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INTRODUCTION



Phosphorus is the 'Master key’ element in crop production (Pierre, 

1938) and is a major plant nutrient required in sufficient amounts for higher crop 

yields as well as for proper functioning of soil biota. Phosphorus is considered as 

one of the major limiting factor in successful crop production since the intensive 

cropping has resulted in widespread deficiency of this nutrient. The situation is 

becoming more complicated because the natural reserves, as the raw materials for 

the manufacture of phosphatic fertilizers, are limited and are depicting fast.

Most of the soil phosphorus is not in easily available form, because of 

its low solubility and its fixation in soil. Hence, it is necessary to apply phosphatic 

fertilizers to meet the crop requirement. However, the use efficiency of added 

phosphatic fertilizers ranges from only 15 to 25 per cent, due to fixation of P in the 

form of iron or aluminium phosphates in acid soils and calcium phosphate in 

alkaline soils. This native or applied fertilizer phosphorus is a non-renewable 

resource and therefore a better utilization of phosphorus by plants helps in 

conserving the limited supply of phosphorus in nature.

In view of the severe shortfall in phosphatic fertilizers and also the 

cost involved, there is an increasing trend throughout the world, to explore the 

possibility of utilizing less exploited reserves of rock phosphates. There are large 

deposits of low grade rock phosphate in India which are unsuitable for manufacture
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of super phosphate because of low phosphate content and impurities in it. The 

phosphorus present in rock phosphate is in insoluble form and plants cannot utilize 

this phosphorus unless it is converted into available form. A number of soil 

microorganisms are known to solubilize insoluble inorganic phosphates and make it 

available to plants. The use of phosphate solubilizing microorganisms in making 

phosphorus available to plants has been studied under different soil conditions 

throughout the world and they have been recognized as a potential means to convert 

the unavailable phosphorus into available form.

The first commercial P-solubilizing biofertilizer was prepared in the 

then USSR under the name 'phosphobacterin' incorporating Bacillus megaterium 

var. phosphaticum. This was widely used in USSR and other East European 

countries. Several field studies have also been conducted in India using various P- 

solubilizing microorganisms like B. megaterium var. phosphaticum, B. polymyxa, B. 

firmus, Pseudomonas striata, Aspergillus awamori, Penicillium digitatum, etc., as 

bioinoculants in wheat, rice, potato, bengal gram, cotton and other crops (Gaur, 

1990) with an increase in the P-uptake and yield. However, studies on performance 

of P-solubilizers in sunflower is very limited.

Sunflower {Helianthus annuus L.) is an important oilseed crop, ranks 

third after soybean and groundnut as a source of edible oil in the world. Sunflower 

is grown over an area of 2.4  m hectars in India with an annual production of 1.8 m 

tonnes (Anon., 1995). Sunflower though introduced recently, is making headway in



Indian agriculture as an important oilseed crop. However, information on the 

response of sunflower lo inoculation wiih phosphate solubili/ing biofertilizers, 

specially in combination with different forms of phosphorus and levels of 

phosphorus is inadequate. The present investigation was therefore undertaken with 

the following objectives ;

1. To study the influence of phosphate solubilizing biofertilizers viz., biophos' 

and Pseudomonas striata In combination with different forms and levels of 

phosphorus on growth, nutrient uptake and yield of sunllower.

2. To study the inoculation and P-fertilizer effect on the rhizosphere microflora 

of sunflower especially P-solublllzers and free-living N2  fixers.

3. To study the inoculation and P-fertillzers influence on available P-content of 

soil at different .stages of crop growth.



REVIEW OF LITERATURE



Soil microorganisms play a significant role in making phosphorus 

available to plants by dcphosphorylating phosphorus bearing organic compounds and 

also by bringing about favourable changes in soil reaction and in the soil micro 

environment leading to solubilization of insoluble inorganic phosphate sources. The 

literature on the solubilization of insoluble phosphates by microorganisms and the 

inoculation effects of phosphate solubilizers on the growth and yield of different 

crops has been reviewed in this chapter.

Many soil microorganisms can solubilize insoluble phosphates which 

are largely unavailable to plants. Microbial involvement in the solubilization of 

insoluble phosphate was first shown by Stalstrom (1903). However, Sackett et al. 

