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CHAPTER - I 

±Jn.hi:^ocLLLcitLorx 

Among the commercially grown flowers in India, 

tuberose [Polianthes tuberosa Linn) occupy a prime position 

because of its potential for the cut flower trade as well as for the 

essential oil industry. Tuberose, commonly known as 

"Rajnigandha", is a bulbous, perennial, commercial plant and 

belongs to family Amaryllidaceae. Among the ornamental plants, 

tuberose is valued much higher by the aesthetic world for beauty 

and fragrance of their flowers. It is very popular among the 

flower growers due to its sweet fragrance and longer keeping 

quality of flower spikes (Banker and Mukhopadhyay, 1990). 

Tuberose is native of Mexico from where it spread to different 

parts of the world during 16^^ century. The name polianthes was 

given to the tuberose by Linnaeus in 1737 in his Genera 

Plantarum. The name tuberosa is derived from ' tuberose ' as this 

plant being tuberous hyacinth as distinguished from bulbous 

hyacinth. The name therefore is tuber ose and not tuberose. 

Tuberose is not found wild any where in Mexico or in the Andes 
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region of South America. If it is considered as Mexican species, 

it is supposed to have originated from Polianthes gracilis Link 

and Otto. 

. Tuberose is cultivated on larger scale in many par ts of 

tropical and subtropical countries such as France, Italy, South 

Africa, North Carolina, Southern State of America and India. In 

India, the commercial cultivation of tuberose is confined mainly 

to Karnataka, West Bengal, Tamil Nadu, Maharashtra and 

Andhra Pradesh. However, it is well adapted to the North Indian 

conditions and grows well in limited scale in Uttar Pradesh, 

Punjab, Rajasthan, Haryana and its cultivation is increasing in 

Haryana day by day. At present the total area under tuberose 

cultivation in the country is estimated to be about 20000 

hectares (Yadav and Maiti, 1989), while in Haryana total area 

under tuberose is 150 hectares with production of 150 lacs 

spikes (Singh, 1997) and specially restricted to Ambala, 

Gurgaon, Faridabad and Hisar. 

The tuberose has a great economic importance for cut 

flower trade and essential oil industry (Sadhu and Bose, 1973). 

Apart from out door cultivation as a successful economic crop 

with immense potentiality for export, it is also grown in pots, 

beds and borders for becautification and to enhance and modify 

the atmosphere of surrounding places like home, gardens, parks 

and public places with its sweet pleasant fragrance. Tuberose 
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spikes are useful as cut flowers for preparation of bouquets and 

for interior decoration particularly for table decoration in bowl 

and vases which are gaining popularity in our country due to 

urbanization and tourism. Its loose flowers are used for 

preparing artistic garlands, venis and ornaments for bridal make 

up and for other floral ornaments. The flower fragrance 

constitute the source of tuberose oil which remains as one of the 

expensive raw materials for the perfumes industry. The genus 

Polianthes is characterized by twin flowers, born on terminal 

spike and are arranged in pair at each node. There are 15 to 20 

pairs in a spike. The flowers have a funnel shaped, waxy white 

perianth emitting a strong fragrance in air and transform the 

entire area into a nectarine and joyous one because of their 

lingering delightful fragrance. The leaves are long narrow, linear 

grass like and light green in colour. The crop is propagated by 

bulblets and bulbs which are made up of scales and leaf bases. 

The stem is condensed structure and concealed with in the 

scales. Roots are adventitious and shallow. There are several 

varieties in tuberose named on the basis of number of petals, 

type of variation in the leaves, coloration and size of flowers, etc. 

The flowers are in high demand both in national and 

international market. To meet this continuous increasing 

demand the need of our is to increase the productivity of the 
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flowers with the improvement in growth, flowering and yield of 

spikes and bulbs either by adopting cultural practices. 

Tuberose planting is made under various spacing 

depend upon region to region. On the other hand, the sowing of 

tuberose crop at different spacing has its own significance. So, 

there is need to work out spacing effect in tuberose. 

The growth, flowering and yield depend upon fertilizer 

and other cultural practices. Due to high price of various 

fertilizers, its cultivation become unaffordable to use balanced 

fertilizers by growers. On the other hand, the unbalanced and 

continuous use of chemical fertilizers is making adverse effect 

on soil fertility, which will reduce flower yield, quality and vase 

life. Previous experiences clearly indicated that no single source 

of input can meet the twin challenge to maintain higher 

productivity with sustained environmental quality. At this stage, 

it is necessary to popularize 'Integrated Plant Nutrient Supply 

System (IPNS) which involve the combined use of different 

sources of nutr ients such as chemical fertilizers, organic 

manures and biofertilizers, where biofertilizer can supplement 

the use of chemical fertilizers considerably. 

In recent years biofertilizers alone and in combination 

with chemical fertilizers have been used and found effective in 

improving growth of various ornamental and fruit crops. So for 

no work has been conducted to ascertain the efficacy of 
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biofertilizers on tuberose hence, keeping in view the importance 

and scope, the present study on the effect of nitrogen, plant 

geometry and biofertilizers on growth, flowering and bulb 

production in tuberose cutlivar Double was planned with the 

following objectives: 

1. To study the effect of nitrogen, plant geometry and 

biofertilizers on growth, flowering and bulb production of 

tuberose. 

2. To study the effect on mineral composition of leaves. 



CHAPTER - II 

^z/\E:.(srL^aLT of / Lh^^CLhtL^E^ 

L Soil contains a variety of fungi and other micro 

organisms. Some of these are pathogens and harmful to plant 

growth, whereas others are beneficial to the plants . Such group 

of beneficial micro-organism includes Azotohacter, Phosphorus 

Solubilizing Bacteria (PSB) and Azospirillum. Azotohacter is a free 

living diazotroph, produces growth regulators, " antifungal 

substances and fixes nitrogen J Phosphon/s Solubilizing Bacteria 

(PSB) containing mainly Pseudomonas, Bacillus and Aspergillus 

etc. have ability to solubilize insoluble phosphorus to the soluble 

form by production of organic' acids and then making it available 

to the plants, ^ h e r e a s Azospirillum is a free-living nitrogen fixer 

and occurs in association with roots of almost all plants of 

agricultural importance. This culture is prepared by using highly 

efficient nitrogen fixing strain of the organism. / 

Sukhda Mohandas (1999) suggested that biofertilizers 

are microorganisms which are capable of mobilizing nutritive 

elements from non-available form to usable form through 
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biological process. They are cost effective and inexpensive source 

of plant nutr ients , do not require non-renewable source of 

energy during their production, improve crop growth and quality 

of the product by producing plant hormones, help in sustainable 

crop production through maintenance of soil productivity. They 

are useful, as biological agents, since they control many plant 

pathogen and harmful micro-organisms. The similar findings 

regarding biofertilizers have also been expressed by other 

workers (Gaur et al, 1980; Tilak et al. 1982; Subba Rao et al. 

1983; Hernandez and Hill, 1983; Bongale and Nadiger, 1989; 

Pactovsky et al. 1985 and Sardana, 1997). 

The beneficial rate of bio-fertilizers were also 

highlighted by Bhattacharya and Mishra (1994). They have 

expressed that the bio-fertilizers can also be found beneficial in 

crops and ornamental plants like Rose, Jasmine, 
t(n. t.4i^"' 

Chrysanthemum^ Marigold, Dahlia, Aster, Poppy, Tuberose, 

Gladiolus and Lilies due, to better root development, floral stalk 

production etc. When inoculated with biofertilizers. Several 

workers have worked on various crops of ornamental importance 

as Rhododendron (Moore and Englander, 1982), Tuberose 

(Ailincai, 1950; Wang et al., 1995), Chrysanthemum (Johnson et 

al, 1982), Arum (Wedding et al, 1978), Easter lily (Ames and 

Linderman, 1977 and 1978), Marigold (Plenchette et al, 1983; 

Bagyaraj and Powell, 1985), Petunia (Daft and Okusanya, 1973), 
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Poinsettias (Barrows and Roncadori, 1977), Magnolia and 

Junipers (Maronek et ah, 1980), Woody ornamental (Crew et al, 

1978), Aster (Kulkarni and Konde, 1990), Poppy (Chakraborti 

and Yadav, 1991) Gerbera. Syngonium (Wang et al, 1993; 

Shashikala e ta l . , 1999).y 

The work done on Azotobacter, Phosphorus Solubilizing 

Bacteria (PSB), Azospirillum, Nutrients and Plant Geometry 

(Spacing) role in relation to plant growth, nutr ient uptake etc. is 

being depicted separately. 

2.1 Azotobacter^ i ts role in plant growth and nutrition 

Azotobacter is a free living organism on which 

extensive studies have been carried out. It not only fixes 

atmospheric nitrogen but also produces growth promoting 

substances and is known to suppress root pathogens (Tilak, 

1993). 

Effect of Azotobacter, application in crops can be 

enhanced by use of organic inputs like well decomposed FYM, 

compost, wormy compost, biogas slurry etc. 

Brakel and Hilger (1965) found that Azotobacter 

.- , in plants produced lAA (Indole-3-acetic acid) in 

tryptophan added medium. A gibberellin like substance in old 

culture was detected (Margaret and Burlingham, 1968 and 

Azcon and Barea, 1975). 
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Brown (1974) suggested possible mechanism for 

action of Azotobacter, includes nitrogen fixation, defence of plant 

against pathogen and production of plant growth substance. Rao 

(1975) described the properties of Azotohacter to be considered 

responsible for their beneficial role: 

(i) Produce vitamins and growth substance for 

enhancement of seed germination which was supported 

by various workers (Sundara Rao et al., 1963; Shende et 

al, 1973, 1977 and Narula et al, 1981). 

(ii) Production of lAA, auxins, gibberellins and cytokinins 

which enhance root growth and thereby help the plant in 

nutr ient absorption (Lee et al., 1970; Matimoud et al, 

1984; Martin et al, 1988 and Martinez-Toledo et al, 

1988). 

(iii) Inhibition of phytopathogenic fungi through antifungal 

substances (Sharma etal, 1986). 

(iv) Production of sidophores which solubilize Fe3+ and 

suppress plant pathogens through iron deprivation 

(Page, 1987 and Suneja and Lakshminarayan, 1993). 

Verma and Bhattacharya (1990) explained the mode of 

nitrogen fixing by Azotohacter sp. These microorganisms contain 

'nif gene, which regulate the activity of nitrogenase enzyme, 

capable of combining elemental nitrogen with other elements like 

carbon, hydrogen and oxygen at ambient temperature and 



pressure by using ATP as energy source. This combined nitrogen 

is further converted into assimiable form with respect to need of 

organisms which are subsequently utilized by plants . Biological 

nitrogen fixation being enzymatic biological process, there is low 

energy requirement which is met by nature."] 

oi and Shinde (1976) observed significant increase in 

growth (plant height, number of leaves) of onion when inoculated 

by Azotobacter. Bagyaraj and Menge (1978) reported an increase 

in root and shoot dry weight in tomato inoculated with 

Azotobacter in sterilized and unsterilized soil than in 

uninoculated soil. 

A significant increase in plant growth parameters 

have also been reported in rice, cabbage and brinjal with 

Azotobacter inoculation (Subba Rao, 1979). Similar positive crop 
•en-

response of Azotobacter inoculation has also been reported by 

other workers (Subba Rao, 1982; l^larula and Yadav, 1989). 

f Tilak et al. (1982) found that the microbial inoculants 

prepared from Azotobacter etc. are well known to increase 

growth parameters (i.e. height, number of leaves, leaf area, 

number of branches etc.) of plantsl^/Similar resul ts have been 

reported by Gaur et al, (1980); Hemandez and Hill, (1983) and 

Packovsky et al. (1985). 

Kulkarni and Konde (1990) reported positive response 

of Aster to application of Azotobacter in relation to growth and 
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flowering. Chakraborti and Yadav (1991) also obtained increased 

plant growth and latex yield in poppy when inoculated with 

Azotobacter. Gangavar and Thangavelu (1992) inoculated 

mulberry with Azotobacter chroococcum and reported significant 

improvement in growth parameters viz., plant height, root 

length, number of roots /plants , number of leaves per plant, dry 

matter contents (shoot, root and leaves). Similar results were 

also found in various crops (Nagarajan et al., 1986; Yadav and 

Kumar, 1984; Bangale and Dadvin, 1993; Balasubramaniam, 

1995; Das et al, 1990, 1993, 1994 and 1996). Siddiqui et al, 

(1993) also recorded significant increase in plant growth, 

number of branches /p lant , number of leaves/plant , leaf length 

and nitrogen fixation in mulberry inoculated with Azotobacter. 

Misra (1997) studied the effects of Azotobacter application and 

found significant increase in flower spike growth and variable 

changes in other growth parameters in gladiolus cv. Melody. 

Wang and Patil (1994) recorded significant increase in number of 

florets/spike, spike quality, number of bulb (rhizome) and flower 

yield by application of Azotobacter with nitrogen in tuberose 

(Palianthes tuberosa L.). A similar trend of resul ts in tuberose 

have also been observed by (Wange, et al, 1995). Mishustin and 

Naumova (1962) mentioned that Azotobacter has long been used 

in Soviet union to inoculate the crops to increase yields. 
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Joi and Shinde (1976) reported 18 per cent increase in 

bulb yield of onion when Azotobacter with nitrogen applied in 

comparison to the application of nitrogen alone. Similarly Subba 

Rao (1979) found a significant increase in yield in rice, cabbage, 

brinjal and other crops on Azotobacter application. A positive 

response of Azotobacter and similar results were summarized by 

various workers (Subba Rao, 1982, Narula and Yadav, 1989). 

Lakshmanan and Kannan (1982) obtained high yield 

of cardamom on application of lignified based culture of 

Azotobacter. A higher yield of tea (young leaves) was obtained 

after inoculation with Azotobacter (Ahmed et al., 1983). 

Pandey and Kumar (1989) concluded that Azotobacter 

inoculation was beneficial to several crops and it increased the 

yield of wheat, rice, maize, pearlmillet and sorghum by 0 to 72% 

over uninoculated. In poppy the latex yield was increased by 

Azotobacter appUcation as comp'are to control (Chakraborti and 

Yadav, 1991). Bhattacharya and Mishra (1994) suggested the 

use of Azotobacter biofertilizer, which can help in better root 

development and increase flower production in floricultural 

crops (i.e. Rose, Jasmine , Tuberose, Poppy, Dahlia, Aster, 

Gladiolus, Lilies etc.). Similarly significant increase in the flower 

yield (i.e. number of florets per spike) was reported by Mishra 

(1997) in Gladiolus when inoculated with Nafed superculture 

containing Azotobacter and micronutrietns. Wang et al, (1995) 
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obtained increased yield of underground par ts (bulbs) and 

number of spike per plant when tuberose plants were inoculated 

with Azotohacter sp. along with various levels of nitrogen. 

Similar results were obtained in tuberose on ^zotofoacterisation 

with nitrogen doses (Wang and Patil, 1994). 

Ailincai (1960) reported the useful effect of micro-

inoculants on number of flower or sp ike/p lant in tuberose 

{Polianthes tuberosa L.). Kulkarni and Konde (1990) observed 

positive response of Azotohacter on flowering in Aster alone and 

in combination of 75 kg N/ha. Wang and Patil (1994) obtained 

significantly increased number of flowers/stalk and number of 

flower stems produced by tuberose when inoculated with 

Azotohacter and nitrogen. 

Joi and Shinde (1976) reported that inoculation of 

onion with Azotohacter + Nitrogen resulted more beneficial than 

application of nitrogen alone. , 

Dart and Wani (1982) suggested that the inoculation 

of nitrogen fixer in cereal crops/monocots has responded 

benefically by increasing nitrogenase activities in rhizosphere. 

Similar results were also reported by (Wani et ah, 1983, 1984 

and Kapuni K et al, 1981). Ahmed et ah (1983) observed that 

Azotohacter had beneficial effects on growth and yield of young 

leaves in Tea, and enrichment of organic matter and nitrogen. 

Dosale and Konde (1984) revealed that the application of 
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increasing dose of nitrogen (i.e. 0, 33, 66 and 100 kg N/ha) witii 

Azotohacter inoculation resulted in increased dry matter and 

yield. The inoculation of Azotobacter with 66 percent of 

recommended dose of nitrogen was found almost equal to the 

inoculation at 100% recommended nitrogen dose. This clearly 

shows that it is possible to save 33% N/ha . Mohandas (1987) 

reported that Aztobacter vinelandii significantly increased 

tomato leaf nitrogen content as compared to control. Kulkarni 

and Konde (1990) reported positive response of Aster to 

application of Azotohacter in combination of 75 kg N/ha . Wang 

et al. (1995) studied the effect of four levels of nitrogen with 

biofertilizers on the tuberose. The results of three year pooled 

data revealed that the nitrogen application @ 100 k g / h a should 

be supplemented with Azotobacter. Almost similar results were 

obtained with the application of different levels of nitrogen (100 

kg and 150 kg/ha) with Azotobacter inoculation. 

Conty et al, (1974) inoculated cabbage seedlings with 

Azotobacter and application of 40 kg N / h a and 100 kg PaOs/ha 

where they observed 65 .11% increase in yield in comparison to 

uninoculated. Gupta et al, (1999) in marigold reported that in 

general, the growth and yield at tr ibutes exhibited maximum 

values in t reatment of Azotobacter + Phosphorus Solubilizing 

Bacteria as soil and seedling treatment in combination with 75% 

and 100% nitrogen application. 
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2.2 Phosphorus Solubilizing Bacteria (PSB) and their 

role in plant growth and nutrition 

Phosphorus is a very important nutr ient required by 

plants in large quantit ies. But its availability is very less in most 

Indian soils, as most of the added phosphorus is converted to 

less available forms. Inorganic forms of this nutr ient are 

compounds of Ca, Fe and Al, while organic forms are phytin, 

phospholipid and nucleic acid, which are added to the soil by 

the way of decaying vegetation. The soils containing high organic 

matter are rich in organic forms of phosphorus . 

Several soil bacteria, {Pseudomonas and Bacillus) and 

fungi {Penicillium and aspergillus) have the ability to bring 

insoluble phoshphates in soil into soluble forms by secreting 

organic acids such as acetic, formic, propionic, lactic, glycolic, 

fumeric and succinic acids. These acids lower the pH and bring 

about dissolution of bound form of phosphate . Some of the 

hydroxy acids may chelate with Ca and Fe resulting in effective 

solubilization and utilization of phosphates by crops. Many 

attempts have been made to study the role of phosphate 

solubilizers in plants, however, very little work has been done in 

ornamental crops and other horticultural crops. The work done 

in past have been reviewed in relation to phosphate solubilizers. 

Sundara Rao et al. (1963) reported tha t the beneficial 

effects of phosphate solubilizing micro-organisms in meeting 
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nutritional requirement and /or supplementing expensive 

inorganic fertilizers. Similar findings have also been reported by 

(Gaur and Ostwal, 1972 and Arora, 1975). Bhat tacharya et ah, 

(1986) studied that phosphate solubilizer micro-organisms 

secrete different organic and inorganic acids including the 

production of phytase enzymes which act upon the residual 

phosphates for converting the insoluble fixed phosphates into 

orthophosphates in soil water solution very near to root surface 

and thus make it directly available to plants . The phosphate 

solubilizing power of these organisms increase positively under 

the influence of organic manures . Gaur, A.C. and Rana, J.P.S. 

(1990) suggested that the important phosphate solubilizing 

organisms are Pseudomonas striata, Bacillus polymaxa, 

Aspergillus awamorii, Penicillium digitatum. These 

microorganisms can grow on insoluble phosphatic sources such 

a tri-calcium phosphate, ferric aluminium and magnesium 

phosphate, rock phosphate and bone meal and then convert 

them into soluble forms. Tilak and Annapurna (1993) suggested 

that the phosphate solubilizing microorganisms are broad 

spectrum biofertilizers which may increase yield of crops 

(cereals, legume and vegetable etc.) by 10-30 per cent and 

supplement phosphorus needed by 30 kg P205/ha. Sukhda 

Mohandas (1999) described that several soil bacteria particularly 

Pseudomonas and Bacillus and fungi - Penicillium and 



Aspergillus passes the ability to convert unavailable form of 

phosphate into available form by producing organic acids 

(formic, propionic, acetic, lactic, glycolic and fumaric acids) in 

rhizosphere and acidified the rhizosphere by lowering pH and 

bring about dissolution of bound form of phosphate . 

Kandaswami et ah, (1985) recorded the per cent 

increase in height of seedlings (4.23%), seedling dry vi^eight 

(66.88%) root length (19.35%), shoot N-concentration (8.7%) and 

shoot P-concentration (23.91%) in brinjal and per cent height of 

seedlings (21.77%), dry weight of seedling (7.76%), root length 

(33.93%) and shoot P-concentration in chilly over control when 

inoculated with phosphate Solubilizing Bacteria in nursery. 

