London. 



   

Simmonds, N.W. 1966. Bananas. Longmans. 1st Edn. Pp.80. 

Singh, A. and Singh, S. P. 2004. Response of banana ( Musa spp) to VAM and varied 

levels of inorganic fertilizers.  Indian J. Hort.  61: 109-113. 

Singh, Akath and Singh, J. N. 2009. Effect of Biofertilizers and bioregulators on growth, 

yield and nutrient status of strawberry cv. Sweet Charlie.  Indian J. Hort.  

66: 220-224. 

Singh, C., Bhagat, B. K. and Roy, R. N. 1996. Effect of fertilizers, oil cake and auxin on 

growth, yield and quality of banana. Proc. Confr. Challenges for Banana 

production and Utilization in 21st century, NRC on Banana, Trichy, India, 

pp. 338-339. 

Singh, C., Saxena, S. K. Goswami, A. M. and Sharma, R. R. 2000. Effect of biofertilizers 

on growth, yield and quality of  sweet orange ( Citrus sinensis) cv. 

Mosambi.  Indian J. Hort. 57: 114-117. 

Singh, C. and Sharma, B. B. 1993. Leaf nutrient composition of sweet orange as affected 

by combined use of bio and chemical fertilizer.  South Indian Hort. 41:131-

134.  

Singh, D. B. and Suryanarayana, M. A.1999. Response of Cavendish banana to different 

nitrogen levels and their split application.  J. appl. Hort.1: 122-124. 

Singh , G.B. and Yadav, D.U. 1992. INSS in sugarcane based cropping system. Fert. 

News 37:15-22. 



   

Singh, H.P. and Uma, S 1996. Introduction In : Banana cultivation in India . Rai, A.N. 

(ed.) Directorate of Extension Education, Ministry of Agriculture, Govt. of 

India. 

Singh, H.P. and Uma, S 1997. Banana: Food and Fruit Crops. Indian J.  Hort. 42: 18-28. 

Singh, K., Gill, I. S. and Verma, O. P. 1970. Studies on poultry manure in relation to 

vegetable production, I- Cauliflower.  Indian J. Hort. 27: 42-47. 

Singh, O. P. and Datta, B. 1989. Mophology, physical and physic-chemical properties of 

hill soils of Mizoram in relation to altitude.  Indian J. Hill Farming 2:9-10. 

Singh, R. K., Pathak, R. K. and Ghosh, A. K. 1979. Effect of different forms of manures 

on growth and yield of banana var. malbhog.  Rajendra Agril. Univ. J. Res. 

11:19-20. 

Sivasankar, A., Bausal, K. C., and Abrol, Y. P.1993. Nitrtogen in relation to leaf area 

development and photosynthesis. In:  Nitrogen- Soils, Physiology, 

Biochemistry, Microbiology, Genetics  (ed. Abrol, T. P.). Nat. Acad. Sci., 

New Delhi. Pp. 75-84. 

Smith, B. L. 1998. Microorganisms in soil benefit growth and yield of bananas. 

Neltropika Bull. No. 299.pp.22-25(CAB Abstr.1998/08-2000/07). 

Soils, B. P. and Lopez, M. A. 1992. Copper accumulation in soils dedicated to banana 

cultivation in the south pacific zone of Costa Rica. II. Correction with 

organic manures. CORBANA-Revista. 16: 19-25. 



   

Spiden, H.J.1926. Banana and its culture. In: Fruits of India: Tropical and subtropical 

ed. Bose, T.K., 1985, Naya Prakash, Calcutta,p.125. 

Sreenivas, C., Muralidhar, S. and Singa Rao, M. 2000. Vermicompost : A viable 

components of IPNSS in nitrogen nutrition of Ridge gourd.  Ann. Agric. 

Res. 21:108-113. 

Srikanth, K., Srinivasamurthy, C. A., Siddaramappa, R. and Ramaurishnaparama, V. R. 

2000. Direct and residual effect of enriched composts, FYM, vermicompost 

and fertilizers on properties of an Alfisol.  J. Ind. Soc. Soil. Sci.48: 496-499. 

Srivastava, P. 1998. Integrated nutrient management for sustained fertility of soil. Indian 

J. Agric. Chem. XXXI:1-12. 

Steer, B. T. and Hockin, R. J. 1983. Leaf and floret production in sunflower as affected 

by nitrogen supply.  Ann. Bot. 52: 267-277. 

Stevenson, F. J. 1967. In Soil Biochemistry. (eds. Maclaren, A. D. and Pelerson, G. H.) 