(1908) gave conclusive evidence to show that soil bacteria dissolved rock phosphate, 

bonemeal, di- and tricalcium phosphates etc. Most of the studies on phosphate 

solubilization were done first by isolating the microorganisms from soil and studying 

the solubilization in-viiro. The investigations on solubilization of in.soluble 

phosphates under field conditions and its uptake by plants were however started 

later. A systematic approach to the study was made by Pikovskaya (1948) who 

isolated soil bacteria capable of dissolving tricalcium phosphate. Various 

microorganisms capable of dissolving either insoluble phosphorus compounds or 

fixed form of phosphorus have been isolated from the soil and rhizosphere which 

include Bacillus megaterium var. phosphaticum, Bacillus megaterium var serratia
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(Menkina, 1950), Achromobacter, Brevibacterium, Flavobacterium, 

Micromonospora, Sarcina and Serratia (Sperber, 1958), Pseudomonas striata 

(Bardiya and Gaur, 1972), Bacillus firmus, Streptomyces sp. (Banik and Dey, 1981), 

Aeromonas sp. (Al-Ghazali et al., 1986). Penicillium sp. and Pseudomonas sp. 

(Illmerand Schinner, 1992).

2.1 Solubilization of insoluble phosphate

2.1.1 In pure culture

Pure cultures of several bacteria, fungi, actinomycetes and yeasts 

inoculated into liquid medium and incubated for varying lengths of time at suitable 

temperature and pH have been shown to release soluble P from various insoluble P- 

containing compounds like bonemeal, hydroxy apatite, iron and aluminium 

phosphate, di and tricalcium phosphate and rock phosphate (Sen and Paul, 1957; 

Goswami and Sen, 1962; Bardiya and Gaur, 1974; Oriuno et al., 1978; Haider et 

al., 1990, Illmerand Schinner, 1992; Narsian e /a /., 1995).

'Phosphobacterin', 'posfo-24' and an organism isolated from glands 

of Cassia occidentalis released 4.73, 2.68 and 3.13 mg soluble P2 O5 /IOO ml broth 

respectively from tricalcium phosphate after 15 days of inoculation (Goswami and 

Sen, 1962). Ostwal and Bhide (1972) studied the solubilization of tricalcium 

phosphate by 34 pseudomonads isolated from the soils of Maharashtra in liquid 

medium and found them to solubilize 13-58 per cent tricalcium phosphate. 

Pseudomonas putida among the isolates, showed maximum solubilization of 58 per 

cent of the added tricalcium phosphate.



Solubilization studies involving insoluble inorganic phosphate 

compounds by different P-solubilizing organisms in liquid medium indicated better 

solubilization by fungal cultures than bacteria. Pseudomonas striata among bacteria 

and Aspergillus awamori among fungi showed maximum solubilization of the added 

insoluble P compounds (Arora and Gaur, 1979). However, Gaur and Gaind (1983) 

found Aspergillus awamori to be superior to Pseudomonas striata in solubilization of 

tricalcium phosphate, iron and aluminium phosphates in broth culture. Singh et al. 

(1984) also observed higher solubilization of rock phosphates of different origin by 

Aspergillus awamori than Pseudomonas striata in liquid medium.

Forster and Freier (1988) studied P-mobilizing efficiency of 41 

isolates of fungi obtained from the fertile arable soil with high phosphorus content. 

Only four out of 41 isolates tested in-vitro, showed a very high dissolution of rock 

phosphate. The isolates released 1.61 to 3.42 mg of P out of 5.8  mg of insoluble P 

added in the form of rock phosphate in broth medium.

Even the strains of Rhizobium and Bradyrhizobium have been found to 

effectively solubilize rock phosphate and lower the pH of the medium. Among the 

organisms tested, Rhizobium leguminosarum biovar viceae BICC 635 was the most 

effective solubilizer of rock phosphate and the production of 2 -kctogluconic acid by 

this strain was suggested to be the primary cause of rock phosphate solubilization 

(Haider et al., 1991). Illmer and Schinner (1992) reported high solubilizing ability 

of a Penicillium sp. and a Pseudomonas sp. isolated from forest soil to solubilize 

hydroxy apatite and calcium hydroxy apatite dihydrate. Aspergillus aculeatus 

isolated from rhizosphere of gram, showed highest tricalcium phosphate solubilizing



activity in liquid medium after 48 hours of fungal growth in the presence of glucose 

and ammonium sulphate as the carbon and nitrogen sources (Narsian et al., 1995).

2 .1 .2  In Soil

The physical and chemical properties of soil determine the nature of 

environment in which microorganisms are present. These environmental characters 

in turn affect the composition of the microbial population both qualitatively and 

quantitatively. Using labelled compounds, several workers have shown that 

inoculation of pure culture of phosphate solubilizers to soil released more water 

soluble phosphate from tricalcium phosphate and other mineral phosphates.

P-dissolving ability of some bacterial and fungal strains isolated from 

forest soil, was examined by Moreau (1959) in soil incubation study. He was of the 

opinion that, liberation of P from glycerophosphate or tricalcium phosphate was 

done mainly by bacteria and also by some fungi. The organisms solubilized three to 

four per cent of the added insoluble phosphorus within ten days of incubation. 