Gaur and Rana (1990) mentioned that phosphobacterium by 

virtue of its capacity to elaborate certain growth promoting 

substances like lAA and GA (also reported by Ramamoorthy, 

1982) might induce the growth of other associative organisms 

like VAM fungi so that for obtaining maximum growth and vigor 

of neem seedlings, a combined application of VAM and PSM was 

recommended. Tilak (1991) reported that significant increase in 

the yield of wheat, rice, potato and lentil when inoculated with 

microphos culture. Similar response of FSB has been observed 

in chickpea (Shinde, 1990). Algawadi and Gaur (1992) recorded 

increased grain yield, straw yield and dry matter content of 

sorghum, when inoculated with phosphate solubilizing bacteria 



as compared to control with and without fertilizers. Sardana 

(1997) revealed that the PSB are known to produce certain 

growth promoting substances in the rhizosphere. As a result, 

their positive contribution in increasing availability of 

phosphorus and in improving growth and yield of different field 

crops have been observed. 

Kandaswamy et al., (1985) have found per cent 

increase in nitrogen and phosphorus in shoot of brinjal and 

chilly, by inoculation of phosphate solubilizing micro-organisms 

as compared to uninoculated control. 

Algawadi and Gaur (1992) reported that the 

inoculation of sorghum with PSB increases N-uptake and P-

uptake along with growth parameter and yield in comparison to 

non-inoculated control, 

Sapatnekar et al. (2001a) concluded that use of 

phosphate solubilizers along with graded levels of single 

superphosphate is beneficial and necessary for better yield of 

green gram since it increased phosphate solubilization thereby 

increasing growth parameters . It was also revealed that 100% 

recommended dose of SSP and 75% of it with P-solubilizer 

recorded similar results in grain yield, (16.78 and 16.88 q per 

ha, respectively) and were statistically at par with each other, 

indicating saving of 25% SSP. The results are in conformity with 
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the finding of earlier workers (Bardiya and Gaur, 1990 and Wani 

etal. 1978). 

Sapatnekar et al., (2000b) reported that phosphorus 

sources in combination with PSM proved beneficial to wheat in 

respect of P-uptake and grain yield rather than their individual 

applications. 

2.3 Azospirillum, its role in plant growth and nutrition 

Azospirillum, an associative micro aerophilic nitrogen 

fixer, commionly found in association with roots of cereals and 

grasses has received great interest as a bio-fertilizer (Pandey and 

Kumar, 1989). Its useful characters include high nitrogen 

fixation capacity, low energy requirement and tolerance to high 

soil temperature for its suitability under tropical conditions. 

Azospirillum is a mesophyllic bacterium and is reported to occur 

in association with crops grown in acidic to alkaline pH range. 

Azospirilla are metabolically versatile and can grow vigorous^ in 

the presence of nitrogenous compounds present in the soil but 

as soon as the external N supply is exhausted the bacteria shift 

to diazotrophy. Use of Azospirillum inoculum under saline 

alkaline conditions is possible because strains adapted to these 

stress conditions maintained high nitrogen activity. 

Jeeva et al. (1988) studied the effect of Azospirillum 

sps. on growth and development of banana cv. Poovan (AAB). 

The fertilizers in the form of urea, superphosphate and MOP 
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were applied in two split doses on the third and fifth months 

after planting. The Azospirillum culture was applied @ 2.5 k g / h a 

(in 3 splits) by mixing with FYM in the ratio of 1:20 on the third, 

60th and 120^^ day after planting. The application of Azospirillum 

in combination with nitrogen fertilizer significantly improved the 

vegetative growth in terms of height and girth of pseudostem. 

Azospirillum with 75% of fertilizer had the same effect in 

increasing the plant height and girth as that of 100% 

nitrogenous fertilizer without inoculation. The other growth 

parameters such as total leaf urea, total number of leaves, 

number of suckers w^ere also found to be enhanced with 

Azospirillum. Inoculation also reduced the time interval between 

the production of successive leaves. The bunch weight was 

increased due to Azospirillum inoculation. The increase in bunch 

weight due to Azospirillum inoculation was also found associated 

with a corresponding increase in length of bunch, number of 

hands and fingers, length, girth and weight of fingers. The 

increase in growth and yield parameters due to Azospirillum may 

be an account of its direct role in nitrogen fixation. 

Rao and Das (1989) studied influence of nitrogen 

fixing bacteria on the growth of fruit p lants . Soil inoculation 

with pure cell suspension of Azospirillum brasilense strains S-

14, S-51 or S-54 and Azotobacter chroococcum increased plant 

height and dry weight in 6 months old budded plants of ber 



[Zizyphus mauritiana) cv. Seb and Gola and in rooted cutting of 

pomegranate cv. Jalore seedless grown in pots. A brasilense 

strain S-14 had the best effect on plant dry weight in ber {Z. 

mauritiana) and S-54 had the best effect on pomegranate. In 

both cases, this was correlated with a marked increase in N 

uptake. It is suggested that growth enhancement could be due to 

the production of growth regulating plant hormones as well as to 

N fixation. The rhizosphere of inoculated plants carried higher 

population of A. brasilense than that of uninoculated controls. 

Singh and Sharma (1993) studied leaf nutrient 

composition of sweet orange as affected by combined use of bio 

and chemical fertilizers. Three grams of Azospirillum per plant 

was applied to the root tip at the time of t ransplantat ion. In case 

of VAM, 50g of culture was placed at 15cm below soil near each 

plant. At 6 monthly intervals, 4-7 months old mature leaves 

were collected and analysed for macro and micro nutr ients . 

Azospirillum application increased the N level to almost the same 

extet as full dose of N and P. 

Kapulnik et al. (1979) in cereal crops reported that 

inoculation of wheat, panicum spp., maize and sorghum with N-

fixing Azospirillum bacteria increased grain and dry matter 

yields. 

Kapulnik et al. (1981) in wheat, sorghum and 

panicum revealed that the potential of the nitrogen fixing 
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bacterium Azospirillum brasilense to enhance development and 

increase growth of Panicum miliaceum, Triticum aestivum and 

Sorghum bicolor was investigated. In both sterilized and non-

sterilized systems heading and flowering occurred earlier in the 

inoculated plants as compared to the non-inoculated ones. Total 

shoot and root weights, total N contents, plant height and leaf 

length were significantly increased by inoculation. 

Neuer et al. (1985) in wheat observed that during the 

growth of the association, the bacteria lived exclusively from the 

carbon. Ram et al. (1986) in rice and chickpea found that 40 or 

60 kg N/ha increased rice grain yield from 3.2 to 4.1 t /ha , ; 10 

kg BGA/ha increased yield to 3.9t. Chickpea yield increased 

from 1.5 t / h a with no-fertilizer to 2 . I t with the residual fertility 

of 10kg BGA or Azotohacter applied to the rice crops. There were 

no residual effects on the other crops. 

Shah and Joshi (1986) in cereal crops found that the 

use of inoculation with various strains of Azotohacter and 

Azospirillum to increase growth and yield of cereals is discussed, 

with data for maize, pearl millet (Pennisetumi americanum), 

sorghum, wheat, paddy, ragi (Eleusine coracan) and sugarcane 

obtained by GSFC in Gujarat. 

Pandey and Kumar (1989) in wheat, maize, sorghum, 

rice, millets, potatoes, cotton and sugarcane found that the 

beneficial effects of applying Azotohacter and Azospirillum to 
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non-legume crops on their yields are reviewed. Application of 

Azotobacter and Azospirillum to wheat, maize, sorghum, rice, 

millets, vegetables, potatoes, cotton and sugarcane grown under 

both irrigated and barani (rainfed) conditions, with and without 

application of NPK, increased yields of there crops. The 

beneficial effects of Azotobacter and Azospirillum are related that 

ony to their N-fixing proficiency but aso with their ability to 

produce antibacterial and antifungal compounds, growth 

regulators and side rophores. 

Patra et al. (1989) in wheat and toria reported that the 

highest wheat grain yields were 3.74 and 3.68 t / h a with 60 kg N 

+ Azospirillum and 40 kg N + Azospirillum, respectively. Yields 

were 2.90, 3.05 and 3.16t without N, with Azotobacter alone and 

with Azospirillum alone, respectively. Toria seed yields were 200, 

300 and 273 k g / h a without N, with + Azotobacter alone and with 

Azospirillum alone, respectively.^ The highest toria yields were 

560 and 550 k g / h a with 60 kg N + Azotobacter and 40 kg N + 

Azotobacter, respectively. It was concluded that 40 kg N + 

Azotobacter was the most economic fertilizer application for both 

crops. 

Gamo (1991) in wheat, rice, sugarcane, sorghum and 

maize observed that no effect were observed in rice and wheat 

plants, but isolates from roots of sugarcane, sorghum, maize 

and C. ciliaris promoted root and shoot growth in maize. Growth 



promotion was observed in spinach roots and shoots, and roots 

only in Chinese cabbage, cucumber and B. perviridis. 

Wange and Patil (1994) in tuberose observed that 

applying 100 kg N / h a alone or inoculating with Azotohacter + 

Azospirillum mixtures significantly increased the number of 

flowers/stalk, bulb (rhizome) yield and the number of flower 

stems produced by polianthes tuberosa cv. Single in pot 

experiments. 

Wange et al. (1995) in tuberose revealed that bulb 

yields were highest with 50 kg N / h a and inoculation with 

Azospirillum. Cut flower yields were highest with 150 kg N /ha 

and inoculation with Azospirillum (26288 dozen/ha) compared 

with the untreated control (15871 dozen/ha) . 

Mikhajiovskaya et al. (1997) in winter wheat and 

stubble oil radish found that a two year field study in Belarus 

with winter wheat and stubbie oil radish, showed that the 

application of Azospirillum brasilense was effective for winter 

grain plants. Oil radish yield was positively influenced by 

diazotrophs. 

Terry et al. (1998) in tomato observed that yields were 

highest in plants inoculated with Azospirillum brasilense (1 x 10^ 

cfu/ml at 25 l i t res /ha applied 24h after sowing) + Glomus 

manihotis (applied to seeds at lOOg/kg seed) + 90 kg N ha-^ 

(24.71 t /ha , compared with 23.26 t / h a in controls). 
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Bhavanisanker and Vanangamudi (1999) in 

gundumalli observed that the combined appHcation of Ml and 

SI gave the highest number of branches per plant, while the 

combined appHcation of M6 and S5 gave the highest flower yield 

(1.56, 1.739 and 1.779 kg/plant) in the first, second and third 

years after t reatment, respectively. 

Bhavanisanker and Vanangamudi (1999) in 

crossandra revealed that the combined application of Ms and Sa 

gave the highest flower yield (1.106 and 1.474 kg/plant) at 3 and 

17 months after planting, respectively, while the combined 

application of M2 and S2 have the highest flower yield (0.738 

kg/plant) at 10 months after planting. 

EL-Kased et al. (1999) in newly reclaimed sandy soil 

found that yield was highest in the bio-fertilizer t reatment, while 

among N sources the best results were given by urea. All 

treatments at least doubled yield compared with controls. Net 

returns and benefit: cost ratio were highest with the bio~fertilizer 

treatments. 

J e n a et al. (1999) in turmeric observed that the 

rhizome yield and nutr ient uptake by the crop were significantly 

higher following inoculation of either single or combined 

inoculants irrespective of fertilizer application. This increase was 

greater with 60 kg N. The percentage increase in yield due to 

inoculation integrated with fertilizer N ranged from 15.2 to 
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30.5%. The N-use efficiency was enhanced due to inoculation 

and showed higher values with 30 kg N than with 60 kg N/ha. 

The soil was left with a positive N-balance in the integrated 

treatments only, indicating a build up of soil fertility. 

Nantha Kumar and Veeraragavathatham (1999) in 

brinjal reported that combined application of 12.5t FYM/ha, 

Azospirillum and Phosphobacteria (2kg each) + inorganic 

fertilizers at 75% of the recommended rate of N (75 kg/ha) , P 

(37.5 kg/ha) and 100% of K (30 kg/ha) increased the keeping 

quality, lowered the CPLW, improved the general appearance and 

overall acceptance of the harvested fruits compared to the ones 

treated with inorganic fertilizers. 

Preethi et al. (1999) in Edward rose found that the 

treatment combination of nitrogen at 38.5 kg /ha , Azospirillum 

(@ 2kg/ha) application at sixth month after planting and foliar 

spray of ascorbic acid at lOOOppm, gave the highest number of 

total shoots, flowering shoots and the lowest number of blind 

shoots. The same treatment also recorded highest pedical length, 

flower weight, flower diameter, concrete recovery and ascorbic 

acid content in shoots. 

Chokha et al. (2000) in sweet orange reported that the 

treatment combination of 3 /4 P + vesicular arbuscular 

mycorrhizas (VAM) + N (Tio) was the best t reatment for 

producing better growth and yield of high quality fruits in 



Mosambi. Indicated the suitability of bio-fertilizers (Azospirillum 

brasilense culture and VAM) inoculation in combination with 

chemical fertilizers for better growth, yield and fruit quality. It 

will help bring down the cost of chemical fertilizers particularly 

nitrogen and phosphorus and help improve soil fertility by 

maintaining the physical conditions of the soil. 

Panwar et at. (2000) in wheat revealed that both the 

bio-fertilizers increased leaf area, chlorophyll concentration, NR 

(nitrate reductase) activity, total biomass production and grain 

yield compared with untreated controls. DL153-2 had a greater 

response to inoculation than HD 2428. P and K uptake were 

increased by Bacillus subtilis, whereas N uptake was increased 

by Azospirillum brasilense. 

Swaminathan and Sambandamurth i (2000) in 

crossandra found that the plant height, number of branches, 

number of leaves, leaf area pej- plant, number of spikes per 

plant, spike length, number of flowers per spike and flower yield 

per plant were the highest in N 120 kg + K2O 70 k g / h a + 

Azospirillum 2 k g / h a + FYM 30 t /ha . Azospirillum + N + K2O 

proved to be more beneficial than Azospirillum or FYM alone. 

Narasimha Raju and Haripriya (2001) in crossandra 

found that the present investigation on INM in crossandra cv. 

Dindigul local reveals that application of 100% NPK (75:50:125 

kg/ha) + Azospirillum + Phosphobacteria each at 2 k g / h a gave 
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the highest flower yield of 41.72 g/plant with the maximum 

returns per rupee invested (1:3.50). Apphcation of inorganic 

nutrients to a tune of 25% can be saved without any yield 

reduction of Azospirillum @ 2kg /ha is incorporated with 75% 

recommended dose of NPK. 

Nanthakumar and Veeraragavathatham (2001) in 

brinjal observed that the study clearly indicated that the 

combined application of organic fertilizers through 12.5 t ha-^ of 

FYM, two kg in each of Azospirillum and phosphobacteria + 

inorganic fertilizers at 75 per cent of the recommended dose of 

N, P and 100 per cent of K favourably influenced the growth, 

yield (36.48 t ha-i) and quality of brinjal cv. Palur 1. 

Parthiban et al (2001) in globe amaran th found that a 

maximum number of flowers of 292.56 in pink, 282.05 in white 

during kharif and 334.71 in pink and 308.35 in white type 

during summer were recorded in FYM + Azospirillum at N200. The 

highest flower yield of 17736 k g / h a in pink, 17132 k g / h a in 

white during kharif and 20287 k g / h a in pink and 18958 k g / h a 

in white during summer were also recorded in FYM + 

Azospirillum at N200 level. However, N200 and Niso levels were 

statistically at par with each other for the flower yield 

characters. 

Selvarajan and Chezhiyan (2001a) in turmeric found 

that the results of the influence of Azospirillum and different 
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levels of nitrogen on growth and yield of turmeric cv. BSR2 have 

indicated that the treatment difference for the various characters 

studied was not consistent and significant. Yet, there was 16 per 

cent increased yield by the application of 25kg Azospirillum with 

the 50 per cent of the recommended doses of inorganic N25 kg 

and 5 t of FYM/ha over the recommended dose of fertilizer 

application, which is found beneficial considering the saving on 

the cost of 50 per cent of the inorganic nitrogen. 

-Selvarajan and Chezhiyan (2001b) in fenugreek 

reported that field experiments conducted to study the effect of 

Azospirillum and graded levels of fertilizer nitrogen on fenugreek 

cv. CO2 indicated that seed inoculation of Azospirillum coupled 

with the recommended dose of inorganic fertilizer resulted in 42 

per cent increased yield over the t reatment with the 

recommended fertilizer dose without Azospirillum. 

Subramanian and Vij^yakumar (2001) in coriander 

reported that among the treatments, application of nitrogen @ 

20 kg /ha along with Azospirillum given through seed treatment 

and soil application (N2M3) has increased the growth parameters 

such as germination percentage, vigour index, plant height and 

dry matter production besides various yield parameters and 

grain yield. However, the physiological parameters viz., the 

earliness in flowering (44.55 days), fruit set (50.25 days) were 

delayed in the same treatment. 



Swedrzynska and Sawicka (2001) in winter wheat, oat 

and maize reported that the population of bacteria was 

estimated at different development stages of plants . Inoculation 

of cereals with Azospirillum brasilense bacteria contributed to 

the increase of their numbers in soil. No significant influence of 

fungicidal seed dressings on the numbers of Azospirillum 

bacteria was noted. The application of mineral nitrogen to the 

crops was favourable for the multiplication of Azospirillum 

bacteria under plants. 

2.4 Inorganic Fertilizer (N) and their effect on growth 

and yield 

The nutritional requiremient of tuberose [Polianthes 

tuberosa Linn.) has been studied by many workers in relation to 

its plant growth and yield, however, very little work has been 

done in North India on fertilizer requirement and their role in 

relation to growth and yield in flower crops as compared to other 

Horticultural crops. The work done in the past has been 

reviewed for planning, execution and discussion of the present 

investigation. 

Different levels of nitrogen, phosphorus and potash 

have variable effect on the initiation of growth. With the 

application of nitrogen, phosphorus and potash, improvement in 

growth was reported by Sadhu and Bose (1973) and J a n a et al. 

(1974). Amongest three major nutr ients , nitrogen played 
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comparatively more important role than phosphorus and potash 

in influencing growth in tuberose (Militiu et al., 1970). They 

have noted that application of nitrogen (300 kg/ha) significantly 

reduced the number of days for sprouting as compared to lower 

dose in tuberose cv. 'Single'. They have also observed the 

increase in various growth parameters of the tuberose. Similar 

results were also obtained by Bankar and Mukhopadhayay 

(1990) in cv. Double. Mitra et al. (1979) conducted field trials, in 

which small and large bulbs were planted in late April. They 

have applied Phosphorus and potash dressing + nitrogen as 

ammonium sulphate at 70, 75 and 80 k g / h a in split doses at 2-

3 leaf stage and flowering. The highest percentage of flowering 

plants, the earliest flowering and the highest number of florets 

per spike were obtained from plants raised from large bulbs 

receiving 75 kg /ha . Boon and Niers (1986) observed good results 

on plant growth with 300 kg/ha, nitrogen application in Lilium 

cv. Enchantment . In another experiment, it was seen that when 

nitrogen was applied at the time of corm planting it had no effect 

on subsequent plant growth but when applied 15-40 days after 

sprouting it had a beneficial effect (Fernandes et al., 1974), 

Mukhopadhyay and Bankar (1986) and Bankar and 

Mukhopadhyay (1985) also reported in tuberose cv. Single that 

application of N (20g/m2) have increased plant height and other 

growth parameters . Increased nitrogen significantly increased 
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the plant height in tuberose cv. Double (Gowda et al, 1991), 

High level of nitrogen has significantly advanced the time taken 

for emergence of flower spikes as reported by Banker and 

Mukhopadhyay (1990). They have found that application of high 

dose of nitrogen (20 g/m2) has reduced the number of days 

significantly (134.28) for spike emergence as compared to control 

which has taken 159.02 days. Similarly Mukhopadhyay (1981) in 

tuberose and Kosugi and Kondo (1961) in gladiolus reported 

early emergence of flower spikes due to N application. Ashok et 

al. (1995) found out the influence of different N fertilization on 

growth, flowering and water use of 'Single' tuberose on a well 

drained sandy loam soil. Irrigation equal to replenishing 120% of 

pan evaporation showed the maximum growth, flower yield 

(10.04 tonnes /ha) , spike length (88.0cm), rachis length 

(22.2cm), florets/spike (38.8). The maximum growth, flower yield 

(10.23 tonnes/ha) were recorded with 400 kg N/ha . Hence the 

nitrogen fertilization significantly increased the plant height, 

number of leaves, leaf area and dry matter production. Nitrogen 

is one of the key elements which helps build up of vegetative 

parts. The results confirms the findings of Bankar (1988). 