Marsel Dekkan Inc. New York. Pp 119. 

Subba Rao,  N. S. 1982. Azotobacter Inoculant. In: Biofertilizer in Agriculture. Oxford 

and IBH Publ. New Delhi. Pp. 79-91. 

Sukhada, M. 1996. Biofertilizer in Banana planataion. In : Proc. Confr. On Challenges 

for Banana production and utilization in 21st century.  NRC on banana, 

Trichy, India. 24-25/09/1996.pp.283-287. 



   

Summer, M. E. 1990. Crop response to Azospirillum  inoculation. Adv. Soil Sci. 12: 53-

123. 

Suresh, C. P. and Hasan, M. A. 2001. Studies on response of Dwarf Cavendish banana to 

biofertilizer inoculation.  Hort. J. 14: 35-41. 

Sutopo, G. N. and Kuwatsuka, S. 1990. Concurrent observation of several process of 

nitrogen metabolism in soil amended with organic materials-II.  Soil Sci. 

Plant Nutr. 36:215-224. 

Sutopo, G. N. and Kuwatsuka, S. 1992.  Concurrent observation of several process of 

nitrogen metabolism in soil amended with organic materials.  Soil Sci. Plant 

Nutr. 16:275-281. 

Swaminathan, M.S.1996. Integrated natural resources management-key to sustainable 

advances in agricultural productivity. Sci and Cult. 65:115-123.  

Swennen, R. (1990) Plantain cultivation under West African conditions. A  reference 

manual, IITA. Nigeria. 

Talashilkar, S. C. and Vimal, O. P. 1986. City Solid waste.  J. Ind. Soc. Soil Sci.  34: 780. 

Tandon, H.L.S.1991. Fertilizer equivalent on farm yard manure, green manure and 

biofertilizers. Fert News. 36 :69-79. 

Tarai, R.  and Ghosh, S. N. 2006. Integrated nutrient management in sweet orange cv. 

Mosambi (Citrus reticulata Osbeck) grown under rainfed laterite soil. The 

Orissa J. Hort. 34: 72-75. 



   

Thangaselvabai, Justin, C. G. L., Nirmal Johnson, S. B. and Jayasekhar, M. 2009. 

Influence of nutrients on the quantitative and qualitative traits of banana. 

Indian J. Agric. Res.  43: 274-278. 

Thomas, P., Dulal, W.B., Pushpa, M.C. and Amla, B.L. 1968. Harvesting, handling and 

transportation of bananas for export from India. Indian Food Packer. 22:16-

21. 

Thompson, L. M., Black, C. A. and Zoelluer, J. A. 1954. Occurance and mineralization 

of organic P in soil with particular reference to association with N, C and 

pH.  Soil Sci. 77: 185-196. 

Tilak, K. V. B. R. and Singh, G. 1994. Biofertilizer Reserarch: gaps and future needs.  

Fert. News. 39: 11-17. 

Tiwari D.K., Hasan,M.A.and Chottopadhay,P.K.1998. Studies on the effect of 

inoculation with Azotobacter and Azospirillum on growth, yield and quality 

of banana. Indian Agriculturist 42: 235-240. 

Tiwari D.K., Hasan,M.A.and Chottopadhay,P.K. 1999. Effect of biofertilizers on soil 

nutrient status and microbial population in banana (Musa AAA sub group 

Cavendish, cv. Giant Governor) plantation. Environ. Ecol., 17: 338-341. 

Tiwari, D. K., Hassan, M. A. and Chattopadhay, P. K. 1999a. Leaf nutrient and 

chrolophyll content in banana (Musa AAA) under the influence of 

Azotobacter and Azospirillum  inoculation. Environment and Ecology. 17. 

346-350. 



   

Tiwari,V.N., Lekhri, L. K., Tiwari, K. N. and Upadhyay, R. M. 2001. Integrated nitrogen 

management through natural green manuring under wheat-mung bean 

cropping sequences. .  J. Ind. Soc. Soil. Sci. 49: 271-275. 

Turner, D. W. 1981. Crop physiology of bananas-quo vadis.  Madras Agril. J.   68 : 73-

84. 

Turner, D. W. and Bull, J. H. 1970. Some fertilizer problems with banana. Agric. Gaz. N. 

S. W. 81: 365-367. 

Umar, I., Wali, V. K., Kher, R. and Jamwal, M.2009. Effect of FYM, urea and 

Azotobacter on growth, yield and Quality of Strawberry cv. Chandler. Not. 