Bajpai and Sundara Rao (1971) conducted soil incubation studies using ^^P  labelled 

super phosphate or apatite with and without farmyard manure and Bacillus 

megaterium or Bacillus circulans. They found that inoculation of Bacillus 

megaterium and Bacillus circulans to sterilized soil increased the available P2 O5  of 

soil. They also observed an increase in solubilization of native soil phosphorus. 

Ostwal and Bhide (1972) isolated 72 pseudomonads from soils of Maharashtra, and 

examined 34 efficient cultures for solubilization of tricalcium phosphate in soil. 

They found them to solubilize 8  to 27 per cent tricalcium phosphate. Among the



isolates, Pseudomonas putida showed maximum solubilization of 37 per cent of the 

added tricalcium phosphate in soil.

Five most efficient P-solubilizing strains, isolated from wheat and 

broad bean, were studied for their P-solubilizing ability in sterile and non-sterile 

clay loam soils with insoluble inorganic phosphates, RNA, phytin and lecithin as P- 

sources. Phosphate solubilization was greater in non-sterile soils indicating that 

inoculation was more effective in the presence of normal soil microflora (Mahmoud 

et al., 1976). Banik and Dey (1982) studied solubilization of rock phosphate in soil 

by several phosphate dissolving microorganisms isolated from alluvial soil and 

reported that Aspergillus candidus and Bacillus firmus performed l)cHer than the 

other isolates.

Jisha (1993) in a soil incubation study recorded higher available P in 

soil due to inoculation with Pseudomonas striata or Bacillus polymyxa in both 

sterilized and unsterilized soil amended with rock phosphate and cotton stalk. 

However, Pseudomonas striata showed higher solubilization of added rock 

phosphate than Bacillus polymyxa.

2.2 P-solubilizing microorganisms as inoculants and crop response

Since the literature on the response of sunflower crop to inoculation 

with phosphate solubilizing microorganisms is very limited, the inoculation influence 

in other crops is also reviewed briefly here under.

2.2.1 Sunflower

The earliest report of increased P-uptake and dry weight of plants 

through inoculation of phosphate solubilizing organisms was made by Gerretsen
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(1948). He found that sunflower, oat, mustard and rape inoculated with pure 

cultures of rhizospherc bacteria in pots containing sterilized soil amended with 

poorly soluble phosphate, resulted in increased dry weight of plants as well as P- 

uptake. Significant increase in N and P uptake and green matter was also observed 

during the first stage of vegetation in sunflower plants due to soil inoculation with 

phosphate dissolving microorganisms (Stefan and Boti, 1960).

Investigations carried out by Forster and Freier (1988), on the 

efficiency of P-mobilizing microorganisms in the rhizosphere of sunflower indicated 

increased dry weight and phosphorus uptake in sunflower plants. Jones and 

Sreenivasa (1993) studied the response of sunflower to inoculation with 

Pseudomonas striata and phosphorus application in black clayey soil. The results 

indicated that inoculation of Pseudomonas striata increased the plant height, dry 

matter content and seed yield over uninoculated treatment. They also recorded 

increase in the population of P-solubilizers in the rhizosphere of inoculated plants 

upto 60 days after planting. Use of phosphate solubilizing biofertilizer, produced 

from Bacillus megaterium var. phosphaticum, in sunflower, in combination with 

application of single super phosphate or Mussoorie rock phosphate increased the dry 

matter yield and phosphorus uptake significantly when compared to uninoculated 

control (Rachewad etal., 1992).

Ravishankar (1993) in a field trail conducted in vertisol under 

irrigated condition, recorded significantly higher yield of sunflower due to 

inoculation with P-solubilizing biofertilizer prepared out of Pseudomonas striata.



The' higher yields in inoculated treatments were attributed lo increased head 

diameter, total number of seeds and number of filled seeds per head.

2.2.2 Groundnut

Manjaiah (1989) recorded significantly higher pcxl yield, shelling 

percentage, test weight and phosphorus uptake in groundnut crop inoculated with 

Aspergillus awamori and applied with Mussoorie rock phosphate and FYM. 

Similarly, application of Mussoorie rock phosphate plus FYM plus Pseudomonas 

striata increased the phosphorus uptake in field grown groundnut significantly at all 

the stages of crop growth compared to application of FYM plus Mussoorie rock 

phosphate without inoculation (Hebbara and Suseeladevi, 1990). Mudalagiriyappa

(1993) also recorded significantly higher pod yield and P-uptake in groundnut due to 

inoculation of Pseudomonas striata and Aspergillus awamori.

2.2.3 Soybean

Seed inoculation with Bacillus megaterium in combination with 

application of 1(X) kg P2 O5  as rock phosphate has been reported to increase the 

P-uptake and dry matter yield of soybean (Ahmad and Jha, 1982). fianik and Datta

(1988) observed significant increase in the vegetative growth of soybean plants 

inoculated with Bacillus firmus and applied with rock phosphate as P-source. 