Nitrogen @ 250 k g / h a in 'Shringar' tuberose gave better plant 

growth and economic flower yield, maximum number of leaves 

per clump, number of florets/spike and weight of individual 

floret. At 350 kg N /ha it increased the spike and rachis length 
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but delayed flowering. Application of 200, 250, 300 and 350 kg 

N/ha did not show significant difference in plant growth and 

flower parameters (Singh and Uma, 1996). N when applied at 0, 

10, 20, 30 or 40 g/m2, P at 0, 10 or 20g PaOs/ma and k at 0, 10 

or 20 g K20/m2. Bulb yields increased as N rate increased upto 

30g/m2. p and K rates had little effect on bulb yield and there 

was a significant interaction between N and P (Singh et ah, 

1996). The influence of nitrogen and phosphorus nutrition on 

flowering, yield and quality of marigold (Anuradha et ah, 1990), 

N and P2O5 were found to cause earliness in flowering with 

maximum number of big sized flower and improved yield. The 

quality determining characters viz., flower size, stalk length and 

umber of ray florets per flower were also found to be improved 

with nutrition. The number of flowers per plant and individual 

weight of single flower both increased significantly with fertility 

level. The increased flower production under high levels of N and 

P2O5 (90 k g / h a each) might be attributed to increased branching 

and plant spread. The high N (300kg N/ha) and P (300 kg 

P205/ha) significantly increased the plant height and over all 

growth over control in tuberose cv. Single (Yadav et ah, 1985). 

The number of corms/per plant was also found significantly 

more by different levels of nitrogen and phosphorus as reported 

by Achal et al. (1984) in gladiolus cv. Vink's Glory. They have 

found that medium dose of nitrogen and low dose of phosphorus 
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resulted in higher number of corms/plot whereas the number of 

cormels/plot were recorded highest in low dose both N and P. 

Similar results were also reported by Armitage (1973) and 

Fernandes et al. (1974) in gladiolus. Parthiban and Abdul 

Khader (1991) studied the fertilizer requirement of tuberose 

{Polianthes tuberosa L.) cv. 'Single' have indicated that 

application of 100, 75 and 62.5 kg NPK/ha recorded the 

maximum growth of plants and number of spike/plant (1.72) 

maximum number of floret per spike (39.67) and maximum 

flower yield (3578.6 kg/ha) . Sita Ram et al. (1997) conducted an 

experiment on tuberose {Polianthes tuberosa L.) cv. 'Single' and 

'Double' and supphed with N at 0, 5, 10, 15 and 20 g/m2. Half of 

N and a constant dose of P2O5 and K2O (40 and 15 g/m2) 

respectively were applied before plantation and the remaining N 

was applied 60 days after planting. N application significantly 

increased plant height, number of leaves per plant and other 

growth characters of both cultivars (i.e. Single and Double). 

Flowering was advanced by low N application rates (i.e. upto 10 

g/m2) but delayed by higher rates (15 or 20 g/m2). Flower weight 

per spike and number of marketable spikes increased upto 20 

g/m2 in both cultivars. Leaf N content increased but P and K 

content decreased as N application rate increased. 

Correspondingly, leaf N content was positively correlated with 
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spike yield per unit area, while leaf P and K contents were 

negatively correlated with spike yield. 

Bulb production is very important for propagation of 

tuberose. Increase in number of bulbs /p lan t has been reported 

by various workers. Bankar and Mukhopadhyay (1985) in cv. 

Single reported higher number of bulb per clump (22.12) when 

nitrogen was applied @ 20g/m2 in two split doses i.e. half at 30 

days and another half at 60 days after planting. Similar results 

were also obtained in gladiolus by Skalska (1970). In another 

trial, Mukhopadhyay and Bankar (1986) obtained a maximum 

number of bulblets /plant (12.13) with nitrogen application of 15 

g/m2 whereas without application of nitrogen gave 8.81 

bulb/plant . They have further reported that higher dose of 

phosphorus did not influence the number of bu lbs /p lan t as 

achieved with nitrogen. The number of corms/plot was also 

found significantly more by different levels of nitrogen and 

phosphorous as reported by Achal et al. (1984) in gladiolus cv. 

Vink's Glory. They have found that medium dose of nitrogen and 

low dose of phosphorous resulted in higher number of corm per 

plot whereas the number of cormels/plot was recorded highest 

in low dose of both nitrogen and phosphorous. Armitage (1973) 

also reported that different doses of N, P and K markedly 

influenced the number of corms. Potti and Arora (1986) obtained 

highest yield in terms of number of corms and cormels/plant in 



cv. Sylvia of Gladiolus when 60g N/m2 was applied. However, 

phosphorous and potassium application resulted in marginal 

increase in the number of corms and cormels. Similar results 

were also noted in gladiolus by Misra and Negi (1977). Deswal et 

ah (1983) reported that in gladiolus N and K application 

promoted number of corms/plant significantly while the effect of 

P was not significant. 

2.5 Plant Geometry (Spacing) and their effect on 

growth and yield 

Patil et al, (1980) in tuberose found that in one year 

the highest number of tuberose flowers was obtained from bulbs 

spaced at 15 x 15cm planted singly/hill and in another year 

from bulbs spaced at 17 x 17cm and also planted singly/hill. 

Data are tabulated for other spacing and planting varieties. 

Mukhopadhyay et al. (1986) in tuberose revealed that 

the number of flower spikes per plant increased with spacing 

and depth of planting. Bulb production increased with bulb size 

and spacing but decreased with depth of planting. 

Patil et al. (1987) in tuberose observed that the 

highest yield of top quality flowers was obtained from the small 

rhizomes planted at 15 x 20cm. 

Halepyati et al, (1995) in tuberose revealed that plant 

densities had significant influence on the dry matter 

accumulation in reproductive parts only. Dry matter 



accumulation of reproductive parts decreased, but cut flower 

yield increased with increase in plant density. 

Mahanta and Paswan (1995) in tuberose reported that 

with regard to spacing, the number of leaves per plant decreased 

with plant density. 

The time to flowering was shortest with S3.(20 x 10cm) 

and longest with Si (20 x 20cm). The highest number of 

spikes/m2 (58.55) and spike yield (169.18 q/ha) were obtained 

with the combination of Di (2.25-3.00cm) and S3 (20 x 10cm). 

Sharma et al. (1995) in tuberose observed that plants 

at the closer spacings grew taller than those at wider spacings, 

but the 3 closest spacings were detrimental to bulb production, 

flower spike length and numbers of florets per spike. The widest 

spacing gave the longest flower spike, and this and the next 

widest spacing gave the most florets/spike. It is suggested that 

the 2 closest spacings be used fo;- growing tuberose for oil and 

loose flower production and that the 2 widest spacings be used 

for producing flowers for vase use and bulbs. 

Khobragade et al. (1997) in tuberose found that plants 

at the widest spacing (20 x 30cm) produced more vegetative 

growth, the highest weight of bulbs and also exhibited improved 

flowering compared with plants at the narrower spacings of 20 x 

10 and 20 x 20 cm. 



Patel et al. (1997) in tuberose observed that neither 

plant height nor leaf width were affected by the different spacing 

or fertilizer t reatments . Leaf number was highest with the widest 

spacing and highest NPK fertilizer rate. The yield of flower 

spikes/plant was similar in all t reatments but the yield/ha was 

highest at the closest spacing (1 thin 047 thin 530 spikes/ha) . 

Flower yield was highest with organic manure or the highest 

NPK fertilizer rate. Flower spike length and the number of 

florets/spike were highest at the closest spacing with the highest 

NPK rate. The highest cost: benefit ratios were obtained with the 

closest spacing (45cm x 15cm) and the highest NPK rate or 

organic manure . 

Kumar et al. (1998) in tuberose revealed that bulb 

yields increased with increasing N rate and initial bulb size and 

with wider spacing. 

Kumar and Singh (1998) in tuberose reported that 

scape emergence was earliest from the smiallest bulbs planted at 

[he \\idc\s( s[)acMng aiul gixon [he highest N i"atc. Cut flower }'ield 

and quality and bulb production were greatest from the largest 

bulbs planted at the widest spacing and given the highest N rate. 

Nagaraja et al. (1998) in tuberose found that the 

number of bulbs produced increased with increasing bulb size 

and spacing. Large bulbs planted in J u n e at 30 x 30cm 

produced the highest bulb yield (109.78 g/plant) . 



Balak et al. (1999) in tuberose reported that 

application of 180 kg N/ha with a plant spacing of 45 x 30cm 

significantly influenced growth (plant height, leaf area,number of 

spikes and spike length), and was the best t reatment for 

promoting flower yield. 

Huang et al. (1999) in Taxodium ascendens observed 

that sowing density experiments were carried out with 

soyabeans and mung beans in year 3. The growth of T. 

ascendens was not significantly affected by wheat, rape, 

soyabeans and mung beans. When the trees were young (first 3 

years), they did not depress crop yields, and a land equivalent 

ratio >1 was thus obtained together with a high yield of both 

components. The relative yields of the intercrops fell to >1 in the 

4-yr-old s tands at all spacings. The relative yield of wheat, 

soyabeans and rape was well >1 in the 5-yr-old s tands. The 

realized productive coexistence suggested that rape had a higher 

ecological combining ability with T. ascendens than wheat and 

soyabeans. 

Mohanty et al. (1999) found in tuberose that F4 (325 

kg N + 125 Kg P2O5 + 125 kg K20/ha), S3 (30cm) and its 

combination resulted in the highest N, P and K uptake, both 

at50% flowering stage and harvesting stage. 

Mosher and Turner (1999) in rose observed that the 

maximum number of basal shoots was formed at plant densities 
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of 4.20 and 3.32 plants/m2 for Gabrielle and Kardinal, 

respectively. Within row spacing did not affect the number of 

flowering shoots per basal shoot. The single shoot planting 

system contained a mixed population of single stemmed R. 

hybrida (cvs. Gabrielle and Gerdo). Plants were grown in a field 

over a range of within row spacings to give 20-105 plants/m2. 

Over 3 harvests , increasing the number of plants by 10 

plants/m2 reduced the proportion of flowering shoots by 4.4%. 

Expressed on a unit area basis, a 5-fold increase in plants/m2 

produced a 3-fold increase in stem production. 

Nagaraja et al. (1999) in tuberose observed that plants 

at the wider spacing of 30 x 30cm recorded significantly higher 

plant height, increased numbers of leaves per clump and spikes 

per plant, and longer flowering duration. The wider spacing also 

resulted in better spike characters such as spike length, rachis 

length, number of florets per spike and fresh weight of spike. 

Singh et al. (1999) in tuberose observed that the 

longest flower spikes and the highest numbers of spikes/clump 

resulted from J u n e planting and the longest plant density. 

Shallow planting gave more spikes/c lump. The number of 

bulbs/plant was highest for June planting, and this planting 

date also gave the largest bulbs. As plant density increased, the 

number of bu lbs /p lan t decreased. Deep planting also gave more 

bulbs/plant than shallow planting. 



Kartik et ah (2001) in rose reported that roses planted 

on flat ground, an in-row spacing of 20cm produced greater root 

dry weight and cHper than the 15cm spacing during both years. 

In 1997, shoot and total dry weight were greater when plants 

were grown at 20cm or 25cm in-row spacing versus 15cm 

spacing, while smaller differences between t rea tments were 

found in 1999. 



CHAPTER - III 

^V\citE^xiciL^ cirzci <^V{E^trLoci± 

The present investigations entitled, "Studies on effect 

of nitrogen, plant geometry and biofertilizers on growth, 

flowering and bulb production in tuberose (Polianthes tuberosa 

L.) cv. Double" were carried out at the Experimental orchard and 

Laboratories, Department of Horticulture, CCS Haryana 

Agricultural University, Hisar, during 2001 and 2002. The 

materials and methodology used for carrying out these studies 

are described in this chapter under different sub heads. 

3.1 Geographical location 

The experimental orchards, Department of 

Horticulture, CCS Haryana Agricultural University, Hisar is 

situated in sub tropics at 29° 10' North latitude and 75°46' East 

longitude with an elevation of 215.2 m above msl. 

3.2 Climate 

The climate of Hisar is very hot and dry during 

summer and very cold during winter season. The monsoon 

season remains warm and humid with average rainfall about 
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425mm which is unevenly distributed in the year. The minimum 

and maximum temperature ranges between 7 - l l ° C in winter and 

40-46°C in summer. The observations recorded at meteorological 

observatory of the university are presented in Annexure-I. 

3.3 Soil 

The soil of experimental orchard field was sandy loam 

in texture with pH value 8.2. The physico-chemical analysis of 

the soil were carried out before start of experiment during both 

years as given in Table 1. 

3.4 Land preparation 

The land was brought to a fine tilth by repeated 

ploughing and leveled properly. Farm yard manure (FYM) was 

applied @ 30 tonnes per hectare and mixed well into the soil. 

Chemical fertilizer potassium was applied @ 100 kg per hectare 
A/ 

by using murate of potash at the time of soil preparation. 

3.5 Preparation of beds for experiment 

The beds for planting of bulbs were prepared by 

maintaining bed size 1.00m x 1.00m. The total prepared beds 

were 144. In 48 beds planting was done at 20 x 20cm (having 25 

plants/bed) apart from plant to plant and row to row. In other 

48 beds planting was done at 20 x 25cm (having 20 plants/bed) 

apart from plant to plant and row to row. And in other 48 beds 

planting was done at 20 x 30cm (having 15 plants /bed) apart 

from plant to plant and row to row. 
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Table 1: Physico-chemical analysis of the experimental 

field soil. 

Sr. Character 
No. 

Contents Method used for analysis 

1. Texture 

2. O.C. (%) 

3. CaCOs (%) 

4. pH2 

5. E.C2 (dSm - 1 ' 

6. Available Nitrogen 
(kg/ha) 

7, Available 
phosphorus (kg/ha) 

8. Available potassium 
(kg/ha) 

DTPA extractable 
zinc (ppm) 

Sandy International Pipette 
loam method (Piper, 1950) 

0.52 Walkley's and Black Rapid 
Titration method (Jackson, 
1973) 

2.66 Puri's method 

8.2 Glass electrode pH meter, 
1:2 soil water suspension 
(USDA Hand book No. 60, 
1954) 

0.55 EC meter, 1:2 soil water 
suspension (USDA Hand 
book No. 60, 1954) 

187.5 Alkaline permanganate 
method 

22.8 Olsen's method of extraction 
with NaHCOa at pH 8.5 
(Olsen etal., 1954) 

408.5 Flame Photometer method 
(USDA Hand book No. 60, 
1954) 

1.02 DTPA method (Lindsay and 
Norwel, 1965) 



3.6 Planting Materials and Planting 

The bulbs of tuberose cv. 'Double' used in the 

experiment, were obtained from the Department of Horticulture, 

CCS HAU, Hisar. The bulbs of uniform size (2 to 2.5cm in 

diameter) were selected and planted at a depth of 5.0cm from 

the tip of the bulb. The planting was done on 21st yioy j ^ the 

year 2001 and on 3^^ May in the year 2002. 

3.7 Cultural practices 

All the plants in whole of the experiment have 

received uniform cultural practices except various t reatments of 

nitrogen and biofertilizers applications. An assured irrigation 

once in 5-10 days, depending upon the weather conditions was 

provided regularly. In order to make the field weed free and to 

conserve the moisture, hoeing was done as and when was 

needed. 

3.8 Experiment 

Studies on the effect of nitrogen, plant geometry and 

biofertilizers on growth, flowering and bulb production in 

tuberose {Polianthes tuberosa L.) cv. 'Double'. 

3.8.1 Treatments 

a) Main plot treatments: 

i) Levels of nitrogen : 4 (0, 100, 200, 300 kg/ha) 

Or 4 (0, 10, 20, 30 g/m2) 



ii) Plant population per square meter : 

3 (20 X 20cm, 20 x 25cm, 20 x 30cm) 

(25 plants) (20 plants) (15 plants) per plot 

b) Sub plot treatments: 

4 (0, Azotobacter (Mac-68), 

Phosphorus solubilizing bact. (PSB), 

Azospirillum) 

In addition to above a basal dose of 6 g/m^ P2O5 was also 

applied 

Source of fertilizers 

i. CAN 

ii. Single super phosphate 

Time of Application 

Application of V2 nitrogen + full P2O5 was done at the 

time of field preparation and other V2 (half) nitrogen at spike 

emergence stage. 

Replication : 3 

Design : Split plot design 

Size of plot/plot size : 1 x 1 m2 

Total no. of treatment combinations: 

4 (nitrogen) x 3 (spacing) x 4 (Biofertilizers) == 48 

Total number of plots (48 x 3) = 144 

Total no. of bulbs for one year 
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48 X 25 - 1200 

48 X 20 = 960 

48 X 15 = 720 

Total = 1200 + 960 + 720 = 2880 

Plant to plant and row to row distance for all the (144) Plots: 

48 plots have = 20 x 20cm (25 plants per plot) 

48 plots have = 20 x 25cm (20 plants per plot) 

48 plots have = 20 x 30cm (15 plants per plot) 

Cultivar : Double 

Date of planting : 21st May in the year 2001 

3i-d May in the year 2002 

3.8.2 Treatments description 

a) Main plot treatments 

i) There are four levels of nitrogen (N) by using CAN with 

25% N: 

No = No applicatio:p of nitrogen 

Ni = lOOkg/ha (i.e. 10g/m2) 

N2 = 200kg/ha (i.e. 20g/m2) 

Ns = 300kg/ha (i.e. 30g/m2) 

ii) Three levels of plant geometry (spacing): 

Si = 20 X 20cm (i.e. 25 plants/plot) 

S2 = 20 X 25cm (i.e. 20 plants/plot) 

Ss = 20 X 30cm (i.e. 15 plants/plot) 



All the 12 c o m b i n a t i o n s of n i trogen and s p a c i n g were taken 

as main plot t r e a t m e n t s : 

1. NoSi 7. N2S1 

2. N0S2 8-. N2S2 

3. N0S3 9. N2S3 

4. NiSi 10. N3S1 

5. N1S2 11 . N3S2 

6. N1S3 12. N3S3 

b) Four t y p e s of b iofert i l izers were t a k e n as sub plot 

t r e a t m e n t s : 

BFo = No appl ica t ion of biofertilizer. 

BFi = /Izotofoacter appl icat ion (Mac - 68). 

BF2 = Phosphorus Solubilizing Bacteria (PSB) application. 

BF3 = Azospirillum applix^ation. 

There were 48 t r e a t m e n t s combina t ions adop t ing split plot 

design. In each repl icat ion the levels of n i t rogen , spac ing and 

biofertilizers types were randomized , one plot was kep t a s one 

uni t for each t r e a t m e n t a n d set was rep l ica ted th r ice in bo th the 

years . Field layout of bo th the yea r s given below. 
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3.8.3 Methods of application of treatments . 

a) Chemical fertilizer 

i) Nitrogen 

Half dose of nitrogen was applied as basal dose, jus t 

before planting of bulbs while remaining half dose of the 

nitrogen was applied at the time of spike emergence (after 100 

days of planting) by top dressing method in both the years. 

Calcium ammonium nitrate (CAN) was the source of N used. 

b) Plant geometry (spacing) 

There were three plant geometry (spacing) used; Total 

plots were 144. Plot size was 1 x Im^. Three replications were 

used. One replication have 48 plots. In 48 plots we used plant 

geometry (spacing) randomized, 16 plots have spacing 20 x 20cm 

(25 plants/plot) , 16 plots have plant geometry (spacing) 20 x 

25cm (20 plants/plot) and 16 plots have plant geometry 

(spacing) 20 x 30cm (15 plants/plot) . And same pat tern was 

repeated in replication two and three. 

c) Biofertilizers 

Biofertilizers are microbial inoculants consisting of 

living cells of micro-organisms like bacteria, algae and fungi 

alone or in combination, increasing crop productivity by way of 

helping in the biological nitrogen fixation, solubilization of 

insoluble fertilizer materials, stimulating plant growth or 
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decomposi t ion of p l an t r e s idues . The p r e s e n t s t u d y inc luded 

three biofertil izers a s men t ioned in the t r e a t m e n t s . 

i) Azotohacter 

Azotobacter is free living he t e ro t roph ic n i t rogen fixing 

bacter ia p r e s e n t in soil and fixes 20-30 kg N / h a per year . 

Azotobacter' is mu l t i pu rpose b io inoculant b e c a u s e it also 

produce growth p romot ing s u b s t a n c e s an t ib io t ics , s t i m u l a n t s 

along with biological n i t rogen fixation. 

Inoculat ion m e t h o d 

A cu l tu r e s u s p e n s i o n was p r e p a r e d by mixing one 

packet (200g) of Azotobacter cu l tu re in 10 l i tre of water . The 

bulbs of t u b e r o s e requ i red for 48m2 (i.e. 960 bulbs) were 

immersed in the s u s p e n s i o n for 15-20 m i n u t e s , t a k e n out and 

dried in s h a d e for 15-20 m i n u t e s , before p lan t ing . The 

commercial cu l tu re of Azotobacter was suppl ied by Biofertilizer 

Production Technology Section D e p a r t m e n t of Microbiology CCS 

HAU, Hisar. 

ii) Phosphorus Solubilizing Bacteria (PSB) 

P h o s p h o r u s solubilizing bioferti l izers a r e the micro­

organisms (bacter ia and fungi) which he lp in solubi l izat ion of 

fixed p h o s p h o r u s t h a t is t hese o rgan i sms c h a n g e unava i l ab le 

form of p h o s p h o r u s to available form of p h o s p h o r u s by 

l iberat ing organic ac ids which minera l ize organic p h o s p h o r u s to 

a soluble form. 
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Inoculation method 

One packet of commercial PSB inoculum was 

suspended in 10 litres of water and the bulbs of tuberose were 

immersed for 15-20 minutes. After that bulb were allowed to dry 

in shade and then planted in the plots. The source of 

commercial culture of phosphate solubilizing bacteria was same 

as in the case of Azotobacter culture. 

iii) Azospirillum 

Azospirillum is a free living nitrogen fixer and occurs 

in association with roots of almost all plants of agricultural 

importance. This culture is prepared by using highly efficient 

nitrogen fixing strain of the organism. 