Bot. Hort. Agrobot.Cluj  37: 139-143. 

Umar, I., Wali, V. K., Kher, R. and Sharma, Akash 2008. Impact of Integrated Nutrient 

Management on Strawberry yield and soil nutrient status.  Applied 

Biological Research 10: 22-25. 

Ushakumari, K., Prabhakumari, P. and Padmaja, P. 1997. Efficiency of vermicompost on 

yield and quality of banana (AB) cv. Njalipoovan.  South Indian Hort.  45: 

158-160. 

Vandanashiva 1992. The violence of green revolution. The other India Press, Mapusa-

403507, Goa, India, pp.264.  

  Vargas, A. 1998. Banana and plantain cultivation in the presence and absence of green 

cover crop (Arachis pintoi CIAT-18748). CORBANA Rep.22 pp. 23-39: 

(CAB Abstr. 1998/08-2000/07). 



   

Vargas, R. 1992. Evaluation of the rate of mineralization of organic matter in banana 

plantation soils and the effect on nutrient recovery. CORBANA Ann. Rep. 

Costa Rica., pp.53-57: (Musa Doc. 1999). 

Varshney, S. 1997. Rhizosphere competence and biocontrol potential of some isolators of  

Pseudomonas fluorescence, Trichoderma harzianum and compatibility with 

VAM on the growth of tomato. M. Sc.(Agri) Thesis. G. B. Pant University 

of Agric. & tech., Pantnagar, India. P. 189.  

Vasanthi, D. and Kumarswamy, K. 1999. Efficacy of vermicompost to improve soil 

fertility and rice yield.  J. Indian Soc. Soil Sci.   47: 268-272. 

Venkatesan, C., Venkata Reddy, K. and Rangacharlu, V. S. 1965. Studies on the effects 

of nitrogen, phosphoric acid and potash fertilization on growth and yield of 

banana.  Indian J. Hort.  22:175-184. 

Vijayaraghavan, H. and Ramchandran, T. K. 1991. Effect of  in situ  cultivation and 

incorporation of green manure crops on yield of coconut.  Cocos. 7: 26-29. 

Walkley, A. and Black, I.A. 1934. An estimation of the Degtjareff method for 

determination soil organic matter and a proposed modification on the 

cromic acid titration method. Soil Sci., 34:29-38. 

Wang, S. S. 1996. Response of strawberry to combined application of diazotophos and 

fertilizer nitrogen.  J. Soil Crops.  6: 100-101. 



   

Wang, S. S., Patil, M. T. and Singh, B. R. 1998. Cultivar X biofertilizer interaction study 

in strawberry.  Recent Hort. 4: 43-44. 

Wani, S. P.1990. Inoculation with association nitrogen fixing bacteria: Role in cereal 

grain production improvement.  Indian J. Microbial. 30:366-393. 

Wardlaw, C. W. 1972. Banana disease. Longman, London. 

Weda, K., Kabyashri, N. and Takahashi 1988. Effect of chromate and organic 

anmmendments on the composition and activity of microorganisms flora in 

soil.  Soil Sci. Pl. Nutr. 34: 233-240. 

Wilde, S. A. 1989. Forest Soils and Forest Growth. Madison, Wisconsin. 

Williams, J.E. 1946 The physiology of plant growth with special reference to the concept 

of net assimilation rate. Ann. Bot. 60:61-72. 

Woese, K, Lange, D., Boess, C and Bogi, K.W. 1997. A comparision of organically and 

conventionally grown foods- result of a review of the relevant literature.  J. 

Sci Food Agric.  74:281-291. 

Yaduvanshi, H. S., Tripathy, B. R. and Kunwar, R. S. 1985. Effect of continuous 

manuring on some soil properties of an Alfisol. J. Ind. Soc. Soil Sci.33: 

700-703.  

 

 



   

Appendix- I  
DETAILS OF ECONOMICS OF CULTIVATION  PER HECTARE ( In Rs.) 