Significantly higher seed yield and P-uptake of field grown soybean due to 

inoculation with the two phosphate solubilizing biofertilizers viz., 'phosphin' and 

'microphos' has also been reported by Patil (1990).
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Seed inoculation of maize witii Pseudomonas sp. significantly 

increased the dry matter yield and P-uptake when compared to uninoculated control 

(Kavimandan and Gaur, 1971). Rachewad et al. (1991) reported that seed 

inoculation of maize with Bacillus polymyxa and/or application of 75 kg P ha^ in 

the form of single super phosphate or Mussoorie rock phosphate increased the 

biomass production, P-content and uptake in plants compared to uninoculated plants. 

They also found that inoculation along with addition of P was more effective than 

inoculation alone.

Significant increase in the grain and straw yield as well as phosphorus 

uptake of wheat due to inoculation with Bacillus polymyxa and rock phosphate 

application has been reported by Gaur and Ostwal (1972). Similar increase in the 

grain yield of wheat was recorded under field condition when r(x;k phosphate was 

applied to soil and seeds were inoculated with Pseudomonas striata. Further, the 

response of the crop to bacterial inoculation was equivalent to 50 kg P2 O5  ha'* as 

super phosphate (Gaur et al., 1980). Chakraborthy et al. (1986) also recorded 

higher yield of wheat due to application of 'phosphobacterin' in combination with 

Mussoorie rock phosphate.

Asea et al. (1988), using ^^p isotope dilution method, found that 

green house grown wheat inoculated with Penicillium bilaji was able to obtain 18 

per cent of P from sources unavailable to uninoculated plants and the organism was 

also able to solubilize added rock phosphate. Kucey (1988) observed increased dry

11
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matter production and P-uptake in wheat in response to Penicillium bilaji inoculation 

both under green house and field conditions. Field trail conducted by riwari et al.

(1989) Indicated that seed inoculation with Pseudomonas striata caused a greater 

impact on wheat crop.

Sharma and Singh (1971) reported higher grain yield and increased N 

and P-uptake of rice due to inoculation with 'phosphobacterin' and bone meal 

application to sandy loam soil of Karnal. A significant increase in P-uptake and dry 

weight of pot grown rice plants, due to inoculation with Bacillus spp. was recorded 

by Banik and Dey (1981). Datta et al. (1982) also found significant increase in the 

yield and phosphorus uptake of rice due to inoculation with Bacillus firmus. The 

results of field trails conducted in alluvial soil indicated that even simple inoculation 

of rice seedlings with Bacillus polymyxa increased the grain yield by 5 .7  q and 2.7  

q ha'^ in two successive years. Further, application of rock phosphate @ 60 kg 

P2 O5  ha'^ plus 'microphos' culture was as effective as super phosphate applied at 

the same rate in enhancing the rice yield (Gaur and Singh, 1982). Kundu and Gaur 

(1984) reported appreciable increase in the yield and nutrient uptake of rice due to 

inoculation with P-solubilizing Pseudomonas striata and Aspergillus awamori with 

or without the addition of chemical fertilizers.

Inoculation of phosphate solubilizing culture (consisting of 

Pseudomonas striata and Bacillus polymyxa mixed in 1 to 1 ratio) alone or in 

combination with phosphatic fertilizers increased the root cation exchange capacity, 

available phosphorus content in soil and P-uptake in field grown rice plants (Mohod
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et al., 1989). Inoculation with the same P-solubilizing culture also increased the 

number of grains per panicle, grain weight per panicle, 1 0 0 0  grain weight, grain 

yield, straw yield and N-uptake of rice (Mohod et al., 1991). Anthoniraj et al.

(1994) also reported positive response of low land rice under field condition to 

inoculation with phosphobacteria, although the extent of benefit varied with the P- 

levels tested. They also noted higher population of phosphobacteria in inoculated 

plots than in uninoculated plots.

Salih et al. (1989) found that, inoculation of sorghum with 

Penidllium and Aspergillus isolates in combination with application of triple super 

phosphate or rock phosphate increased the dry matter yield and P-uptake in plants in 

calcareous soil. Increase in the grain and straw yield of sorghum under field 

condition has also been reported by Alagawadi and Gaur (1992) due to inoculation 

with P. straita and B. Polymyxa.

Jisha (1993) reported that, the inoculation of Pseudomonas striata or 

Bacillus polymyxa showed significant positive influence on growth, yield and 

nutrient uptake of sorghum and also showed increased available P-content in soil 

compared to uninoculated control. Further the population of i*-solubilizers in the 

rhizosphere of inoculated plants was higher than in uninoculated plants at 60 days of 

plant growth.