Among various crops tested for their response to 

Azospirillum cultures under different soil and agro-climatic 

conditions of our country, Jowar, Bajra, Ragi and millets. 

Barley, Oats and several forage grasses and fodder crops 

responded favourably to bacterial inoculation. The response of 

these crops to inoculation with Azospirillum on grain/fodder 

yield is almost equivalent to that attainable due to the 

application of 15-20 kg N/ha . 



Inoculat ion m e t h o d 

A cu l tu re s u s p e n s i o n was p r e p a r e d by mixing one 

packet (150-200g) of Azospirillum cu l tu re in 10 l i t res of water . 

The bu lbs of t u b e r o s e requi red for 48 m^ (i.e. 960 bulbs) were 

immersed in the s u s p e n s i o n for 15-20 m i n u t e s , t a k e n out and 

dried in s h a d e for 15-20 m i n u t e s before p lan t ing . The source of 

commercial cu l tu re of Azospirillum was s a m e a s in the case of 

Azotohacter cu l t u r e . 

3 .8 .4 Observat ions recorded 

Observa t ions were recorded from five randomly 

selected p l a n t s from each t r e a t m e n t (Plot) leaving the border 

p lan ts . The d a t a for following p a r a m e t e r s were collected in both 

the yea rs . 

3 .8 .4 .1 Growth parameters 

i) Number of days taken for sprout ing of bulbs 
f 

Time t a k e n for sprou t ing of bu lb w a s recorded from 

date of p lan t ing to the da te of a p p e a r a n c e of co ty ledonary leaves. 

Average for all b u l b s per plots was worked out . 

ii) Percent sprout ing of bulbs 

Sprou t ing pe rcen tage was ca lcu la ted on the bas i s of 

n u m b e r of b u l b s s p r o u t e d out of t he to ta l n u m b e r of bu lbs 

planted. 
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iii) Plant height 

Plant height was measured from the base of plant to 

the tip of spike at the time of full bloom stage with the help of 

meter rod and the average plant height was worked out. 

iv) No. of leaves per plant 

Number of leaves per plant were counted on 90*^ day 

after planting of bulbs. The average number of leaves per plant 

were worked out. 

v) Length of leaves 

Length of leaves were measured with the help of meter 

rod at the time of full bloom stage and averaged. 

vi) Leaf area 

The five leaves (fully expanded and recently matured) 

were taken from each plant at the time of full bloom stage and 

leaf area was worked out with the help of leaf area meter. 

3.8.4.2 Flowering parameters , 

i) Number of days taken for spike emergence 

Number of days taken for appearance of spike from 

date of planting of bulbs were recorded and average number of 

days were worked out. 

ii) Number of days taken for opening of basal floret 

Time taken in basal floret opening was recorded from 

the date of planting of bulbs to the date of basal floret opening 

and average time in days was calculated per plant. 



iii) Length of spike 

Length of spike per plant was measured with the help 

of meter rod from the point of emergence to the tip of spike at 

the time of opening of first floret. 

iv) No. of f lorets/spike 

The number of florets produced in a spike were 

counted and average was worked out. 

v) Spike girth 

It was noted at a level below the 1st floret. 

vi) Rachis length 

From portion of flower spike bearing floret to the top 

of floret was measured to measure the length of rachis. 

vii) Duration of flowering 

The period between opening of first floret and last 

floret of a spike per plant of same plot was noted and the 

average was worked out for expressing duration of flowering. 

3.8.4.3 Bulb production 

i) Number of bulbs produced/plant 

After harvesting or digging of the bulb, the number of 

bulbs and bulblets per plant were counted and their average 

number was worked out accordingly. 
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ii) Weight of bulbs/plant 

The weight of bulbs and bulblets per plant were 

recorded on physical balance after harvesting the bulbs from the 

plot and their average weight was calculated. 

iii) Diameter of bulb 

Diameter of bulb recorded with the help of digital 

verneer calliper. 

3.8.4.4 Root characters 

Five plants per plot were carefully uprooted without 

damaging roots. The heavy irrigation was applied for two days 

continuously, water allowed to stagnate in plots and then plants 

were carefully uprooted. 

i) Number of roots developed per plant 

Total number of roots were counted individually. 

Finally the average number of roots were recorded. 

ii) Average length of root per plant 

The length of roots were measured and average root 

length of each plant were recorded. 

iii) Total root biomass 

The uprooted plants were collected from the 

experimental field to determine the total root biomass. These 

were 1st dried in sunlight and then in oven at 60°C till constant 

weight was obtained. Finally the total root biomass were 

recorded with the help of electrical balance. 
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3 .8 .4 .5 Leaf and soi l ana lys i s 

i) Leaf ana lys i s 

The fully developed and recent ly m a t u r e d (i.e. 3""̂  

whirl of leaves from outside) leaves were r a n d o m l y sampled from 

each plot at full bloom stage for es t imat ion of N, P, K and Zn. 

a) E s t i m a t i o n of n i trogen 

Nitrogen was es t imated by Ness ler ' s r e a g e n t me thod 

as per s t a n d a r d p r o c e d u r e (Jackson, 1967). 

b) E s t i m a t i o n of phosphorus 

The total p h o s p h o r u s con ten t w a s de t e rmined 

according to vandomolybda te p h o s p h a t e yellow colour me thod 

(Jackson, 1967). 

c) E s t i m a t i o n of po tas s ium 

Po ta s s ium was es t imated by flame p h o t o m e t e r me thod 

as descr ibed by Pier (1966). 

d) E s t i m a t i o n of z inc 

Zinc was e s t ima ted by inductively coupled p l a s m a 400 

spec t rophotomete r . 

ii) Soi l ana lys i s 

Available n i t rogen was d e t e r m i n e d by alkal ine 

p e r m a n g a n a t e m e t h o d a n d organic ca rbon by Walkley 's and 

Black Rapid Ti t ra t ion me thod . P h o s p h o r u s was e s t ima ted by 

Olsen's me thod as descr ibed by J a c k s o n (1973). Available po t a sh 

was de t e rmined by flame pho tomete r ( a m m o n i u m ace ta te 
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solution) method (USDA Hand book No. 60, 1954). Available Zn 

was determined by DTPA method given by Lindsay and Norwel, 

1955. Soil pH was determined by glass electrode pH meter, 1:2 

soil water suspension (by USDA Hand book No. 60, 1954). Soil 

EC (dSm-i) was determined by EC meter, 1:2 soil water 

suspension (by USDA Hand book No. 60, 1954). 



CHAPTER - IV 

<:y\E.^U.Lh. 

In the present investigation, interaction effect of 

biofretilizers with nitrogen and plant geometry (spacing) on 

growth, flowering, bulb production, root characters and N, P, K 

an Zn contents in tuberose were studied. Th results are 

presented under different headings in this chapter as given 

below: 

4.1 Growth Parameters 

4.1.1 Number of days taken for sprouting of bulbs 

The perusal of data presented in Table 2 and 3 

showed that application of nitrogen had significantly advanced 

the sprouting of bulbs over the control during both the years. 

The Na level (200 Kg N ha-^) was found to be at par with N3 level 

(300 Kg N ha-i) and these both were significantly advanced the 

sprouting of bulbs as compared to Ni level (100 Kg N ha-i) 

during 2001 and 2002, respectively. The bulbs sprouted in 

12.20 and 12.15 da3^s at N3 level, which was at par with N2 level 

during 2001 and 2002, respectively whereas , in control bulbs 
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Sprouted in 17.28 and 17.69 days during 2001 and 2002, 

respectively. It is further clear from the data that days taken for 

sprouting of bulbs were also significantly advanced with the 

increasing levels of plant geometry (spacing) over Si (20 x 20cm) 

and S2 (20 x 25 cm) levels of plant geometry (spacing) during 

both the years. The bulbs sprouted in 13.35 and 13.59 days at 

S3 (20 X 30 cm)level during 2001 and 2002, respectively whereas, 

in Si level bulbs sprouted in 14.44 and 15.23 days during 2001 

and 2002, respectively. It is also clear from the data that 

application of only BFi {Azotobacter) biofertilizer had significantly 

shortened the sprouting period over control during both the 

years. The minimum days for sprouting of buls i.e. 12.49 and 

12.92 were recorded with the application of BFi (Azotobacter) 

level of biofertilizer whereas, maximum days for sprouting of 

bulbs i.e. 15.20 and 15.60 were recorded in control in 2001 and 

2002, respectively. The interactix)ns of N x S and N x BF were 

also found significant as in both the t rea tments the sprouting 

period was reduced. The interactions of SxBF and NxSxBF were 

found to be non-significant during both the years. 

4.1.2 Per cent sprouting of bulbs 

A significant increase in per cent sprouting of bulbs 

was observed with the increasing levels of nitrogen over the 

control during both the years. The N2 level was found to be at 

par with N3 level & these both were significantly higher as 
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compared to Ni level in both the years (Table 4 & 5). Maximum 

per cent sprouting (89.90% and 92.77%) were recorded under 

treatment N3, which was at par with t reatment N2 whereas, 

minimum per cent sprouting (81.96% and 84.73%) were 

recorded without application of nitrogen, during 2001 and 2002, 

respectively. It is further clear from, the data that per cent 

sprouting of bulbs was also increased significantly with the 

increasing levels of plant geometry (spacing) over Si and S2 

levels of plant geometry (spacing) during both the years. 

Maximum per cent sprouting i.e. 88.04% and 90.06% were 

recorded under S3 level of plant geometry (spacing), whereas 

minimum per cent sprouting i.e 86 .51% and 88.00% were 

recorded under Si level of plant geometry (spacing) during 2001 

and 2002, respectively. It is also clear from the data that 

application of different biofertilizers had also increased the per 

cent sprouting of bulbs significantly over the control, with 

maximum per cent sprouting in case of BF2 [Phosphorus 

Solubilizing Bacteria) i.e. 87.90% and 90.23% during 2001 and 

2002, respectively. The interaction of NxS and NxBF had also 

increased the per cent sprouting of bulbs significantly in both 

the years. The interaction of SxBF and NxSxBF were found to be 

non-significant in both the years. 
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â  
in 
00 

(M 
vO 
CO 
CO 

CO 

r-
00 
CO 

r—1 

in 
CO 
00 

00 
00 

00 
00 

t> 

q 
LO 
00 

IN 

ro 
b^ 
00 

1—1 

\t; 
C^ 
00 

00 
CSJ 

IN 
00 

o 
CO 
00 

o 
(J] 

00 

vD 00 in 
cr; 00 o 
O r-< 00 
00 00 00 

00 !£> CJN 
CT\ CO O 

•^ iii \6 
00 00 00 

o '-^ CS 
<J\ 00 O^ 
IN CO cy> 
00 00 00 

<-* CO a 
00 o j CO 

0 ^ CD i-i 
CO CTi CTs 

0 0 C N 0 0 C 3 ^ l n O L n c 0 • - ^ C N O C 0 l O O V D \ ^ 
v o v x j i N v D K f - ^ r s b - c ^ N v D b - ^ a i C T ^ c r i c n 
r - i c s c o c N i n i n v d L n o o c j ^ c D c j J c T l c D r - i o 
O 0 0 0 C O 0 O C X ; O D 0 0 0 0 0 O < X ! ( 7 \ O 0 0 O C T i C ^ C ? ^ 

O l n ( ^ q ^ ^ > ^ ^ l n o v £ > o c ^ u ^ l ^ ' = i ' 0 ^ o 0 ' ^ o 
' v } - C 0 U 3 ' s f v £ ) ! N C ^ N i n ' N t - V O L O 0 0 l N 0 0 0 0 C r > 
• - | ( M o o c N l n ^ O I N ^ o o c ^ o C 3 ^ a ^ O ' - l O 
o o o o o o o o o o o o o o o o c o o o c n o o o o c n c ^ C T ^ 

C 0 O O 0 0 C N O ' ^ < N < c f - O 
i n ' t L O ' < ; t - i n ^ x ) ! > > £ ) < ^ r o o 00 00 - - I lO 00 

C^ 00 00 C?> 00 

• - i c N i r o c < i i n * x > t N v o o o a i o c 7 ^ C J ^ o — l O 
o o o o o o o o c o o o o o o o o o o o c y \ o o o o c r i c r i < y i 

o i n c o ' - i o c o i n ^ i n o C N C ^ L O C N O c r * 
( M r - i ( M c < i o O ' ^ i n \ f c n o o c T i C ( ) L O ' = t u o ^ 
c ^ d ' - ' < D o o ' 3 - i n ^ i o v £ ) t ^ ' v £ ) i > o 6 o ^ o 6 
I N O O O O O O O O O O O O C O C O O O O O O O C O C O O O O O 

IN 

2 

(-< r-* CN fO r^ 

3 W OT CO § 
1) <U 

^ 

00 

IN 
00 

IN 
CO 

00 

00 

LO 

LO 
00 

u 

> 
O 

^ 00 
fM l ^ CO OT 

CN oi Is ^; 

CO 
!x| 

^ 
X 

^ 
X 

CO 

CQ 
X 

CO 

X 

s 

t - i "sf CTi 
o in CN 

in fc 
+̂  ^ CO m 
as 
Q 

d 



64 

a 
•r4 

(A 

0 

* J 

?l 
0 
u 

tA 

a 
V 
0 
H 
« 

a 
0 

N 

u 

N 

0 

XI 

a 
a 
>> 
U 

s 
0 

u 

u 
tii) 
0 

0 V 
ta 

u 0 

Kl 

U) 

.fl 

o 
o 

o 

CQ 

4) 

6^ 

IH CI] 

4) u 

_ 

—— 
W, 

o 
o 00 
00 

00 

00 

o 

0^ 
00 

^4-
00 

ro 
OO 

00 

00 
If) 

00 

o 

0^ 
00 

0^ 

(X) 

00 
0^ 

OO 
00 

O 

o 

o 

OO 

o 

0^ 

00 

OO 
00 

O o 

00 
UO 

o 

\D 
O 

6 

CN O) O 

r t ^ LO 
CO 00 CO 

' d ' >X3 00 
vD CN OO 

t > 00 d 
O) 00 cr> 

IN r t O 
l > CO <N 

^ ^ oi 
cTi o^ cr> 

IN O lO 
lO vX3 — I 
OJ CQ CO 
c^ a> cji 

LO 
CO 

O 

00 

00 

00 

r—1 

00 

CO 

lO 

LO 
00 

LO 
00 

LO 
00 

00 
LO 

00 

o 
.—1 

00 
00 

o 

en 

lO 
00 

1—1 

OO 

l O 
00 

LO 

LO 
00 

o 
00 

00 

CO 

00 

LO 
00 

\0 

LO 
CO 

00 
CO 

lO 
00 

CN 
00 

ctf 
(U 

CSl 
i-H 

00 
00 

00 
00 

COi 
CO 

o 

00 
00 

00 

LO 
CO 

CO 

IN 
cy> 

IN 
00 

CM 

00 

LO 

00 
CO 

IN 

00 

CO 

2 

IN 

o 
cr> 

o 
00 
.—1 

as 

CO 
LO 
.—1 

o 

00 

CO 

LO 

CO 
00 

IN 

CTi 
00 

CO 
LO 

c^ 
00 

CO 

IN 
CO 

d 
ctf 

o 

C<l 
a\ 

CM 

CM 
0 ^ 

CO 

00 

CO 

00 

0^ 

CM 

O 
00 

C\I 
0^ 

OO 

C7^ 
CO 

(N 

CO 

r—1 

CO 
0 ^ 

CM 

LO 

CM 
C7^ 

I—1 
r—1 

6 
0^ 

CO 

r—4 

00 

CM 
C7> 

CO 

CM 

t N 

c:^ 
00 

OO 

CO 

LO 

o 
CO 

o 

CO 

i > 

CD 
cy. 

CO 

LO 
CM 

CO 

•vt-

CO 
C3> 

00 
r - l 

OO 

o 
00 

6 
en 

C/) 

OO 

CO 
cy> 

o 

00 
as 

a^ 

OO 

CO 
CM 

r—1 

as 

CO 

CO 

00 

CO 

o 
CO 

CO 
C7> 

00 

00 

LO 

a] 

6 

LO 
r—( 

O 
as 

00 
CM 

o 
as 

1—i 

o 

I N 

I N 
00 

Ctf 
V 

t—1 >-< 
u 
0) 
> 

IN \|-
00 h- CO CO 
CM OJ ^ 2 

II II 

CO 

X 

2 

[X, 
CQ 
X 

^; 
X 

CO 

PQ 

CO 

X 

z 

l O 

Q 
d 

a\ r-̂  IN 
"-I LO r o 

II II 

2 ; CO m 



<R€S1JLTS 65 

4.1.3 Plant height 

The observations recorded on plant height are 

presented in Table 6 & 7. It is clear from the data that plant 

height increased significantly with increasing levels of nitrogen 

over the control in both the years. The Ns t reatment was 

significantly higher over N2 and Ni t reatments during both the 

years. The increasing plant geometry (spacing) signifincatly 

decreased the plant height over the Si and S2 levels of plant 

geometry (spacing) in both the years. It is further clear that the 

treatment N3 has produced longest plant height i.e. 70.01cm and 

72.01cm, whereas the shortest plant height i.e. 56.14cm and 

58.23cm were obtained without application of nitrogen in 2001 

and 2002, respectively. But in case of plant geometry (spacing) 

plant height decreased with the increasing plant geometry 

(spacing). The longest plant height i.e. 57.01cm and 68.00cm 

were recorded under the Si during both the years respectively. 

Similarly in case of different biofertilizers plant height was 

increased significantly over control by all the biofertilizers except 

BF3 {Azospirillum) in 2001 , with maximum plant height in case 

of BFi {Azotobacter) biofertilizer i.e. 67.08 cm and 68.09cm 

during 2001 85 2002, respectively. The interaction of NxS and 

SxBF showed significant increase in the plant height, in both 

the years. The interaction of NxBF and NxSxBF showed significant 



66 

(S 
0) 
0 

0 
fi 
Pl 

u 

0 
.O 

•d 
d 
d 

>. 
h 

V 

0 
V 

4) 
!iA 
0 
k 
•u 

Ci 

<H 
0 
•u 
U 

is 

o 
o 

d CO 

4) « 

P5 

o 

(0 

a 
4) 

N 

^ oS 

Jr. c 

0 g 

,,_ 

cfe §m 

—-* CO 

T — 1 

q 

o 
o 
^ 
v£) 

CM 
CJN 

00 
vD 

^ 
r - i 

VD 
in 

^ 
f - H 

N 
\0 

a\ 
O] 
in 
^ 

o 
^. 

m 
a> 
CO 
vO 

i ^ 

o 
CO 
VO 

o 
£> 

vo 
VD 

"̂  
00 

in 
^ 

o 
, — < 
in 
«̂  
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Plate 2: Effect of nitrogen, plant geometry and biofertilizers 

on plant height 



increase in plant height in the year 2001 , but showed non­

significant increase in plant height in the year 2002. 

4.1.4 Number of leaves per plant 

It is evident from the Table 8 & 9 that application of 

nitrogen, plant geometry (spacing) at their increasing levels and 

different biofertilizers had increased significantly the number of 

leaves in both the years. It is further clear from the data that the 

increasing levels of nitrogen had increased significantly the 

number of leaves per plant over the control in both the years. 

The N3 t reatment was significantly higher over the N2 and Ni 

treatments during both the years. Maximum number of leaves 

(59.02 and 62.07) per plant were recorded under t reatment N3, 

whereas, minimum (40.77 and 43.78) number of leaves were 

produced without application of nitrogen during 2001 and 2002, 

respectively. Perusal of the data has further revealed that 

number of leaves per plant were also increased significantly with 

the increasing levels of plant geometry (spacing) over Si and S2 

levels of plant geometry (spacing) during both the years. 

Maximum number of leaves per plant i.e. 55.94 and 57.62 were 

obtained with the S3 level of plant geometry (spacing) whereas, 

minimum number of leaves (49.83 and 51.72) were observed 

with Si level of plant geometry (spacing) in 2001 and 2002, 

respectively. Perusal of the data also revealed that application of 

different biofertihzers had increased significantly the number of 
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Plate 3: Effect of nitrogen, plant geometry and biofertilizers 

on number of leaves per plant 



leaves per plant over the control during both the years. The 

maximum number of leaves per plant i.e. 55.32 and 57.12 were 

obtained with the application of BFi [Azotobacter] level of 

biofertilizer, whereas, minimum number of leaves (50.48 and 

52.21) were observed without application of biofertilizers in 2001 

and 2002, respectively. All the interactions had increased 

significantly the number of leaves in first year but they were 

non-significant in second year. 