Cultivar : Grand Naine    Plant Population : 3086      Spacing: 1.8 m X 1.8 m, wages: Rs 150 per manday.  
Items Treatments 

 T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 
I. Preparatory cost            

Preparatory cultivation 
including Cleaning,  
Ploughing and harrowing 3 
times 

15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 

Digging of pits @ Rs 1000 per 
100 pits  

30860.00  30860.00 30860.00 30860.00 30860.00 30860.00 30860.00 30860.00 30860.00 30860.00 30860.00 

Cost of seedlings   61720.00 617200.00 617200.00 617200.00 617200.00 617200.00 617200.00 617200.00 617200.00 617200.00 617200.00 
 

Filling up of pits and planting 
of seedlings  (60 mandays) 

 10800.00 10800.00 10800.00 10800.00 10800.00 10800.00 10800.00 10800.00 10800.00 10800.00 10800.00 

II. Manuring            
Cost of FYM @ 15 kg / plant 
@ Rs 500/t 

- 23145.00 - 23145.00 23145.00 23145.00 23145.00 23145.00 23145.00 17358.75 11572.50 

Vermicompost @ 2 kg/plant - - 49376.00 - - - - - - - - 
Urea @ 434 g /plant -     6696.62     6696.62     6696.62     6696.62     6696.62     6696.62     6696.62 6696.62 5022.46 3348.31 

 
SSP @ 625 g/plant - 7715.00 7715.00 7715.00 7715.00 7715.00 7715.00 7715.00 7715.00 5786.25 3857.50 

 
MOP @ 501 g/plant - 7730.43 7730.43 7730.43 7730.43 7730.43 7730.43 7730.43 7730.43 5797.82 3865.21 

 
Biofertlizers  @ 50 g/plant   - - - 6172.00 - 6172.00 6172.00 18516.00 24688.00 24688.00 24688.00 
Bioagents @ 50 g/plant - - - - 6172.00    

 
   

Application of fertilizer 3 times 
(15 md) 

- 2250.00 2250.00 2250.00 2250.00 2250.00 2250.00 2250.00 2250.00 2250.00 2250.00 
 

 
 



   

 III. Intercultural 
operations 

           

 Irrigation, earthing up, 
weedings, desuckering, 
propping, spray of  

 chemicals  (100 md) 

15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 15000.00 

 Cost of propping materials 
@ Rs 15/post of bamboo 

46290.00 46290.00 46290.00 46290.00 46290.00 46290.00 46290.00 46290.00 46290.00 46290.00 46290.00 

IV. Plant protection 
chemicals  
Ekalux @ Rs 420/lit 
Bavistin @ Rs 630/ kg 

 
 

 840.00 
1260.00 

 
 

840.00 
1260.00 

 
 

 840.00 
1260.00 

 
 

840.00 
1260.00 

 
 

 840.00 
1260.00 

 
 

840.00 
1260.00 

 
 

 840.00 
1260.00 

 
 

840.00 
1260.00 

 
 

 840.00 
1260.00 

 
 

840.00 
1260.00 

 
 

 840.00 
1260.00 

 V. Harvesting and 
carrying    ( 50 md) 

7500.00 7500.00 7500.00 7500.00 7500.00 7500.00 7500.00 7500.00 7500.00 7500.00 7500.00 

Total expenditure 189270.00 236807.05 263038.05 242979.05 242979.05 242979.05 242979.05 255323.05 261495.05 250173.28 238851.52 
 

Miscellaneous cost (1% of  
total expenditure) 

1892.10 2368.07 2630.38 2429.79 2429.79 2429.79 2429.79 2553.23 2614.95 2501.73 2388.51 

Grosss expenditure 191162.10 239175.12 265668.43 245408.84 245408.84 245408.84 245408.84 257876.28 264110.00 252675.01 241240.03 
 

 Yield (t/ha) 40.33 54.11 55.96 56.78 60.48 60.69 61.10 59.81 75.35 69.10 
 

63.06 

Return @Rs 15000/t 604950.00 811650.00 839400.00 851700.00   907200.00  910350.00 916500.00  897150.00   1130250.000  1036500.00 
 

 945900.00 

Sucker production per 
hectare  

13979.58 16664.40 17898.80 18299.98 19966.42 20151.58 20768.78 20367.60 24904.02 23854.78 22219.20 

Return @ Rs 10/ sucker 139795.80 166640.00 178988.00 182999.80 199664.20 201515.80 207687.80 203676.00 249040.20 238547.80 222192.00 
 

Gross Income (Rs.) 744745.80 978290.00 1018388.00 1034699.80 1106864.20 1111865.801124187.80 1100826.00 1379290.20 1275047.80 1168092.00 
 

Net income 553583.70 739114.88 752719.57 789290.96 861455.36 866456.96 878778.96 842949.72 1115180.20 1022372.79 926851.97 
 

Cost :benefit  ratio 2.89 3.09 2.83 3.21 3.51 3.53 3.58 3.26 4.22 4.05 3.84 
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