Use of phosphate solubilizing bacteria viz.. Pseudomonas striata or 

Bacillus polymyxa and their influence on the nutrient uptake and yield of sorghum 

was studied by Jisha and Alagawadi (1996), in vertisol amended with cotton stalk 

and rock phosphate. They observed that inoculation of Pseudomonas striata and
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Bacillus polymyxa increased the size and weight of earhead, number of spikelets per 

ear, straw and grain yield as well as nutrient uptake and available P content in soil, 

significantly over uninoculated control. The population of phosphate solubilizing 

bacteria was higher in inoculated plants than that of the uninoculated plants.

Alagawadi and Gaur (1988) studied the influence of P-solubilizing 

Pseudomonas striata and Bacillus polymyxa with and without added chemical 

fertilizers on the yield and nutrient uptake of chickpea and reported significant 

increase in the available P-content of soil, dry matter content, grain yield, and 

nutrient uptake of plants due to inoculation. They also noted higher population of P- 

solubilizing bacteria in the rhizosphere of inoculaled plants than uninoculated plants. 

Field trails conducted by Tiwari et al. (1989) indicated that seed inoculation with 

Bacillus polymyxa markedly increased the yield of chickpea. Inoculation of P- 

solubilizing bacteria along with the application of 17.5 kg P ha’  ̂ in the form of 

Mussoorie rock phosphate resulted in increased dry matter in chickpea and was as 

effective as the application of single super phosphate (Prabhakar and Saraf, 1990). 

Inoculation with phosphate solubilizing bacteria increased the seed yield of black 

gram by 9.5 and 22.5 per cent over control in two successive years (Tomar et al., 

1993).

2.3 Production of growth promoting substances by phosphate solubilizing 

microorganisms

Besides solubilizing insoluble phosphates and making it available to 

plants, tlie phosphate solubilizing microorganisms are also known to produce growth
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promoting substances and benefit the plants. Brown (1972), Azcon and Barca 

(1975) and Barea et al. (1976) have reported that phosphate dissolving 

microorganisms of soil and rhizosphere produce plant growth promoting substances 

like indole acetic acid, gibberellins, cytokinins, etc.

Out of the 50 phosphate solubilizing bacteria examined by Barea et 

al. (1976), 43 produced lAA, 29 formed gibberellins 45 cultures produced cytokinin 

like substances. Twenty cultures were able to synthesize all the three types of plant 

hormones. Sattar and Gaur (1987) also reported production of auxins and 

gibberellins to a considerable content by phosphate dissolving Bacillus polymyxa, 

Bacillus pulvifaciens, P. striata and Aspergillus awamori. However, strains varied 

in nature and quantity of production of plant growth promoting substances. They 

suggested that the beneficial effects of these organisms may also be due to the 

production of plant growth promoting substances, besides phosphate solubilization.
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III. MATERIAL AND METHODS

A field experiment was conducted in deep blacic soil at the Main 

Research Station of the University of Agricultural Sciences, Dharwad, under rainfed 

condition during kharif season of 1994-95 to study the effect of P-solubilizing 

biofertilizers in combination with different forms and levels of phosphorus on 

growth, phosphorus uptake and yield of sunflower, as well as rhizosphere microflora 

and available P content in soil. The details of the material used and the 

experimental techniques adopted during the course of investigation are described in 

this chapter.

3.1  Location and experimental site

The experiment was conducted in plot number 125 of 'E' block of the 

Main Research Station, University of Agril, Sciences, Dharwad, which is situated at 

15°-26' north latitude, 75°-07' east longitude and an altitude of 678 meters above 

mean sea level.

3 .2  Soil characters o f experimental site

The soil of the experimental site was deep black clayey in texture. 

Composite soil sample upto a depth of 30 cm collected from the experimental site 

before initiating the experiment was analysed for important physical and chemical 

properties as well as microbial populations by employing standard methods 

(Table 1).



Table 1. Physical and chemical properties and initial microbial population of the 
experimental site

Particulars Value Method employed

I. Physical properties

Coarse sand (%) 6 . 1 0  — 1

Fine sand (%) 13.14 |- Particle size distribution by
Silt (%) 28.00 1 International pipette method (Piper, 1966)
Clay (%) 50.76 — 1

Field capacity (%) 33 .00 Field method (Dastane, 1972)
Bulk density (g\cc) 1.29 Core sample method (Dastane, 1972)

II. Chemical properties

Available N (kg/ha) 196.00 Alkaline permanganate method (Subbaiah and
Asija, 1959)

Available P 2 O 5 (kg/ha) 14 .25 Olsen's method (Jackson, 1967)
Available K 2 O (kg/ha) 601.00 Flame photometer (Jackson, 1967)
Organic carbon (%) 0 .73 Walkley and Black's wet oxidation method

(Jackson, 1967)
pH (1:2.5) 8 . 1 0 Beckman's pH meter (Piper, 1966)

III. Initial microbial population

Bacteria 77.50 X  10^ — I

Fungi 23.50 X  10^
Actinomycetes 10.50 X  10-̂ - Serial dilution plate count technique
Free living N 2 -fixers 20.00 X  10-̂
P-solubilizers 15.00 X  10^ — '
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3.3 Climatic conditions

The monthly meteorological data for the period from January, 1995 to 

December, 1995 and the average for the past 44 years (1951-1994) as recorded at 

meteorological observatory of the Main Research Station, UAS, Dharwad, are 

furnished in Appendix I.