4.1.5 Length of leaves (cm) 

It is clear from the Table 10 & 11 that application of 

nitrogen, plant geometry (spacing) at their increasing levels and 

different biofertilizers had increased significantly the length of 

leaves in both the years. It is further clear from the data that the 

increasing levels of nitrogen had increased significantly the 

length of leaves over the control but N2 and N3 t reatments were 

found to be at par and these both were significantly higher as 

compared to Ni t reatment in both the years. Maximum length of 

leaves (39.24cm and 40.62cm) were recorded under t reatment N3 

which was at par with treatment N2, whereas, minimum length of 

leaves i.e. 32.95cm and 34.50cm were produced without 

application of nitrogen during 2001 and 2002, respectively. 

Perusal of the data has further revealed that length of leaves 

were also increased significantly with the increasing levels of 

plant geometry (spacing) over Si and S2 levels of plant geometry 
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(spacing) during both the years. Maximum length of leaves i.e. 

38.42cm and 39.53cm were obtained with the S3 level of plant 

geometry (spacing) whereas, minimum length of leaves (35.97cm 

and 37.12cm) were observed with Si level of plant geometry 

(spacing) in 2001 and 2002, respectively. Perusal of the data 

also revealed tha t application of different biofertilizers had 

increased significantly the length of leaves over the control. The 

maximum length of leaves i.e. 38.37cm and 39.72cm were 

obtained with the application of BFi [Azotobacter] level of 

biofertilizer whereas, minimum length of leaves (35.85cm and 

36.86cm) were observed without application of biofertilizers in 

2001 and 2002, respectively. The interaction of NxS showed 

significant increase in length of leaves in both the years. The 

interaction of NxBF showed significant increase in length of 

leaves in the first year, but non-significant in second year. The 

interaction of SxBF was found to ,be non-significant in both the 

years. The interaction of NxSxBF were found to be non­

significant in the first year, whereas, showed significant increase 

in length of leaves in the second year. 

4.1.6 Leaf area (cin2) 

It is evident from the Table 12 8B 13 that application of 

nitrogen, plant geometry (spacing) at their increasing levels and 

different biofertilizers had increased the leaf area significantly in 

both the years. It is further clear from the data that the increasing 
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levels of nitrogen had increased significantly the leaf area over 

the control but N2 and N3 treatments were found to be at par and 

these both were significantly higher as compared to Ni treatment 

in both the years. Maximum leaf area (241.02cm2 and 

250.3lcm2) were recorded under t reatment N3, which was at par 

with t reatment N2, whereas, minimum leaf area i.e. 209,5lcm2 

and 218.12cm2 were produced without application of nitrogen 

during 2001 and 2002, respectively. Perusal of the data has 

further revealed that the leaf area was also increased 

significantly with the increasing levels of plant geometry 

(spacing) over Si and S2 levels of plant geometry (spacing) during 

both the years. Maximum leaf area i.e. 236.55cm2 and 

244.5Icm^ were obtained with the S3 level of plant geometry 

(spacing) whereas, minimum leaf area i.e. 226.42cm2 and 

234.12cm2 were observed with Si level of plant geometry 

(spacing) in 2001 and 2002, respectively. Perusal of the data 

also revealed that application of different biofertilizers had 

increased the leaf area significantly over the control. The 

maximum leaf area i.e. 235.87cm2 and 244.0Icm^ were 

obtained with the application of BFi {Azotobacter) level of 

biofertilizers whereas, minimum leaf area i.e. 225.7lcm2 and 

233,l lcm2 were observed without application of biofertilizers in 

2001 and 2002, respectively. The interaction of NxS and SxBF 

showed significant increase in leaf area in both the years. The 
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interaction of NxBF and NxSxBF were found to non-significant in 

the first year, whereas, showed significant increase in leaf area 

during the second year. 

4.2 Flowering Parameters 

4.2.1 Number of days taken for initiation of spike 

The data recorded on number of days taken for spike 

emergence is presented in Table 14 & 15. It is apparent from the 

data that the spike emergence was significantly affected by the 

application of nitrogen, plant geometry (spacing) and 

biofertilizers during both the years. It is further clear from the 

data that the increasing levels of nitrogen had significantly 

delayed the spike emergence over the control but N2 and N3 

treatments were found to be at par and these both were 

significantly delayed the spike emergence as compared to Ni 

treatment in both the years. The days taken for spike emergence 

were minimum at No level (75.76 days and 76.80 days) whereas, 

maximum (87.10 days and 88.20 days) at N3 level, which was at 

par with N2 level in 2001 and 2002, respectively. Perusal of the 

data has further revealed that spike emergence was also 

significantly delayed with the increasing levels of plant geometry 

(spacing) over Si and S2 levels of plant geometry (spacing) during 

both the years. Highest level of plant geometry (spacing) i.e. S3 

also took maximum (85.14 and 85.61) days for spike emergence 

while min imum (82.05 and 82.50) days were recorded at the 
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lowest level of plant geometry (spacing) i.e. Si, in 2001 and 2002, 

respectively. It is clear from the table that plant geometry 

(spacing) had taken less number of days for spike emergence as 

compared to nitrogen. It is also clear from the data that 

application of biofertilizers had significantly advanced the spike 

emergence over the control except BF3 [Azospirillum] in year 

2002. In case of inoculation of BF2 {Phosphorus Solubilizing 

Bacteria), spike emergence took minimum days (82.14 and 

82.64) followed by BFi {Azotobacter) and BF3 {Azosprillum) in 

both the years. The interaction of NxS had also significantly 

enhanced the spike emergence in 2001, whereas, this interaction 

was found non-significant in 2002, The interactions of NxBF, 

SxBF and NxSxBF were found non-significant in both the years. 

4.2.2 Number of days taken for opening of basal floret 

Perusal of the data presented in Table 16 & 17 

indicate that the basal floret opening was significantly affected 

by the application of nitrogen, plant geometry (spacing) and 

biofertilizers during both the years. It is further clear from the 

data that the increasing levels of nitrogen had significantly 

delayed the basal floret opening over the control but N2 and N3 

treatments were found to be at par and these both were 

significantly delayed the basal floret opening as compared to Ni 

treatment in both the years. The days taken for basal floret 

opening were minimum at No level (90.77 days and 92.87 days) 
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whereas, maximum (104.00 days and 106.22 days) at N3 level, 

which was at par with N2 level in 2001 and 2002, respectively. 

Perusal of the data has further revealed that basal floret opening 

was also significantly delayed with the increasing levels of plant 

geometry (spacing) over Si and S2 levels of plant geometry 

(spacing) during both the years. Highest level of plant geometry 

(spacing) i.e. S3 also took maximum (101.24 and 102.62) days 

for basal floret opening while minimum (97.74 and 99.02) days 

were recorded at the lowest level of plant geometry (spacing) i.e. 

Si, in 2001 and 2002, respectively. It is also clear from the data 

that application of biofertilizers had significantly advanced the 

basal floret opening over the control during both the years. In 

case of inoculation of BF2 {Phosphorus Solubilizing Bacteria), 

basal floret opening took minimum days (98,14 and 99,52) 

followed by BFi {Azotobacter) and BF3 {Azospirillum) in both the 

years. The application of nitrogen along with spacing had also 

significantly enhanced the basal floret opening in both the years 

whereas, all other interaction were found to be non-significant. 

4.2.3 Length of spike (cm) 

It is evident from the data recorded on spike length 

presented in Table 18 & 19 that spike length was increased 

significantly with the increasing levels of nitrogen and plant 

geometry (spacing) during both the years. It is further clear from 

the da ta t h a t the inc reas ing levels of n i t rogen had increased 
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Plate 5: Effect of nitrogen, plant geometry and biofertilizers 

on spike length 
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significantly the length of spike over the cont ro l b u t N2 and N3 

treatments were found to be at par and these both were 

significantly higher as compared to Ni t reatment in both the 

years. The maximum spike length was observed at N3 level 

(62.90cm and 64.17cm), which was at par with N2 level during 

2001 and 2002, respectively. Perusal of the data has further 

revealed that spike length was also increased significantly with 

the increasing levels of plant geometry (spacing) over Si and S2 

levels of plant geometry (spacing) during both the years. The 

maximum spike length was observed at S3 plant geometry 

(spacing) i.e. 60.71 cm and 14.91cm during 2001 and 2002, 

respectively. It is also clear from the data that all the 

biofertilizers except BF3 [Azospirillum] increased significantly the 

spike length over the control in both the years. The maximum 

spike length was recorded i.e. 60.62cm and 61.17cm when bulbs 

were inoculated with BFi [Azotphacter] in 2001 and 2002, 

respectively. The interaction of NxS, showed a significant 

increased in spike length during both the years. The interactions 

of NxBF, SxBF and NxSxBF had shown non-significant effect 

during both the years. 

4.2.4 Number of f lorets/spike 

Observations were recorded on the number of florets 

per spike and these were given in Table 20 & 21 . It is evident 

from the table that nitrogen, plant geometry (spacing) and biofertilizers 
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Plate 4: Effect of nitrogen, plant geometry and biofertilizers 

on number of florets per spike 



had increased significantly the number of florets per spike 

during first as well as in second year of the experiment. It is 

further clear from the data that the increasing levels of nitrogen 

had increased significantly the number of florets per spike over 

the control but N2 and N3 treatments were found to be at par and 

these both were significantly higher as compared to Ni treatment 

in both the years. Maximum florets per spike (34.48 and 36.25) 

were recorded under t reatment N3, which was at par with N2 

treatment whereas, minimum florets per spike (25.09 and 26.99) 

were produced without application of nitrogen during 2001 and 

2002, respectively. Perusal of the data has further revealed that 

number of florets per spike were also increased significantly 

with the increasing levels of plant geometry (spacing) over Si and 

S2 levels of plant geometry (spacing) during both the years. 

Maximum number of florets per spike i.e. 33.82 and 34.93 were 

obtained with the S3 level of plant geometry (spacing) whereas, 

minimum number of florets per spike i.e. 29.61 and 30.65 were 

observed with Si level of plant geometry (spacing) in 2001 and 

2002, respectively. Perusal of the data also revealed that 

application of different biofertilizers had increased significantly 

the number of florets per spike over the control during both the 

years. The maximum number of florets per spike i.e. 33.58 and 

34.76 were obtained with the application of BFi (Azotohacter) 

level of biofertilizer whereas, minimum number of florets per 
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Spike i.e. 29.40 and 30.43 were observed without application of 

biofertilizers in 2001 and 2002, respectively. The interaction of 

NxS, showed a significant increase in number of florets per spike 

during both the years. All other interactions were found to be 

non-significant in both the years. 

4.2.5 Spike girth (mm) 

It is clear from the data recorded on spike girth (mm) 

and presented in Table 22 & 23 that spike girth was increased 

significantly with the increasing level of nitrogen and plant 

geometry (spacing) during both the years. It is further clear from 

the data that the increasing levels of nitrogen had increased 

significantly the spike girth over the control but N2 and N3 

treatments were found to be at par and these both were 

significantly higher as compared to Nl t reatment in both the 

years. Maximum spike girth (7.98mm and 8.14mm) was 

observed at N3 level, which was ajt par with N2 level whereas, • 

minimum spike girth (6.36mm and 6.50mm) was observed 

without application of nitrogen during 2001 and 2002, 

respectively. Perusal of the data has further revealed that spike 

girth was also increased significantly with the increasing levels 

of plant geometry (spacing) over Si and S2 levels of plant 

geometry (spacing) during both the years. Maximum spike girth 

i.e. 7.59mm and 7.62mm was obtained with the S3 level of plant 

geometry (spacing) whereas, minimum spike girth i.e. 7.51mm 
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6 d CD 

fi II li 

CO m 



(RfiSVLTS ^̂ ^̂ ^̂ ^̂ ^ 94 

and 7.52 mm was observed with the Si level of plant geometry 

(spacing) in 2001 and 2002, respectively. Perusal of the data 

also revealed that application of only BFi [Azotohacter] 

biofertilizer had increased significantly the spike girth over the 

control during both the years. The maximum spike girth i.e. 

7.57mm and 7.72mm was obtained with the application of BFi 

[Azotobacter] level of biofertilizer, whereas, minimum spike girth 

i.e. 7.44mm and 7.44mm was observed without application of 

biofertilizers in 2001 and 2002, respectively. All interactions 

were found to be non-significant during both the years . 

4.2.6 Rachis length (cm) 

It is evident from the data recorded on rachis length 

(cm) and presented in Table 24 & 25 that rachis length was 

increased significantly with the increasing levels of nitrogen and 

plant geometry (spacing) during both the years. It is further 

clear from the data that the increasing levels of nitrogen had 

increased significantly the rachis length over the control but N2 

and N3 t reatments were found to be at par and these both were 

significantly higher as compared to Ni t reatment in both the 

years. Maximum rachis length (32.49cm and 33.60cm) was 

observed at N3 level, which was at par with N2 level whereas, 

minimum rachis length (28.29cm and 29.31cm) was observed 

without application of nitrogen during 2001 and 2002, 

respectively. Perusal of the data has further revealed that rachis 
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length was also increased significantly with the increasing levels 

of plant geometry (spacing) over Si and S2 levels of plant 

geometry (spacing) during both the years. Maximum rachis 

length i.e. 31.87cm and 32.73cm was obtained with the S3 level 

of plant geometry (spacing) whereas, minimum rachis length i.e. 

30.29 cm and 31.10cm was observed with the Si level of plant 

geometry (spacing) in 2001 and 2002, respectively. Perusal of 

the data also revealed that application of only BFi {Azotobacter) 

biofertilizer had increased significantly the rachis length over 

the control while other biofertilizers were at par with control in 

year 2001. All the biofertilizers had increased significantly the 

rachis length over the control except BF3 [Azospirillum) in year 

2002. The maximum rachis length i.e. 32.26cm and 33.29cm 

was obtained with the application of BFi [Azotobacter) level of 

biofertilizer, whereas, minimum rachis length i.e. 30.08cm and 

30.71cm was observed without application of biofertilizers in 

2001 and 2002, respectively. The interactions were found to be 

non- significant during both the years. 

4.2.7 Duration of flowering (days) 

It is evident from the data recorded on duration of 

flowering (days) and presented in Table 26 & 27 that duration of 

flowering was increased significantly with the increasing level of 

nitrogen and plant geometry (spacing) during both the years. It 

is further clear from the data that the increasing levels of nitrogen 
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had increased significantly the duration of flowering over the 

control but N2 and N3 treatments were found to be at par and 

these both were significantly higher as compared to Ni treatment 

in both the years. Maximum duration of flowering (16.70 days 

and 17.90 days) was observed at N3 level, which was at par with 

N2 level whereas, minimum duration of flowering (12.94 days 

and 14.18 days) was observed without application of nitrogen 

during 2001 and 2002, respectively. Perusal of the data has 

further revealed that duration of flowering was also increased 

significantly with the increasing levels of plant geometry 

(spacing) over Si and S2 levels of plant geometry (spacing) during 

both the years. Maximum duration of flowering i.e. 15.86 days 

and 17.01 days was obtained with the S3 level of plant geometry 

(spacing) whereas, minimum duration of flowering i.e. 14.94 

days and 15.97 days was observed with the Si level of plant 

geometry (spacing) in 2001 and, 2002, respectively. Perusal of 

the data also revealed that applications of all the biofertilizers 

increased significantly the duration of flowering over the control 

except BF3 [Azospirillum) biofertilizer in the year 2001 . And only 

BFi [Azotobacter] biofertilizer had increased significantly the 

duration of flowering over the control, while other biofertilizers 

were at par with control in the year 2002. Maximum duration of 

flowering was recorded (15.66 days and 16.88 days) when bulbs 

were inoculated with BFi [Azotobacter] biofertilizer whereas, 
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minimum duration of flowering i.e. 15.12 days and 16.11 days 

was observed without application of biofertilizers in 2001 and 

2002, respectively. The interaction of NxS, showed a significant 

increase in duration of flowering during both the years. 

Whereas, all other interactions had shown non-significant effect 

during both the years. 

4.3 Bulb Production 

4.3.1 Number of bulbs produced per plant 

The number of bulbs produced per plant were counted 

and presented in Table 28 & 29. A significant increase in the 

number of bulbs produced per plant were observed with 

biofertilizers and increasing levels of nitrogen and plant 

geometry (spacing) during both the years. It is further clear from 

the data that the increasing levels of nitrogen had increased 

significantly the number of bulbs per plant over the control but 

N2 and N3 t reatments were found to be at par and these both 

were significantly higher as compared to Ni t rea tment in both 

the years. At N3 level maximum bulbs (14.89 and 15.32) were 

produced, which was at par with the N2 level whereas at No level 

minimum bulbs (11.44 and 11.81) were produced during 2001 

and 2002, respectively. Perusal of the data has further revealed 

that number of bulbs per plant were also increased significantly 

with the increasing levels of plant geometry (spacing) over Si and 

S2 levels of p lan t geometry (spacing) dur ing both the years . 
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cĵ  q vD 
CO LO LO 

t-- CO O CX) C5 
CO MD tN '^ *£) 

LO •̂^ CO ^ lO '̂J-

CM 
CNl 

CO 

o 
1> 

o 
,—1 

in 
o 
o 

O 
i n 
00 

CO 

oo 

I—1 

< * 
in 
CM 
r—1 

CO 

o 
o 
1—1 

CM 

CO 

o 

CĴ  
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Maximum number of bulbs per plant i.e. 14.50 and 14.91 were 

obtained with the S3 level of plant geometry (spacing) whereas, 

minimum number of bulbs per plant i.e. 12.21 and 12.59 were 

observed with the Si level of plant geometry (spacing) in 2001 

and 2002, respectively. Perusal of the data also revealed that all 

the biofertilizers had increased the bulbs production 

significantly over the control during both the years. Maximum 

number of bulbs per plant in case of BF2 [Phosphorus 

Solubilizing Bacteria) i.e. 14.39 and 14.86 whereas, minimum 

number of bulbs per plant i.e. 12.02 and 12.32 were observed 

without application of biofertilizers in 2001 and 2002, 

respectively. The interaction of nitrogen with plant geometry 

(spacing) had increased significantly the number of bulbs 

produced per plant with maximum bulbs in case of N3S3 which 

was at par with N2S3 in 2001 and 2002, respectively. The 

interaction of nitrogen with biofertilizers was found to be non­

significant in the year 2001, and had produced significantly 

more bulbs at N2BF2 level which was at par with N3BF2 level in 

the year 2002. Other interactions were found to be non­

significant during both the years. 

4.3.2 Weight of bulbs per plant (g) 

The weight of bulbs produced per plant were weighed 

and presented in Table 30 & 31 . A significant increase in the 

weight of bulbs produced per plant were observed with biofertilizers 
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and increasing levels of nitrogen and plant geometry (spacing) 

during both the years. It is further clear from the data that the 

increasing levels of nitrogen had increased significantly the 

weight of bulbs per plant over the control but N2 and N3 

treatments were found to be at par and these both were 

significantly higher as compared to Ni t reatment in both the 

years. At N3 level maximum weight (282.79 g and 290.12g) was 

recorded, which was at par with the N2 level whereas at No level 

minimum weight (215.59g and 223.18g) was recorded during 

2001 and 2002, respectively. Perusal of the data has further 

revealed that weight of bulbs per plant was also increased 

significantly with the increasing levels of plant geometry 

(spacing) over Si and S2 levels of plant geometry (spacing) during 

both the years. Maximum weight of bulbs per plant i.e. 270.69g 

and 278.80g was obtained with the S3 level of plant geometry 

(spacing) whereas, minimum weight of bulbs per plant i.e. 

233.03g and 240.66g was observed with the Si level of plant 

geometry (spacing) in 2001 and 2002, respectively. Perusal of 

the data also revealed that all the biofertilizers had increased 

the weight of bulbs per plant significantly over the control 

during both the years. Maximum weight of bulbs per plant in 

case of BF2 [Phosphorus Solubilizing Bacteria) i.e. 273.33g and 

282.60g whereas, minimum weight of bulbs per plant i.e. 

227.53g and 233.82g was observed without application of 
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biofertilizers in 2001 and 2002, respectively. The interaction of 

nitrogen with spacing had increased significantly the weight of 

bulbs per plant with maximum weights in case of N3S3 which 

was at par with N2S3 in 2001 and 2002, respectively. The 

interaction of nitrogen with biofertilizers had increased 

significantly the weight of bulbs per plant with maximum weight 

in case of N3BF2 which was found to be at par with N2BF2 in 

2001 85 2002, respectively. The interaction of spacing with 

biofertilizers had increased significantly the weight of bulbs per 

plant with maximum weight in case of S2BF2 in 2001 and 2002, 

respectively. The interaction of NxSxBF had increased 

significantly the weight of bulbs per plant with maximum weight 

in case of N3S3BF2 which was at par with N2S3BF2 in 2001 and 

2002, respectively. 

4.3.3 Diameter of bulb (mm) 

The diameter of bulbs is presented in Table 32 & 33. 

A significant increase in the diameter of bulbs was observed with 

biofertilizers and increasing levels of nitrogen and plant 

geometry (spacing) during both the years. It is further clear from 

the data that the increasing levels of nitrogen had increased 

significantly the diameter of bulbs over the control but N2 and N3 

treatments were found to be at par and these both were 

significantly higher as compared to Ni treatment in both the years. 
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Plate 6: Effect of nitrogen, plant geometry and biofertilizers 

on bulb production and root characters 
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At Ns level maximum diameter of bulbs (26.18mm and 26.55mm) 

was produced, which was at par with the N2 level whereas at No 

level minimum diameter of bulbs (22.86mm and 23.23mm) was 

produced during 2001 and 2002, respectively. Perusal of the 

data has further revealed that diameter of bulbs was also 

increased significantly with the increasing levels of plant 

geometry (spacing) pver Si and S2 levels of plant geometry 

(spacing) during both the years. Maximum diameter of bulbs i.e. 

25.37mm and 25.75mm was obtained with the S3 level of plant 

geometry (spacing) whereas, minimum diameter of bulbs i.e. 

24.57mm and 24.94mm was observed with the Si level of plant 

geometry (spacing) in 2001 and 2002, respectively. Perusal of 

the data also revealed that all the biofertilizers had increased 

the diameter of bulbs significantly over the control during both 

the years. Maximum diameter of bulbs in case of BF2 

(Phosphorus Solubilizing Bacteria) i.e. 25.91mm and 26.39mm 

whereas, minimum diameter of bulbs i.e. 23.83mm and 

24.09mm was observed without application of biofertilizers in 

2001 and 2002, respectively. The interaction of nitrogen with 

spacing had increased significantly the diameter of bulbs with 

maximum diameter in case of N3S3 which was at par with N2S3 in 

2001 and 2002, respectively. The interaction of nitrogen with 

biofertilizers had produced significantly were diameter of bulbs 



at N2BF2 level which was at par with N3BF2 level in 2001, and 

was found to be non- significant in the year 2002. The 

interaction of spacing with biofertilizers had produced 

significantly more diameter of bulbs at S3BF2 in the 3^ear 2001 

and was found to be non- significant in the year 2002. The 

interactions of NxSxBF had increased significantly the diameter 

of bulbs with more diameter of bulbs in case of N3S3BF2 which 

was at par with N2S3BF2 in the year 2001, and was found to be 

non-significant in the year 2002. 

4.4 Root characters 

4.4.1 Number of roots developed per plant 

Number of roots per plant were counted at the end of 

the growing season in both the years and the data is presented 

in Table 34 & 35. Number of roots per plant were increased 

significantly with the increasing levels of nitrogen and plant 

geometry (spacing) in both the years. It is further clear from the 

data that the increasing levels of nitrogen had increased 

significantly the number of roots per plant over the control but 

N2 and N3 t rea tments were found to be at par and these both 

were significantly higher as compared to Ni t rea tment in both 

the years. At N3 level maximum number of roots (96.65 and 

98.83) were recorded, which was at par with the N2 level 

whereas, at No level minimum number of roots (81.53 and 83.55) 

were recorded during 2001 and 2002, respectively. Perusal of 
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the data has further revealed that number of roots per plant 

were also increased significantly with the increasing levels of 

plant geometry (spacing) over Si and S2 levels of plant geometry 

(spacing) during both the years. Maximum number of roots per 

plant i.e. 93.74 and 95.76 were produced with the S3 level of 

plant geometry (spacing) whereas, minimum number of roots per 

plant i.e. 88.30 and 90.07 were produced with the Si level of 

plant geometry (spacing) in 2001 and 2002, respectively. Perusal 

of the data also revealed that all the biofertilizers had increased 

the number of roots per plant significantly over the control 

except BF3 [Azospirillum] in the year 2001 , with maximum 

number of roots per plant in case of BF2 [Phosphorus Solubilizing 

Bacteria) i.e. 93.22 and 95.26 whereas, minimum number of 

roots per plant i.e. 88.90 and 90.44 were observed without 

application of biofertilizers in 2001 and 2002, respectively. The 

interaction of nitrogen with spacing had increased significantly 

the number of roots per plant with maximum number of roots 

per plant in case of N3S3 which was at par with N2S3 in 2001 and 

2002, respectively. Other interactions were found to be non­

significant during both the years. 

4.4.2 Average length of roots per plant (cm) 

Average length of roots were measured at the end of 

growing season in both the years and the data is given in Table 

36 & 37. Average length of roots per plant were increased significantly 
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ĉ  
t> 

CN 
LO 

i > 

t> 

CO 

I> 

ON 

I> 

o 

LO 

o 
00 

I> 

00 
LO 

b -

co 
) — f 

00 

00 

t> 

oo 
i> 

Q^ 
h -

t ^ 

i n 

00 

CNl 

00 

vo 

cy. 

00 

VO 

00 

I—1 

CM 

a^ 

v£> 
0 0 

!> 

r—l 

CJN 

in 

00 

in 

CT> 

0 0 

00 

CO 

00 

v£) 
v£) 
00 

CO 

ON 

ON 

0 0 

v£i 

0 0 

00 

vD 
0 0 

00 

vD 
O 
0 0 

r—1 

ON 

IN 
0^ 

0 0 

O^ 

o\ 

CO 

00 

o q 
ON 

ON 
00 

ON 

ON 

VO 
CO 

ON 

r—1 

00 

0 0 

IN 

C7N 

CO 
l > 

[ > 

0 0 
CO 

o6 

00 
t^ 
lO 

o 
CO 

LO 

w 

^ 
CM 

vO 

K) 
vD 

LO 

cs 
00 

o 

CO 
'Cf 

vO 

O 

o 
VO 

n 
CO 

LO 
^ H 

VO 

v,D 
VO 

lO 

(U 

r-
o 
r-

O) 
vO 

vO 

CO 

LO 
LO 

l > 

LO 

o 
o 

cs 

m 

£ 

00 
CO 

1> 

CM 
"̂  
I> 

fO 

CO 

oo 
'^ 
l> 

i n 

o 
IN 

lU 

"̂  
VO 

K) 

i--{ 

O 

00 

CO 

/ 
N 
00 

OO 

ON 
CO 

00 

(N 

CO 

IN 

2 

csi 
CN 

CJN 

(N 
IN 

QO 

CO 

CO 

t—l 

o^ 
0 0 

IN 
CO 

00 

(U 

VO 
IT) 

0 0 

VO 
r—l 

00 

CO 

LO 
CN) 

ON 

LD 
VO 

00 

O) 

U) 

CO 

2: 

C7N 

\|-
CJN 

o 
o 
ON 

CO 

CO 

o 
1—1 

C7N 

O 
VO 

00 

rrt 
(U 

C^ 
ON 

IN 

o 
UO 

N 

0) 

t-i 

> 
0 

n 

VD 
t^ CO 00 CO 
o 2 s 2; 

CO m 

X !«J 

2 2 

CQ 
« 

CO 

CO 

x 
2 

O 00 
CM --I 

o o o 

LO 

P 
d 

[X, 

CO m 



^S'OLTS _ _ _ _ _ _ _ _ _ _ _ _ _ ^ 118 

with increasing levels of nitrogen and plant geometry (spacing) 

in both the years. It is further clear from the data that the 

increasing levels of nitrogen had increased significantly the 

average length of roots per plant over the control but N2 and N3 

treatments were found to be at par and these both were 

significantly higher as compared to Ni t reatment in both the 

years. At N3 level maximum length of roots (8.90cm and 9.00cm) 

were recorded, which was at par with the N2 level whereas, at No 

level minimum length of roots (5.99cm and 6.07cm) were 

recorded during 2001 and 2002, respectively. Perusal of the data 

has further revealed that average length of roots per plant were 

also increased significantly with the increasing levels of plant 

geometry (spacing) over Si and S2 levels of plant geometry 

(spacing) during both the years. Maximum length of roots per 

plant i.e. 8.15 cm and 8.23cm were produced with the S3 level of 

plant geometry (spacing) whereas/ minimum length of roots per 

plant i.e. 7.42cm and 7.50cm were produced with the Si level of 

plant geometry (spacing) in 2001 and 2002, respectively. Perusal 

of the data also revealed that all the biofertilizers had increased 

the average length of roots per plant significantly over the 

control except BF3 {Azospirillum) in year 2002, with maximum . 

root length in case of BF2 {Phosphorus Solubilizing Bacteria) i.e. 

8.28cm and 8.38cm whereas minimum root length i.e. 7.43cm 

and 7.50cm were observed without application of biofertilizers in 
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2001 and 2002, respectively. The interaction of nitrogen with 

spacing had increased significantly the average length of roots 

per plant with maximum root length per plant in case of N3S3 

level, which was at par with N2S3 level in 2001 and 2002, 

respectively. The interaction of nitrogen with biofertilizers were 

found to be non-significant in both the years. The interaction of 

spacing with biofertilizers had increased significantly the 

average length of roots with maximum length of roots per plant 

in case of S3BF2 in the year 2001, and was found to non­

significant in the year 2002. The interactions of NxSxBF had 

increased significantly the average length of roots per plant with 

maximum length of roots per plant in case of N3S3BF2 level, 

which was found to be at par with the N2S3BF2 level, in the year 

2001, and was found to be non-significant in the year 2002. 

4.4.3 Total root biomass (g) 

Total root biomass w,as noted at the end of the 

growing season in both the years and the data is given in Table 

38 & 39. Total root biomass were increased significantly with the 

increasing levels of nitrogen and plant geometry (spacing) during 

both the years. It is further clear from the data that the 

increasing levels of nitrogen had increased significantly the total 

root biomass over the control but N2 and N3 t rea tments were 

found to be at par and these both were significantly higher as 

compared to Ni treatment in both the years. At N3 level maximum 
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ĉ  

CO 
00 
CM 

00 

IN 

CM 

in 
CM 

CO 

iM 

^ 
^ 

IN 
CO 

CM 

00 
CM 

00 

CM 

IN 

CM 

O 
CO 

CO 
CM 

CO 

CM 
CNI 

CO 

CM 
0:1 

CO 

CM 
CO 

00 
CO 

CO 

00 

CO 

CM 

CO 

(X) 
CO 

CO 

LO 
CO 

LO 
r-H 

0:) 

CM 
CM 

00 

CO 

0 
r-H 

00 

CM 

CM 
C3^ 

CM 

IN 

CM 

CTi 
CM 

0 

00 
CM 

CO 

CM 

CO 

CO 

00 

CM 

CO 

CM 
CM 

CM 
10 

CO 

r-H 

LO 

CO 

LO 
10 

CO 

CO 
10 

CO 

0 
LO 

CO 
CM 

CO 

cn 
C<l 
CO 

10 
CM 

CO 

r-H 

CM 

IN 

CM 

00 

CM 

00 
tN 

CM 

r-H 

IN 

CM 

(8 

c« 
u 

> o 

VO IN >£) CO 
O O O >-< 

d d> cS o 

II II II II 

m 

W CQ CQ W 
H !̂  !K! H 

S 2 ; CO S 

-H o in 
^ ,-H O 

cJ c) 6 

II II n 

m 

Q 

d 

OT PQ 



121 

0 

I 
ISA 

0 
0 
h 
H 

0 
4^ 

fi 
0 
» 
v 
N 

>M 
1-1 
M 
•M 

N 
•S 
0 

+1 

0) 

V 

0 

0 
« 
u 

M 
O 
O 

fl to 

o 

2 ?. 
i4 ra 
4) U 

0 

Slz: 
rt ^ 

1̂  
^ 6 

_ i i _ 

C! ^ 

CO 
LO 
-sf 
CN! 

00 
CO 
tN 

m 
^ 
CSl 

fO 
a; 
i-H 

o 
UO 
<N 

CM 
^ 
CM 

CO 
00 
CM 

"^ 
t -
CM 

(T) 
in 
d 

CO 
00 
<M 

Qs 
00 
CM 

o 
00 
<M 

CM 

CO 

o 
o 
CO 

00 

o 
CO 

^ 
r—( 

CO 

LO 

o 
CO 

00 

o 
CO 

o 
CO 

CO 

CO o o i > 
UO <J^ CM 

CTi CO 03 
-^ in 00 

CO O CO 
C3̂  CO xf 

0^ CO 00 
a^ 00 UO 

oq CM e g c ^ eg CO CO 

v O m . - H t N C M N C M r O O O ' - - * ' - ' 

CM CO CO 

t>- i-i v£) 00 00 
l n c 3 ^ C ^ l a ^ ' - ^ l n o q l n C 3 ^ C S l ^ C M C J ^ C O L O C N I 

C r i v O I > - < ^ t ^ ' 4 - 0 0 O O O O ^ ' - i ( M > ^ D 
i n o c o o c s i i n c r \ L n o ^ L O c o O ' ^ ' X > c o 
> - ^ C Q O 4 O ] ( M r < ! C ^ O g C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 

( r ) O o o " s ^ o c o o ^ < ^ ' ^ c < l 
i n o c M C T i c s i i n o o i n c r v c o 

< ^ CO O lO 0^ --I 
O CO UO CO 

CM oq C ^ I O I O I C N I C M C O C O C O C O C O C O C O 

o O ' - i i > i n ^ o o o c T \ i n o o c O ' ^ c o M D c o \ t -
' ^ ( 3 ^ ' - l C O • - ^ m o O ' t O O • - ^ C O ' - ^ a ^ C S I L O C M 
^ ^ ( ^ ^ ( ^ j j ^ ^ f s q ; - v j p - ) ( p r ) ( Y 5 ( ^ ( r ) f r , ( V 5 

"H CN n fH " tN (^ 

(/) C» CO rt W C« CO 
1) 

C .;: CO CO CO ci3 
<U 

CO 0 0 C/3 

(M 

00 

CM 

C7̂  

CM 

CM 

a; M 
*:-( —' 

CO 

"*. m m m 
o Z Is ^ 

II It 

CO PQ 
X X 

s z 

|x< 

m 
•A 
m 

b 
n 

CO 

^ 
iz; 

>—( 
d o o 

o 

II II 



^fiSVuZS_ 122 

total root biomass (3.24g and 3.30g) were recorded, which was at 

par with the N2 level whereas, at No level minimum total root 

biomass (1.87 g and 1.93g) were recorded during 2001 and 

2002, respectively. Perusal of the data has further revealed that 

total root biomass were also increased significantly with the 

increasing levels of plant geometry (spacing) over Si and S2 

levels of plant gometry (spacing) during both the years. 

Maximum total root biomass i.e. 3.07g and 3.08g were produced 

with the S3 level of plant geometry (spacing) whereas, minimum 

total root biomass i.e. 2.44g and 2.45g were produced with the 

Si level of plant geometry (spacing) in 2001 and 2002, 

respectively. Perusal of the data also revealed that all the 

biofertilizers had increased significantly the total root biomass 

over the control except BF3 [Azospirillum) in both the years. 

Maximum total root biomass in case of BF2 {Phosphorus 

Solubilizing Bacteria) i.e. 2.84g and 2.84g whereas, minimum 

total root biomass i.e. 2.71 and 2.74g were observed without 

application of biofertilizers in 2001 and 2002, respectively. The 

interaction of nitrogen with spacing had increased significantly 

the total root biomass in both the years. The interaction of 

nitrogen with biofertilizers had increased significantly the total 

root biomass in the year 2001, and was found to be non­

significant in the year 2002. The interaction of spacing with 

biofetilizers had increased significantly the total root biomass in 
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the year 2001, and was found to be non-significant in the year 

2002. The interactions of NxSxBF had significant effect on the 

total root biomass in the year 2001, and was found to be non­

significant in the year 2002. 

4.5 Nutrient contents 

4.5.1 Nitrogen content in leaves (%) 

The perusal of data presented in Table 40 & 41 

showed that nitrogen content in leaves were increased 

significantly with increasing levels of nitrogen and plant 

geometry (spacing) during both the years. It is further clear 

from the data that the increasing levels of nitrogen had 

increased significantly the nitrogen content in leaves over the 

control in both the years. The Ns t reatment was significantly 

higher over N2 and N] treatment during both the years. At N3 

level maximum nitrogen content in leaves (2.08% and 2.17%) 

was recorded whereas, at No levels minimum nitrogen content in 

leaves (1.59% and 1.69%) was recorded during 2001 and 2002, 

respectively. 

Perusal of the data has further revealed that nitrogen 

content in leaves were also increased significantly with the 

increasing levels of plant geometry (spacing) over Si and S2 

levels of plant geometry (spacing) during the both the years. 

Maximum nitrogen content in leaves i.e. 1.92% and 2.02% was 

recorded with the S3 level of plant geometry (spacing) whereas , 
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ĉ  

CO 

I—1 

T — < 

CNI 

CO 

o 
CQ 

t N 

CO 

00 
1—1 

CNl 

0 ^ 
O 

CM 

CO 

CO 

CM 
1—1 

CSI 

'd-

o 
CM 

CM 
CTi 

1—1 

CQ 
CO 

1—1 

*-̂  
<A 
u 

> 
O 

m m m m 
*--pr >'y •—jp t ' jy 

II II 

CO 

X 

2 
!>< 
z 

CQ 
« 

CO 

CQ 

CO 

\< 
•z 

(S (S O^ 

o o o 
CD CD 6 

4̂  is CO m 
TO 

Q 



125 

0 

> 

a 

0 

u 
a 
tm 
0 
u 

0 

0 
N 

•H 
'P 

IM 

0 

•d 
Si 

'P 
u 

0 
V 
lUl 

« 

0 
M 
4̂  

0 U 
W 

w 0 
0 ** 
V 4) 

« 

o 
o 

rt 
IH 
0) 
> 

o 

v M 

R! 
M 

> 
O 

u 
^ 

a 
S CO 

s 

iz; "*"*' 

ti 

a 

s< 
CO 

c CO 

(0 

o 

ti 
4) 

a^ o 

00 
r-t 

T—( 

r-i 

CO 

rH 

ON 

ON 
r—1 

ON 

T — 1 

o 
T — 1 

r—t 

CO 

ON 

O^ 
00 
1—1 

\1-

.—1 

* — i 

00 

1-H 

ON 

ON 
1 ! 

o 
I — i 

I — I 

00 
i-H 

in 
00 
i-H 

00 
.—1 

ON 
00 

t — 1 

ON 
r-l 

CO 
00 
1—1 

ON 
00 
I — i 

00 
r—1 

00 
ON 

00 
00 

ON 
ON 

CO 
ON 

.—1 

00 
ON 

.—[ 

I-H 

ON 

»—( 

ON 

00 
ON 
r—1 

C3N 
CO 

1—1 

00 
»—( 

00 
ON 

ON 
t — i 

00 

o CN 

O 

<N 

CN) 

o (N 

00 

q 

o 
(N 

ON 

O 
(M 

O 

(N 

r 

1 — 1 

T — 1 

ON 

q 
c4 

0^ 

1 — I 

1 — 1 

(M 

00 
I — 1 

(M 

(M 

.—1 

CS! 

O 

(M 

O 

CM 

O 

CM 

CO 
.—1 

1—1 

o 
CM 

CN! 
1 — i 

CM 

00 
1—1 

CM 

O 
1—< 

oq 

1—( 

CM 
O 
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minimum nitrogen content in leaves i.e. 1.81% and 1.91% was 

recorded with the Si level of plant geometry (spacing) in 2001 

and 2002, respectively. Perusal of the data also revealed that 

only BFi [Azotobacter] biofertilizer had increased significantly 

the nitrogen content in leaves over the control during both the 

years. Maximum nitrogen content in leaves i.e. 1.92% and 2.00% 

was recorded in case of BFi [Azotobacter] biofertilizer whereas, 

minimum nitrogen content in leaves i.e. 1.82% and 1.91% were 

observed without application of biofertilizers in 2001 and 2002, 

respectively. The interaction of nitrogen with spacing was found 

to be non-significant in the year 2001 , and had increased 

significantly the nitrogen content in case of N3S3 in the year 

2002. Other interactions were found to be non-significant in 

both the years. 