During 1995, total rainfall received was 790.00  mm which was 11 

mm less than the average of 44 years. Out of 790.00  mm rainfall, 2 9 9 .6  mm was 

received during the cropping period (4th August to 2nd November). The highest 

and the lowest mean maximum temperature during crop period was 29.3 and 28.1 °C 

where as, the highest and the lowest mean minimum temperature was 20.70°C  and 

15.20°C respectively. The relative humidity ranged from 75 per cent in June to 8 6  

per cent in August.

3.4 Previous crop history of experimental site

During the kharif season of 1993-94, general maize crop was taken up 

with all common cultural operations, and in rabi season the land was kept fallow.

3.5 Experimental details

The details of the experiment with regard to crop variety, treatment 

combinations, the design and plot size are furnished below.
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There were 21 treatment combinations involving forms and levels of

phosphorus as well as P-solubllizing biofertlllzers as given below;

Tj - No P and uninoculated control (UlC)

Tj - No P + Biophos 
T^ - No P + f*. striata
T4  - SSP at 50%  RDP + UIC

T5  - SSP at 50%  RDP + Biophos
T^ - SSP at 50%  RDP + P. striata
Tj - SSP at 75%  RDP + UIC

Tg - SSP at 75 % RDP + Biophos

Tg - SSP at 75%  RDP + P. striata
T io  - SSP at 100% RDP + UIC
T^^ - SSP at 100% RDP + Biophos
T j2  - SSP at 100% RDP + P. striata
T i3  - MRP at 50%  RDP + UIC
T j4  - MRP at 50%  RDP + Biophos

T j5  - MRP at 50%  RDP + P. striata
T i5  - MRP at 75%  RDP + UIC
T jy - MRP at 75%  RDP + Biophos
Tjg - MRP at 75%  RDP + P. striata
T j9  - MRP at 100% RDP + UIC
T2 0  - MRP at 100% RDP + Biophos
T2 ] - MRP at 100% RDP + P. striata

3 .5 .1  Treatments

(MRP - Mussoorie rock phosphate;
SSP - Single super phosphate;
RDP - Recommended dose of phosphate)

3.5.2 Design and layout

The experiment was laidout in randomised block design with three 

replications. The plan of layout is presented in Figure 1. The size of individual 

plots was 5m X 4.8m.
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Sunflower hybrid KBSH-I, obtained from Senior Farm 

Superintendent, Main Research Station, UAS, Dharwad, was used in the 

experiment. The variety has a normal maturity period of 90-95 days with uniform 

maturity. It is one of the recommended varieties for Karnataka State.

3.6 Biofertilizers

The two phosphate solubilizing biofertilizers used in the study were

1 . Biophos'

2. Pseudomonas striata

'Biophos', a commercial carrier based biofertilizer manufactured by 

M/s Ajay Biotech, Pvt. Ltd. Pune and marketed by M/s Zuari Agrochemicals Ltd., 

was obtained from the local market. The efficient phosphate solubilizing bacterium, 

Pseudomonas striata, obtained from the Microbiology Division, Indian Agricultural 

Research Institute, New Delhi, was used as another biofertilizer in the study. The 

carrier based inoculum of this bacterium was prepared by transferring a loopful of 

culture from 24 hours old culture slants to 50  ml Pikovskaya's broth (Pikovskaya, 

1948). After two days of Incubation at 28± 2°C , the entire broth culture was 

transferred to one liter capacity Erlenmeyer flask containing 5(X) ml Pikovskaya's 

brotli. The flasks were incubated at 28± 2°C  for three days and then mixed with 

sterilized lignite in the ratio of 1 :2  and cured at room temperature for one week in 

sealed polythene bags before use. The P. striata inoculum had a population of

3 .5 .4  Crop variety



28x10^ g'* carrier material where as that in 'biophos' was 2 2 x i0 ^  g'* on the day 

of inoculation.