4.5.2 Phosphorus content in leaves (%) 

The perusal of data presented in Table 42 & 43 

showed that phosphorus content in leaves was increased 

significantly with the increasing levels of nitrogen and plant 

geometry (spacing) during both the years. It is further clear from 

the data that the increasing levels of nitrogen had increased 

significantly the phosphorus content in leaves over the control 

but N2 and N3 treatment was found to be at par and N3 

treatment was significantly higher as compared to Ni t reatment 

but N2 t rea tment was found to be at par with Ni t r ea tment in 
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both the years. At N3 levels maximum phosphorus content in 

leaves (0.38% and 0.42%) was recorded, which was found to be 

at par with N2 level whereas, minimum phosphorus content in 

leaves (0.32% and 0.36%) was recorded at No level during 2001 

and 2002, respectively. Perusal of the data has further revealed 

that phosphorus content in leaves was also increased 

significantly with the increasing levels of plant geometry 

(spacing) over Si level of plant geometry (spacing) but S3 level of 

plant geometry (spacing) was found to be at par with S2 level of 

plant geometry (spacing) during both the years. Maximum 

phosphorus content in leaves (0.38% and 0.42%) was produced 

at S3 level of plant geometry (spacing), which was found to be at 

par with S2 level of plant geometry (spacing) whereas, minimum 

phosphorus content in leaves (0.32% and 0.37%) was recorded 

at Si level of plant geometry (spacing) during 2001 and 2002, 

respectively. Perusal of the data also revealed that only BF2 

{Phosphorus solulbilizing bacteria) biofertilizer had increased 

significantly the phosphorus content in leaves over the control 

during both the years. Maximum phosphorus content in leaves 

(0.41% and 0.45%) was recorded in case of BF2 [Phosphorus 

Solubilizing Bacteria) whereas, minimum phosphorus content in 

leaves i.e. 0.33% and 0.36% was recorded without application of 

biofertilizer in 2001 and 2002, respectively. The interaction of 

nitrogen with spacing was found to be non-significant in the 
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year 2001 and had increased significantly the phosphorus 

content in leaves in the year 2002 . The interaction of nitrogen 

with biofertilizers was found to be non-significant in both the 

years. The interaction of spacing with biofertilizers had 

increased significantly the phosphorus content in leaves in both 

the years. The interactions of NxSxBF were found to be non­

significant in both the years. 

4.5.3 Potassium content in leaves (%) 

The perusal of data presented in Table 44 85 45 

showed that potassium content in leaves was significantly 

reduced with the increasing levels of nitrogen over the control in 

both the year. The N3 treatment was significantly reduced the 

potassium content in leaves over N2 and Ni t reatments during 

both the years. At No level maximum potassium content in leaves 

(5.29% and 5.44%) was recorded during 2001 and 2002, 

respectively. At N3 level maximum potassium content in leaves 

(4.25% and 4.40%) was recorded during 2001 and 2002, 

respectively. Perusal of data has further revealed that the 

potassium content in leaves was increased significantly with the 

increasing levels of plant geometry (spacing) over Si and S2 

levels of plant geometry (spacing) during both the years. 

Maximum potassium content in leaves (4.87% and 5.01%) was 

recorded at S3 level of plant geometry (spacing) whereas, 

minimum potass ium content in leaves (4.75% and 4.90%) was 
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recorded at Si level of plant geometry (spacing) during 2001 and 

2002, respectively. Perusal of the data also revealed that only 

BF2 [Phosphorus Solubilizing Bacteria) biofertilizer had increased 

significantly the potassium content in leaves during both the 

years. Maximum potassium content in leaves i.e. 4.85% and 

5.01% was recorded in case of BF2 {Phosphorus Solubilizing 

Bacteria) biofertilizer whereas, minimum potassium content in 

leaves i.e. 4.76% and 4.89% was recorded without application of 

biofertilizer in 2001 & 2002, respectively. The interactions were 

found to be non-significant in both the years. 

4.5.4 Zinc content in leaves (ppm) 

The perusal of data presented in Table 46 & 47 

showed that zinc content in leaves was increased significantly 

with the increasing levels of nitrogen and plant geometry 

(spacing) during both the years. It is further clear from the data 

that the increasing levels of nitrogen had increased significantly 

the zinc content in leaves over the control but N2 and N3 

treatments were found to be at par and these both were 

significantly higher as compared to Ni t reatment in both the 

years. At N3 level maximum zinc content in leaves (53.01 ppm 

and 58.11 ppm) was recorded, which was found to be at par with 

N2 level whereas, minimum zinc content in leaves (40.47 ppm 

and 42.94 ppm) was recorded at No during 2001 and 2002, 

respectively. Perusal of the da ta has further revealed tha t zinc 
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content in leaves was also increased significantly with the 

increasing levels of plant geometry (spacing) over Si and S2 

levels of plant geometry (spacing) during the both the years. 

Maximum zinc content in leaves i.e. 49.25 ppm and 52.83 ppm 

was recorded with the S3 level of plant geometry (spacing) 

whereas, minimum zinc content in leaves i.e. 48.80 ppm and 

52.25 ppm was recorded with the Si level of plant geometry 

(spacing) in 2001 and 2002, respectively. Perusal of the data 

also revealed that biofertilizers had no effect on zinc content of 

leaves during both the years. The interactions were found to be 

non-significant in both the years. 



CHAPTER - V 

IZ> W ' . ^ 2 ^ ^ _ » ' ^0-^^^mmZ^mJt^ %^^%mm^ M ^^ 

Tuberose {Polianthes tuberosa L.) popularly known as 

'Rajnigandha', is an important cut flower due to its prett iness, 

elegance and pleasant fragrance. It has great role in economy as 

the cut flowers are exported to other countries, spikes as cut 

flower are used in vase decoration, bouquet and for other 

purposes. Application of nitrogen, phosphorus and potassium 

has shown improvement in the growth and floral quality of this 

crop. A lot of information is available regarding this aspect. With 

almost twice the quantity of plant nutr ients are removed from 

soil than what were added through fertilizers i.e. the growing 

nutrients imbalance, poses a major threat to sustain soil, health 

and crop productivity. The recent fall in the fertilizer 

consumption due to unprecedented hike in the prices of P and K 

fertilizers has further aggregated the problem and has 

underlined the need for adoption of integrated nutr ient supply 

system which involves the combined use of different nutr ient 



(DISCOSSIOJ^ 138 

sources such as chemical fertihzers, organic manures and 

biofertilizers etc. 

Biofertihzers are the products conferring hving cells of 

different types of micro-organisms which have the ability to 

mobilise nutritionally important elements from non-usable. So 

the present investigation was planned to generate information on 

the effects of biofertilizers alone and in combination with 

different levels of nitrogen and plant geometry (spacing) on 

different growth and quality parameters and N,P,K and Zn 

content in the leaves of tuberose. The results of the present 

investigation are discussed as under: 

5.1 Growth parameters 

5.1.1 Number of days taken for sprouting of bulbs 

The sprouting period of tuberose was significantly 

shortened with the increasing doses of nitrogen over the control 

(No) but N2 (200 kg N ha-i)and N3 (300 kg N ha-i) t reatments 

were found to be at par and these both were significantly 

shortened the sprouting period as compared to Ni (100 kg N ha-i) 

treatment during both the years. The sprouting period of 

tuberose were also significantly shortened with the increasing 

levels of plant geometry (spacing) over Si (20 x 20cm) and S2 (20 

X 25cm) levels of plant geometry (spacing) during both the years. 

In case of biofertilizers only BFi [Azotohacter] biofertilizer had 

significantly shortened the sprouting period over control during 
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both the years. The interactions of N x S and N x BF were also 

found significant as in both the t reatments the sprouting was 

earHer. The interactions of S x BF and N x S x BF were found to 

be non-significant during both the years . Shortening of 

sprouting period may be due to early absorption of nitrogen 

through the surface of the bulbs or by primary roots which 

might have stimulated early sprouting. Biofertilizers also 

reduced the sprouting period as they supply nitrogen and 

phosphorus which is helpful in sprouting and in combination 

with nitrogen and phosphorus, biofertilizers increased the 

availability of the macro as well as micro-nutrients due to which 

the sprouting period was reduced. Mukhopadhyay and Bankar 

(1986). Singh et al, (1996) also reported similar results when 

they applied nitrogen alone and in combination. 

5.1.2 Per cent sprouting of bulbs 

The per cent sprouting as shown in Table 4 and 5, 

was increased significantly with the increasing levels of nitrogen 

over the control but N2 and N3 t reatments were found to be at 

par and these both were significantly higher as compared to Ni 

treatment in both the years. The per cent sprouting was also 

increased significantly with the increasing levels of plant 

geometry (spacing) over Si and S2 levels of plant geometry 

(spacing) during both the years. The all the biofertilizers had 

also increased the per cent sprouting of bulbs significantly over 
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the control . The in te rac t ion of N x S a n d N x BF h a d also 

increased the per cen t sp rou t ing of b u l b s significantly in both 

the yea r s . The in te rac t ion of S x BF and N x S x BF were found 

non-signif icant in both the yea r s . As bioferti l izers improve 

availability of the n u t r i e n t s to the b u l b s which ac t iva tes the 

physiological p r o c e s s e s which he lps in ge rmina t ion of bu lbs . 

S u k h d a Mohan Das (1999) h a d also s imilar views. Kumar et al., 

(2001) also r epor t ed inc reased germina t ion in cowpea with the 

appl icat ion of Azotohacter and VAM. 

5 .1 .3 Plant he ight 

The p lan t he ight d a t a revealed t h a t p l an t he ight was 

increased significantly with the increas ing levels of n i t rogen in 

both the yea r s . The increas ing p l an t geometry (spacing) 

significantly dec rea sed the p lan t he igh t in bo th the y e a r s . 

Similarly in case of different biofertilizers p l a n t he ight was 

increased significantly over contro,l by all the bioferti l izers except 

BFs [Azospirillum) biofertilizer in 2 0 0 1 . The in t e rac t ion of N x S 

and S X BF showed significant inc rease in t h e p l an t height , in 

both the y e a r s . The in te rac t ion of N x BF a n d N x S x BF showed 

significant i nc rease in the p lan t he ight in t h e yea r 2 0 0 1 , b u t 

showed non-s ignif icant inc rease in p l an t he igh t in the year 

2002 . 

The i nc rea se in p lan t he ight due to n i t rogen might be 

due to the fact t h a t n i t rogen is a c o n s t i t u e n t of p ro te in which is 



essential for the formation of protoplasm thus affecting the cell 

division and cell enlargement and ultimately better vegetative 

growth. Mukhopadhyay and Bankar (1986) and Gowda et ah, 

(1991) also reported that plant height increased with the 

application of nitrogen. It is quite natural that when more plants 

per unit area are retained, mutual shading will be more which 

tends to grow the plants taller. The increase in plant height 

under closer spacing was also due to competition for light under 

inadequate spacing. The results are in conformity with the 

finding of Bhatnagar (1976). Crew et ah, (1978) reported that 

biofertilizers had increased the plant height in three woody 

ornamentals. They have concluded that the increase in plant 

height was due to the increased availability of nitrogen and 

biofertilizers. 

5.1.4 Number of leaves per plant 

It is evident from the, Table 8 and 9 that the number 

of leaves per plant were increased significantly with the 

increasing levels of nitrogen and plant geometry (spacing) in 

both the years. In case of biofertilizers all the biofertilizers had 

increased the number of leaves per plant significantly over the 

control during both the years. All the interactions had increased 

significantly the number of leaves in first year but they were 

non-significant in second year. The increase in number of leaves 

as a result of nitrogen application is due to the beneficial effect 
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of nitrogen in promoting growth due to enhanced synthesis and 

accumulation of protein, aminoacids and enzymes, which are 

responsible for cell division and cell elongation. With the 

application of nitrogen the increased uptake of other nutr ients 

might have lead to increase in rate of various photosynthetic and 

metabolic processes in the plant system (Wadleigh, 1957). 

Increasing levels of nitrogen had been reported to increase the 

number of leaves by J a n a et al., (1974). Bankar and 

Mukhopadhyay (1990) earlier found that medium level of 

nitrogen i.e. 20gm-2 was found better in comparison to higher 

doses. However Rahman and Mitra (1974) obtained maximum 

number of leaves in dahlia with high doses of nitrogen. The 

number of leaves per plant recorded highest with widest plant 

geometry (spacing). This finding get support from Rudolaha and 

Rudolah (1988) suggesting that it may be due to higher 

nutrients, sufficient moisture and light available from widest 

spacing. Siddiqui et al., (1993) reported increased number of 

leaves in mulberry when they used Azotobacter alone and in 

combination with urea. 

5.1.5 Length and area of leaf 

Size of leaf with respect to length and area (Table 10, 

11, 12 and 13) were increased significantly with the increasing 

levels of nitrogen upto N2 level and plant geometry (spacing) upto 

S3 level (20 x 30cm) in both the years. In case of biofertilizers 
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allthe biofertilizers had increased the length and area of leaf 

significantly over the control during both the years. Length of 

leaf and leaf area are the main photosynthetic appara tus in 

plant system to synthesize various metabolites required for plant 

growth and development. Nitrogen is a consti tuent part of 

protein which is essential for the formation of protoplasm thus 

affecting the cell division and cell enlargement and ultimately 

better the leaf length and leaf area. Sadhu et al., (1978) also 

reported that increasing nitrogen stimulated the vegetative 

growth and increased the length of leaf and leaf area. Under 

wider row spacing (S2) there was less competition for moisture, 

nutrients and light and the lateral spread of plants was more 

which resulted in significantly increased the length of leaf and 

leaf area per plant under this spacing as compared to close 

spacing, Tilak et ah, (1982) found that the microbial inoculants 

prepared from Azotobacter etc. are well known to increase 

growth parameter (i.e. height, number of leaves, leaf area, leaf 

length, number of branches etc.) of plants. Similar results have 

been reported by Gaur et al, (1980), Hernandez and Hill, (1983) 

and Packovsky et al, (1985). 

5.2 Flowering parameters 

5.2.1 Number of days taken for initiation of spike 

Perusal of the data presented in Table 14 and 15 

revealed that the spike emergence was significantly delayed with 
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the increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years . In case of 

biofertilizers all the biofertilizer had significantly advanced the 

spike emergence over the control except BF3 [Azospirillum) in 

year 2002. The interaction of N x S had also significantly 

enhanced the spike emergence in 2001, whereas, this interaction 

was found non-significant in 2002. The interactions of N x BF, S 

X BF and N x S x BF were found non-significant in both the 

years. Amarjeet Singh (1992) had recorded the delayed spike 

emergence in tuberose with the applications of nitrogen and 

described that delay in spike emergence was due to prolonged 

vegetative phase because nitrogen had synergistic effect. Similar 

results were also reported by Potti and Arora (1996), Gowda et 

ah, (1991) and Daft and Okusanya (1973) confirms the results 

as they also reported early flower initiation in mycorhizal 

inoculated petunia. They said that flower induction can be 

controlled by leaves which in the site of auxin production and 

other hormones which is responsible for flower induction t russes 

that would be taken place in prior infection with mycorrhiza so 

that the flower initiation is early in Petunia. 

5.2.2 Number of days taken for opening of basal floret 

The basal floret opening was significantly delayed with 

the increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years. In case of 
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biofertilizers all the biofertilizers had significantly advanced the 

basal floret opening over the control during both the years (Table 

16 and 17). The application of nitrogen along with plant 

geometry (spacing) had also significantly enhanced the basal 

floret opening in both the years. Whereas, all other interactions 

were found to be non-significant. The basal floret opening was 

delayed with the increased doses of nitrogen as they had 

prolonged the vegetative phase and due to which basal floret 

opening was delayed. The biofertilizers had advanced the basal 

floret opening. 

5.2.3 Length and girth of spike 

The data revealed that quality of spike with respect to 

length and girth are presented in Table 18, 19, 22 and 23 that 

spike length and girth were increased significantly with the 

increasing levels of nitrogen upto N2 level and plant geometry 

(spacing) upto S3 level in both the years. In case of biofertilizers 

all the biofertilizers had increased significantly the spike length 

over the control except BF3 {Azospirillum) during both the years. 

In case of spike girth only BFi [Azotohacter] biofertilizer had 

increased significantly the spike girth over the control during 

both the years. The increase in spike length and girth might be 

due to the fact that nitrogen helped in increasing the more 

amount of assimilates that are needed for improvement in length 

of spike. Similar resul ts were obtained by Deswal et at, (1983); 
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Afity (1985); Yadav et al, (1985) and Mukhopadhyay and Bankar 

(1986). The maximum spike length and girth were obtained 

under wider spacing. Similar trend due to various planting 

densities has also been obtained by Bhattacharjee et al, (1979) 

and Bhaskaraiah et al, (1991) in tuberose cv. Single. 

Mukhopadhyay and Yadav (1984) have also observed similar 

trend in gladiolus due to different planting densities. Khatri and 

Bhide (1976) had reported that when Azotobacter was applied 

with nitrogen it produced growth promoting subs tances such as 

lAA and or gibberellin like substances, viz. thiamine and 

riboflavin (B2) etc. which might have helped to increase the 

flower stalks in tuberose. 

5.2.4 Number of florets per spike and rachis length 

The number of florets per spike and rachis length 

were increased significantly with the increasing levels of nitrogen 

upto N2 level and plant geometry^ (spacing) upto S3 level in both 

the years (Table 20, 21 , 24 and 25). In case of biofertilizers all 

the biofetilizers had increased significantly the number of florets 

per spike over control during both the years. In case of rachis 

length only BFi {Azotobacter) biofertilizer had increased 

significantly the rachis length over the control in the year 2001. 

All the biofertilizers had increased significantly the rachis length 

over the control except BF3 {Azospirillum) biofertilizer in year 

2002. The number of florets were increased due to higher level of 
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nitrogen which had increased synthesis of amino acids and 

chlorophyll formation and better carbohydrates transformation 

which in turn resulted into better growth and better length of 

rachis which had ultimately produced more florets per spike. 

The results obtained by Achal et al, (1984), Afity (1985) and 

Gowda et at., (1988 and 1991) confirms these resul ts . Bankar 

and Mukhopadhyay (1980) reported that at closer spacing less 

number of florets were obtained per spike. Mishra (1997) had 

reported increased number of florets per spike in Gladiolus with 

the application of Azotobacter. 

5.2.5 Duration of flowering (days) 

Duration of flowering was increased significantly with 

the increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years (Table 26 and 

27). In case of biofertilizers all the biofertilizers had increased 

significantly the duration of flowering over the control except 

BF3 (Azospirillum) biofertilizer in the year 2001 . And only BFl 

{Azotobacter) biofertilizer had increased significantly the 

duration of flowering over the control in the year 2002. The 

interaction of N x S, showed a significant increased in duration 

of flowering during both the years. Whereas all other 

interactions had shown non-significant effect during both the 

years. Increase in the period of flowering might be due to 

abundant supply of nitrogen which prolonged the vegetative 



(DISCUSSION ^ 148 

growth and thus , increased the flower bearing portion with 

number of florets on the spike and hence, increased the 

flowering period. Similar, results were also obtained by Garibaldi 

(1964) in gladiolus and Bankar and Mukhopadhyay (1985 and 

1990) in tuberose. Bankar and Mukhopadhyay (1980) have 

reported that close spacing reduced flowering duration of 

gladiolus spikes under field conditions. 

5.3 Bulb Production 

5.3.1 Number of bulbs per plant, Weight of bulbs per 

plant and Diameter of bulbs 

Significant increase in the number of bulbs produced 

per plant, weight of bulbs per plant and diameter of bulbs were 

observed with biofertilizers and increasing levels of nitrogen up 

to N2 level and plant geometry (spacing) upto S3 level during 

both the years (Table 28, 29, 30, 31 , 32 85 33). Better supply of 

nitrogen has already been reported to influence the bulb 

production by Bankar and Mukhopadhyay (1985) in tuberose 

and Potti and Arora (1986) in gladiolus, Skalska (1970) and 

Mugge et al. (1987) studied the effect of nitrogen application on 

bulb production in gladiolus and tulip and they found that 

application of nitrogen beyond 180 kg ha-i decreased bulb 

production. The other possibility of decreasing bulb production 

as a result of heavy application of nitrogen might be due to the 

diversion of metabolites for vegetative growth. Several workers 
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like Armitage (1973), Rahman and Mitra (1974) and Misra and 

Negi (1977) also agreed with these results . The production of 

daughter corms decreased in colser spacings during both the 

years of trails. This decrease in corm production in closed 

spacing might be due to lesser spacing available and lesser 

nutr ients available per corm as compared to wider spacing. 

Similar trend has also been reported by Fernandes et al. (1975). 

Lesser weight in corms in closer spacing might be due to more 

competition of nutr ients and shadowing effect of plants on each 

other which might have affected photosynthesis ultimately 

accumulation of dry matter. Similarly wider spacing enhanced 

flower quality, corm weight as reported by El-gamassy et al, 

(1977). Wang and Patil (1994) and Wang et al, (1995) had also 

reported increased number of bulbs per plant when tuberose 

was inoculated with Azotobacter alone and with graded nitrogen. 

This may be due to the ability of biofertilizers to produc growth 

promoting substances such as lAA and gibberellin like 

substances viz., vitamins and riboflavin etc. which might have 

helped to increase bulb production. 

5.4 Root characters 

5.4.1 Number of roots per plant 

Number of roots per plant were increased significantly 

with the increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level during both the years (Table 34 
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85 35). In case of biofertilizers all the biofertilizers had increased 

the number of roots per plant significantly over the control 

except BF3 [Azospirillum) biofertilizer in the year 2001. The 

interaction of nitrogen with spacing had significantly increased 

the number of roots per plant during both the years, other 

interactions were found to be non-significant during both the 

years, the increase in root length might be due to sufficient 

amount of essential elements supplied by nitrogen. In case of 

wider spacing there were more roots produced because in case of 

wider spacing more space available, more nutr ients available, 

there is no shadowing effect of plants on each other and there is 

no competition for light. Carolina Gallegvillos et at, (2000) had 

obtained increased root length in lettuce when inoculated with 

VAM. The VA-Mycorhizae facilitates the accumulation of the 

phosphorus needed by plants, through mycelial net work. The 

fungus spread to a limited extent in the roots of the tuberose 

plants and improved the absorption of nitrogen and phosphorus 

as the phosphorus is important for root development, ultimately 

resulted in increased number of roots. 

5.4.2 Average length of roots per plant 

Average length of roots per plant were increased 

significantly with the increasing levels of nitrogen upto N2 level 

and plant geometry (spacing) upto S3 level during both the years 

(Table 36 S5 37). In case of biofertilizers all the biofertilizers had 
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increased the average length of roots per plant significantly over 

the control except BF3 {Azospirillum) biofertilizer in year 2002. 

The interactions of NxSxBF had significantly increase the length 

of roots in the year 2001, and was found to be non- significant 

in the year 2002. The increase in length of roots might be due to 

sufficient amount of essential elements supplied by nitrogen. In 

case of wider spacing there were more length of roots because of 

more space, more nutr ients available, there is no shadowing 

effect of plants on each other and there is no competition for 

light. The biofertilizers increased the length of roots due to the 

ability of biofertilizers to produce growth promoting substances 

such lAA and gibberellin like substances viz., vitamins and 

riboflavin etc. which might have helped to increase the length of 

roots. 

5.4.3 Total root biomass 

Total root biomass were increased significantly with 

the increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years (Table 38 & 

39). In case of biofertilizers all the biofertilizers had increased 

significantly the total root biomass over the control except BF3 

{Azo spirillum) biofertilizer during both the years. The 

interactions of NxSxBF had significant effect on the total root 

biomass in the year 2001, and was found to be non-significant 

in the year 2002. The increase in total root biomass might be 
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due to sufficient amount of essential elements supplied by 

nitrogen. In case of wider spacing there were more total root 

biomass because of more space, more nutr ients available, there 

is no shadowing effect of plants on each other and there is no 

competition for light. The biofertilizers increased the total root 

biomass due to the ability of biofertilizers to produce growth 

promoting substances such lAA and gibberellin like substaces 

viz., vitamins and riboflavin etc. which might have helped to 

increase the total root biomass. 

5.5. Nutrient content 

5.5.1 Nitrogen content in leaves (%) 

Nitrogen content in leaves was increased significantly 

with the increasing levels of nitrogen and plantgeometry 

(spacing) in both the years (Table 40 & 41). In case of biofertilizers 

only BFi [Azotobacter) biofertilizer had increased significantly 

the nitrogen content in leaves over the control during both the 

years. The interaction of nitrogen with spacing was found to be 

non-significant in the year 2001, and had increased significantly 

the nitrogen content in leaves in the year 2002. Other 

interactions were found to be non-significant in both the years. 

The increase in concentration of nitrogen in the leaves is due to 

the uptake of nitrogen by the plants. The findings of Bankar and 

Mukhopadhyay (1990) also revealed that nitrogen content in of 

leaves increased significantly with the application of nitrogen. 
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Reddy (1993) analysed tuberose leaves and found that the 

concentration of nitrogen in leaves ranged from 1.5- 1.8%. These 

values were much below the nitrogen concentration (2.66%) 

reported by Bankar and Mukhopadhyay (1990), which might be 

due to different agroclimatic conditions. Nitrogen content in 

leaves was highest under S3 (20 x 30 cm) spacing because more 

area was available to individual plant for foraging the nutr ients 

at wider spacing (20 x 30cm) followed by S2 (20 x 25 cm) and Si 

(20 X 20cm). Moreover with the decrease in intra row spacing 

from 30cm to 25cm to 20cm, number of plants per unit area 

increased which resulted in competition for absorption of 

nitrogen by plants there by affecting there availability to plants. 

The biofertilizers had increased the availability of 

the nutr ients by changing the insoluble form to soluble form as 

Azotohacter and Azospirillum converts the atmospheric nitrogen 

in to available form. Whereas, PSB [Phosphorus Solubilizing 

Bacteria) converts phosphate into available soluble form of 

phosphorus by secreting several organic acids. The biofertilizers 

are more active in low fertile soils. Kandasawamy et ah, (1985) 

observed increased nitrogen and phosphorus content in brinjal 

and chillies when inoculated with VAM, Phosphorus Solubilizing 

Bacteria individually and in combination. The increase was due 

to enhancement in the nitrate reductase activity of mycorrhizal 

roots. Ames and Linderman (1978) and Algawadi and Gaur 
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(1992) obtained higher macro-nutrients in the t issues of lily and 

sorghum, respectively by using VAM in first case and PSB in 

second case. Several workers namely Haider et al., (1981); Boon 

et al, (1983); Sidhu and Arora (1989) and Bankar and 

Mukhopadhyay (1990) were in agreement with the results of the 

present study that nitrogen and phosphorus had increased the 

macro-nutrients. 

5.5.2 Phosphorus content in leaves |%) 

Phosphorus content in leaves was increased 

significantly with increasing levels of nitrogen upto Na level and 

plant geometry (spacing) up to S2 level during both the years 

(Table 42 & 43). In case of biofertilizers only BF2 {Phosphorus 

Solubilizing Bacteria) biofertilizer had increased significantly the 

phosphorus control in leaves over the control in both the years. 

The interactions of NxSxBF were found to be non-significant in 

both the years. Yoshiba et al, (1981) also ob served that ir 

content of plants decreased with the increased application of 

nitrogen levels. Bankar and Mukhopadhyay (1990) found that P 

content decreased with the increase in nitrogen concentration. 

Phosphorus content is leaves was highest under S3 (20 x 30cm) 

spacing because more area was available to individual plant for 

foraging the nutr ients at wider spacing (20 x 30cm) followed by 

S2 (20 X 25 cm) and Si (20 x 20 cm). Moreover with the decrease 

in intra row spacing from 30 cm to 25 cm to 20 cm, number of 
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plants per unit area increased which resulted in competition for 

absorption of phosphorus by plants thereby affecting their 

availability to plants . 

5.5.3 Potassium content in leaves (%) 

Potassium content in leaves was significantly reduced 

with the increasing levels of nitrogen in both the years (Table 44 

S5 45). The potassium content in leaves was increased 

significantly with the increasing levels of plant geometry 

(spacing) in both the years. In case of biofertilizers only BF2 

{Phosphorus Solubilizing Bacteria) biofertilizer had increased 

significantly the potassium content in leaves over the control in 

both the years. The interactions were found to be non-significant 

in both the years. However, Bankar and Mukhopadhyay (1990) 

found that K content decreased with the increase in nitrogen 

level and K content ranged from 2.7 to 2.8 percent. Potassium 

content in leaves was highest under S3 (20 x 30 cm) spacing 

because more area was available to individual plant for foraging 

the nutr ients at wider spacing (20 x 30cm) followed by S2 (20 x 

25cm) and Si (20 x 20cm). Moreover with the decrease in intra 

row spacing from 30cm to 25cm to 20cm, number of plants per 

unit area increased which resulted in competition for absorption 

of potassium by plants there by affecting their availability to 

plants. 
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5.5.4 Zinc content in leaves (ppm) 

Zinc content in leaves was increased significantly with 

the increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years (Table 46 and 

47). In case of biofertilizers the effect of biofertilizers were found 

to be non-significant in both the years. The all the interactions 

were found to be non-significant during both the years. The 

positive interaction between nitrogen and zinc was reported by 

Awada and Long (1978) in papaya. It was found that nitrogen 

increased the uptake of zinc. Zinc content in leaves was highest 

under S3 (20 x 30cm) spacing because more area was available 

to individual plant for foraging the nutr ients at wider spacing 

(20 X 30cm) followed by S2 (20 x 25cm) and Si (20 x 20cm). 

Moreover with the decrease in intra row spacing from 30cm to 

25cm to 20cm, number of plants per unit area increased which 

resulted in competition for absorption of zinc by plants . The 

possible reason for this is that the root colonization is increased 

with the simultaneous application of biofertilizers and nitrogen 

which had increased the surface area for absorption and it was 

possible that the biofertilizers converts the insoluble nutr ients 

content from the rhizosphere soil to soluble form so that it was 

easily available resulting in increased content of micronutrients 

i.e. Zinc. Sander and Tinker (1973) hypothesized that uptake of 

any element would be enhanced by mycorrhizae if it is slolwly 
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available and its soil diffusion rate is the limiting factor in its 

uptake. Similar results were also obtained by Pinochet et ah, 

(1995) in cherry root stocks. Bagyaraj and Menge (1978) also 

reported increased zinc content in tomato when Azotobacter and 

VAM were applied alone and in combination. These results are in 

agreement with the findings of Gilmore (1971); La Rue et ah, 

(1975) and El Maksound et al, (1988). 



CHAPTER - VI 

' ^ - ^ • 

The present investigation was carried out to study the 

effect of nitrogen, plant geometry (spacing) and biofertilizers 

alone and in combinations on growth, flowering, bulb 

production, root characters and N, P, K and Zn contents in 

tuberose. The experiment was conducted at Research Area, 

Deptt. of Horticulture, CCS Haryana Agricultural University, 

Hisar in split plot design with three replications. Nutrient 

analysis was done in laboratory of the Department of 

Horticulture. The results of the present investigation are 

summarized and concluded as below: 

(i) The sprouting period of bulb was significantly shortened 

with increasing levels of nitrogen up to N2 level (200 kg N 

ha-i) and highest plant geometry /spacing (S3-20x30cm) 

in both the years. In case of biofertilizers only BFi 

[Azotobacter] biofertilizer had significantly shortened the 

sprouting period by 2.71 days in year 2001 and 2.68 

days in year 2002 over the control. Interactions among 
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N3S1BF1 h a d t a k e n m i n i m u m days to sp rou t ing of bu lb s 

in 2001 a n d also in 2002 . 

(ii) The per cen t sp rou t ing of b u l b s were inc reased 

significantly with the inc reas ing levels of n i t rogen u p t o 

N2 level a n d p l an t geometry (spacing) u p t o S3 level 

du r ing bo th the y e a r s . In case of bioferti l izers all 

biofertil izers h a d inc reased the per cen t sp rou t ing of 

bu lb s significantly over the control du r ing bo th the yeas . 

Maximum per cent sp rou t ing of b u l b s w a s found a t 

N3S3BF2 in 2 0 0 1 and also in 2 0 0 2 . 

(iii) The p l an t he igh t was i nc reased significantly with the 

inc reas ing levels of n i t rogen in bo th t h e y e a r s . The 

inc reas ing p lan t geometry (spacing) significantly 

dec reased the p lan t he ight in bo th the y e a r s . All 

biofertil izers i nc reased the p l an t he igh t significantly over 

control except BF3 (Azospirillum) in 2 0 0 1 . The m a x i m u m 

p lan t he igh t w a s recorded a t NsSiBFi in 2 0 0 1 a n d 2 0 0 2 . 

(iv) The n u m b e r of leaves per p l a n t were i nc r ea sed 

significantly with the inc reas ing levels of n i t rogen and 

p lan t geometry (spacing) in bo th the yea r s , In case of 

biofertilizers all the biofertilizers h a d i nc r ea sed the 

n u m b e r of leaves per p l an t significantly over the control 

du r ing bo th t h e y e a r s . The m a x i m u m leaves per p l an t 

were found a t N3S3BF1 dur ing bo th t h e y e a r s . 
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(v) Length of leaves were inc reased significantly with the 

inc reas ing levels of n i t rogen u p t o N2 level a n d p lan t 

geometry (spacing) up to S3 level in bo th the yea r s . In 

case of biofertilizers all the biofertil izers h a d inc reased 

the length of leaves significantly over the control du r ing 

both the y e a r s . The m a x i m u m length of leaves w a s found 

at N2S3BF1 which was at pa r with N3S3BF1 in 2001 and 

2002 . 

(vi) Leaf a r e a was inc reased significantly with the inc reas ing 

levels of n i t rogen up to N2 level a n d p l a n t geometry 

(spacing) up to S3 level in bo th the y e a r s . In case of 

biofertilizers all the biofertilizers h a d i nc r ea sed the leaf 

a r ea significantly over control in bo th the y e a r s . The 

m a x i m u m leaf a r e a (249.91 cm2 a n d 2 5 9 . 9 1 cm2) was 

found at t r e a t m e n t N3S3BF1 which was at pa r with 

t r e a t m e n t N2S3BF1 dur ing 2001 and 2 0 0 2 , respect ively. 

(vii) The spike emergence was significantly delayed with the 

inc reas ing levels of n i t rogen u p t o N2 level a n d p lan t 

geometry (spacing) up to S3 level in bo th the yea r s . In 

case of biofertilizers all t he bioferti l izers h a d 

significantly advanced the spike emergence over the 

control except BF3 [Azospirillum) in yea r 2 0 0 2 . The spike 

emergence delayed m a x i m u m at N3S3BF0 which was 

found to be at pa r with N2S3BF0 du r ing bo th the y e a r s . 



(viii) The basal floret opening was significantly delayed with 

the increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years. In 

case of biofertilizers all the biofertilizer had significantly 

advanced the basal floret opening over the control during 

both the years. Maximum number of days taken by basal 

floret opening at N3S3BF0 which was found to be at par 

with N2S3BF0 during both the years. 

(ix) The spike length was increased significantly with the 

increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years. In 

case of biofertilizers all the biofertilizers had increased 

significantly the spike length over the control except BF3 

[Azospirillum] in both he years. The longest spike length 

was found at N3S3BF1 , 

(x) The number of florets per spike were increased 

significantly with the increasing levels of nitrogen upto 

N2 level and plant geometry (spacing) upto S3 level in 

both the years. In case of biofertilizers all the 

biofertilizers had increased significantly the number of 

florets per spike over the control in both the years. The 

maximum number of florets per spike were found at 

N3S3BF1 which was found to be at par with N2S3BF1 

during both the years. 
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(xi) The spike girth was increased significantly with the 

increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years. In 

case of biofertilizers only BFi [Azotohacter] biofertilizer 

had increased significantly the spike girth over the 

control during both the years. The maximum spike girth 

was found at N3S3BF1 which was found to be at par with 

N2S3BF1 during both the years. 

(xii) The rachis length was increased significantly with the 

increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years. In 

case of biofertilizers only BFi (Azotobacter) biofertilizer 

had increased significantly the rachis length over the 

control in the year 2001. All the biofertilizers had 

increased significantly the rachis length over the control 

except BF3 [Azospirillum) biofertilizer in year 2002. The 

maximum rachis length was found at N3S3BF1 which was. 

found to be at par with N2S3BF1 during both the years. 

(xiii) Duration of flowering was increased significantly with 

the increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years. In 

case of biofertilizers all the biofertilizers had increased 

significantly the duration of flowering over the control 

except BF3 [Azospirillum] biofertilizer in the year 2001. 
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And only BFi {Azotobacter) biofertilizer had increased 

significantly the duration of flowering over the control in 

the year 2002. The maximum duration of flowering was 

found at N3S3BF1 which was found to be at par with 

N2S3BF1 during both the years. 

(xiv) A significant increase in the number of bulbs produced 

per plant, weight of bulbs per plant and diameter of 

bulbs were observed with biofertilizers and increasing 

levels of nitrogen upto N2 level and plant geometry 

(spacing) upto S3 level during both the years. The 

maximum number of bulbs per plant, weight of bulbs 

per plant and diameter of bulbs were produced at 

N3S3BF2 which was found to be at par with N2S3BF2 

during both the years. 

(xv) Number of roots per plant were increased significantly 

with the increasing levels of nitrogen upto N2 level and 

plant geometry (spacing) upto S3 level during both the 

years. In case of biofertilizers all the biofertilizers had 

increased the number of roots per plant significantly 

over the control except BF3 [Azospirillum) biofertilizer in 

the year 2001. The maximum number of roots per plant 

were found at N2S3BF2 which was found to be at par with 

N3S3BF2 during both the years. 
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(xvi) Average length of roots per plant were increased 

significantly with the increasing levels of nitrogen upto 

N2 level and plant geometry (spacing) upto S3 level 

during both the years. In case of biofertilizers, all the 

biofertilizers had increased the average length of roots 

per plant significantly over control except BF3 

[Azospirillum) biofertilizer in year 2002. The longest root 

was observed at N3S3BF2 which was found to be at par 

with N2S3BF2 during both the year. 

(xvii) Total root biomass were increased significantly with the 

increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S3 level in both the years. All 

the biofertilizers had increased the total root biomass 

significantly over the control except BF3 {Azospirillum) 

biofertilizer during both the years. The maximum total 

root biomass were found at N3S3BF2 which was found to 

be at par with N2S3BF2 during both the years. 

(xviii) Nitrogen content in leaves was increased significantly 

with the increasing levels of nitrogen and plant geometry 

(spacing) in both the years. In case of biofertilizers only 

BFi [Azotobacter] biofertilizer had increased significantly 

the nitrogen content in leaves over the control during 

both the years. Maximum nitrogen content was found at 

N3S3BF1 in both the years. 
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(xix) Phosphorus content in leaves was increased significantly 

with increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) upto S2 level during both the years. 

In case of biofertilizers only BF2 {Phosphorus Solubilizing 

Bacteria) biofertilizer had increased significantly the 

phosphorus content in leaves over the control in both 

the years. Maximum phosphorus content in leaves was 

found at N3S3BF2 which was at par with N2S3BP2 during 

both the years. 

(xx) Potassium content in leaves was significantly reduced 

with the increasing levels of nitrogen in both the years. 

The potassium content in leaves was increased 

significantly with the increasing levels of plant geometry 

(spacing) in both the years. In case of biofertilizers only 

BF2 {Phosphorus Solubilizing Bacteria) biofertilizer had 

increased significantly the potassium content in leaves 

over the control in both the years. The maximum 

potassium content in leaves was found at N0S3BF2 

during both the years. 

(xxi) Zinc content in leaves was increased significantly with 

the increasing levels of nitrogen upto N2 level and plant 

geometry (spacing) up to S3 level in both the years. In 

case of biofertilizers the effect of biofertilizers were found 

to be non-significant in both the years. The maximum 
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zinc content was found at N3S3BF3 which was found to 

be at par with N2S3BF3 during both the years. 

Conclusion 

From the present investigation it may be concluded 

that apphcation of 200 kg N ha-i at 20 x 30 cm spacing resulted 

in good performance of tuberose in terms of growth, flowering 

and bulb production. Among different biofertilizers, Azotohacter 

was found more effective in increasing growth and other 

parameters whereas bulb production was found better with PSB 

[Phosphorus Solubilizing Bacteria). 
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The present investigation was aimed to studing the effect 
of nitrogen, plant geometry and biofertilizers on the performance of 
tuberose cv. Double. The investigation was carried out in field for 
two years 2001 and 2002 at CCS Haryana Agricultural University, 
Hisar. The t reatments consisted of four levels of N i.e. 0(No), 10 (Ni), 
20(N2) and 30(N3) g N per square meter, three spacing distance i.e. 
20 X 20cm (Si), 20 x 25 cm (S2) and 20 x 30cm (S3) and different 
biofertilizers i.e. control (BFo), Azotobacter (BFi), Phosphorus 
solubilizing bacteria (BF2) and Azospirillum (BF3) in all possible 



combinations. The treatments were replicated thrice in split plot 
design. 

The increasing levels of nitrogen, plant geometry 
(spacing) and different biofertilizers significantly advanced the 
sprouting of bulbs over the control when applied alone and in, 
combination in both the years. Per cent sprouting, plant height, 
number of leaves per plant, length and area of leaf significantly 
increased over the control with increasing levels of nitrogen, plant 
geometry (spacing) and with different biofertilizers except plant 
height which decreased with increasing plant geometry (spacing) 
when applied alone and in combination in both the years. Initiation 
of spike and opening of basal florets were delayed with increasing 
levels of nitrogen and plant geometry (spacing) but shortened with 
biofertilizers in both the years. Length of spike, number of florets 
per spike, spike girth, rachis length and duration of flowering were 
significantly higher over the control with increasing levels of 
nitrogen, plant geometry (spacing) and with the addition of 
biofertilizers when applied alone and in combination in both the 
years. Number of bulbs, bulb diameter, bulb weight, total root 
biomass, number of roots per plant and root length increased 
significantly over control with the increasing levels of nitrogen, plant 
geometry (spacing) and with application of different biofe-rtilizers 
when applied alone and in combination in both the years. The N, P, 
K, and Zn content in leaf at flowering stage increased with 
increasing levels of nitrogen, plant geometry (spacing) and 
biofertilizers when applied alone and in combination with each other 
except K and Zn, K content decreased with added doses of nitrogen, 
whereas biofertilizers had no effect on Zn content of leaf in both the 
years. 
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