3 .7 .1  Land preparation

The land was ploughed once with tractor drawn iron plough during 

the month of May, 1995. This was followed by two harrowings to bring the soil to 

fine tilth. Stubbles and weeds were collected and disposed out of the experimental 

site. Experimental plots were laidout as per the plan given and each plot was 

provided with bunds all around to avoid contamination of soil and water from other 

plots. '

3 .7 .2  Manure and fertilizer application

FYM at the rate of seven tonnes per hectare was uniformly applied to 

all the plots 15 days prior to sowing. The fertilizer dose recommended for the crop 

was 35:50:35 kg NPK/ha and all the fertilizers were applied as basal dose at the 

time of sowing. Nitrogen in the form of urea and potassium in the form of muriate 

of potash were applied commonly to all the plots. Phosphorus was applied at 0, 50, 

75 and 100 per cent of the recommended dose in the form of single super phosphate 

or Mussoorie rock phosphate as per the treatment schedule.

3 .7 .3  Seed inoculation and sowing

Seeds were inoculated separately with carrier based inoculum of 

'biophos' and Pseudomonas striata using gum arabic solution as an adhesive. 

Inoculated seeds were dried in shade for half an hour and were sown immediately.
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The seeds were sown on 4th August 1995 at the rate of two seeds per hill by hand 

dibbling with a spacing of 60 cm between the rows and 2 0  cm between the plants 

within each row. Gap filling was taken up after seven days of sowing to ensure 

uniform plant population. Thinning was done 15 days after sowing to maintain one 

plant per hill.

3.8 Plant protection and after care

To check the weed growth, inter-cultivation was done at three and six 

weeks after sowing with the help of a blade hoe and two hand weedings were done 

at fourth and seventh week after sowing. Three insecticidal sprays consisting of 

Monocrotophos (0.02%), Endosulfan (0.02%) and Monocrotophos (0.01% ) plus 

Novan (0.05%) respectively at second, fourth and sixth week after sowing, and a 

fungicidal spray consisting of Mancozeb (0.2%) at eighth week after sowing were 

given to protect the crop from pests and diseases.

3.9 Harvesting and threshing

The sunflower crop was harvested after 90 days of sowing when the 

crop attained full maturity as indicated by lemon yellow colour on the backside of 

head. The heads from each net plot were cut, air dried and hand threshed. The 

produce was cleaned and seed and straw weight per net plot were recorded after 

complete drying.

22



Observations on plant growth parameters, nutrient uptake, available 

P2 O5  content in soil and rhizosphere microflora were recorded at monthly intervals. 

Yield and yield parameters were recorded at harvest.

3.10.1 Plant height

The height of five randomly selected plants was measured from the

base of the plant to the growing tip and the average height was expressed in

centimeters.

3.10.2 Number of green leaves per plant

Total number of fully opened green leaves from the randomly selected 

five plants were counted and their average was taken as number of green leaves per 

plant.

3.10.3 Dry matter accumulation

1 ’he dry matter accumulation of sunflower plants was recorded at 30

and 60 days after sowing and at harvest by uprooting five plants randomly. From

uprooted plants, the root and shoot portions were separated and were separately 

dried in an oven at 70”C to constant weight. I'he sluxM and root dry weights were 

recorded and the average weight was expressed in grams per plant.

3.10.4 Days to 50 per cent flowering

The number of days taken for 50 per cent of the plants to flower in

each plot was recorded and expressed as days to 50 per cent flowering.

2 3

3 .1 0  Observations



a) Diameter of head

The distance between the two diagonally opposite edges of the 

randomly selected five heads was measured and average diameter was expressed in 

centimeters.

b) Head weight

The heads of five plants were cut at the neck region of the plants and 

fresh weight of the heads was recorded and average weight was expressed in grams 

per head.

c) Number of seeds per head

The air dried heads of five plants were threshed to separate the seeds. 

The seeds obtained from each head were cleaned and the number o f filled seeds 

were counted. The average number of seeds of five heads was expressed as number 

of seeds per head.

d) Seed yield per plant

The seeds obtained from each head of the five randomly selected 

plants were weighed seperately and the mean seed weight of five plants was taken as 

the seed weight per plant.

e) Thousand seed weight

One thousand seeds were counted from the seed samples drawn from 

the net plot yield and their weight was recorded and expressed in grams.
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f) Seed yield

The air dried heads from each net plot were threshed, cleaned and the 

weight of the seeds were recorded. Based on the net plot yield, grain yield per 

hectare was calculated and expressed in quintals.

g) Stalk yield

The air dried stalks of each net plot were weighed and the yield of 

stalk per hectare was calculated.

3.11 Microbiological analysis

The rhizosphere soil samples collected at 30 and 60 days after sowing 

and at harvest were analysed for population of free-living N2 -fixers and phosphate 

solubilizers. The rhizosphere soil samples collected at 60 days after sowing were 

also analysed for population of total bacteria, fungi and actinomycetes.

The rhizosphere soil samples required for microbiological analysis 

were collected from the experimental plots by carefully uprwMing the plants 

followed by gentle shaking to remove excess soil. The soil adhering to the roots 

was carefully collected and used for enumeration of total bacteria, fungi, 

actinomycetes, free-living N2 -fixers and P-solubilizers by the standard serial dilution 

plate count technique using soil extract agar (Allen, 1959) for bacteria, Martin's 

Rose Bengal agar (Martin, 1950) for fungi, Kuster's agar (Kustcr and Williams, 

1964) for actinomycetes, Norris N-free agar (Norris, 1959) for free-living N2 -fixers 

and Pikovskaya's agar (Pikovskaya, 1948) for phosphate solubilizers. Plates were 

incubated at 28± 2°C  and colony counts were recorded on the respective plates after
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3-7 days of incubation. The microbial populations were expressed as number of 

colony forming units per gram dry weight of soil.

3.12 Chemical analysis

3.12.1 Available phosphorus content in soil

The soil samples collected at 30 and 60 days after sowing and at 

harvest were air dried, powdered and passed through 2 mm sieve. The available 

phosphorus content of soil samples was determined by Olsen’s method as described 

by Jackson (1973).

3.12.2 Plant analysis

The plant samples collected at 30 and 60 days of plant growth and the 

seeds collected at harvest were dried and ground in a Wiley mill and used for the 

estimation of nitrogen and phosphorus content by the standard procedures. The total 

nitrogen content in plant samples was estimated following the niicrokjcldahl method 

(Jackson, 1973) where as phosphorus content in the plant samples was estimated by 

the vanadomolybdate phosphoric acid yellow colour method of Jackson (1973). The 

N and P uptake was worked out by multiplying the N and P percentage with the 

corresponding dry matter yield and expressed as kg per hectare.

3.13 Statistical analysis of the data

Fisher's method of "analysis o f variance" was applied for analysis and 

interpretation of the data (Panse and Sukhatme, 1967). The level of significance 

used in "F" test was P=0.05. Critical differences were calculated wherever "F" test 

was significant.
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IV. EXPERIMENTAL RESULTS

The results of field trial conducted during tiie kharif season of 1995 

under rainfed condition, to study the influence of phosphate solubilizing 

biofertilizers in combination with different forms and levels of phosphorus, on 

growth, yield and nutrient uptake of sunflower as well as soil available phosphorus 

and rhizosphere microflora are presented in this chapter.

4.1 Growth parameters

4.1.1 Plant height

The plant height, in general was found to increase markedly in all the 

inoculation and fertilizer application treatments as compared to control at both 30 

and 60 days of crop growth (Table 2). At 30 DAS, inoculation with biophos' and 

Pseudomonas striata showed significant increase in plant height (38.58 and 37.19  

cm, respectively) over uninoculated control (35.35 cm). However, the two 

biofertilizers were on par with each other. Among the two forms of phosphorus, 

super phosphate application significantly enhanced the plant height (37.84 cm) over 

rock phosphate application (36.24 cm). The plant height was also found to increase 

significantly with increasing levels of phosphorus irrespective of the forms of 

phosphorus. Maximum plant height, among p-levels, was recorded at 1(X) per cent 

RDP (40.29 cm) followed by 75 per cent RDP and 50 per cent RDP (37.94 and 

36.07 cm, respectively) and was least in control where no P was applied (33.86 

cm). The interaction effects between the forms and levels of phosphorus and/or the 

inoculations were statistically non-significant.
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Table 2. Effect of inoculation with 'biophos' and P, striata in combination with different forms and 
levels of P on plant height (cms) at different growth stages

Forms of P P-levels
(tRDP)

30 DAS 60 DAS

UIC 'biophos' P.striata Mean UIC 'biophos' P.striata Mean

Super phosphate 0 32,27 34.88 34.44 33,86 192.27 199.10 196.21 195.86
50 36.66 37.77 37.66 37,36 204.55 210.10 209.66 208.10
75 36.33 40.11 38.77 38.40 207.99 215.22 214.00 212.40

100 38.32 43.99 42,99 41.73 213.55 221.11 220.99 218.55

Mean 33.87 39.16 38.46 37.84 204.59 211.38 210.21 208.73

Rock phosphate 0 32.27 34.88 34.44 33.66 192.27 199.10 196.21 195.86
50 33.22 38.44 32.66 34.77 196.44 204.51 204.10 201.68
75 36.10 38.44 37.88 37.47 203.32 213.08 211.88 209.43

100 37.77 40.10 38.66 38.84 208.66 216.77 215.00 213,48

Mean 34.84 37,96 35.11 36.24 200.17 208.37 206.80 205.11

Mean 35.35 38.58 37,19 37.04 202.38 209.87 208.51 206.92

Means for levels of phosphorus

30 DAS 60 DAS

P-levels 0 50 75 100 0 50 75 100

Mean 33.86 36.07 37.94 40,29 195.86 204.09 210.91 216.01

Sources SEmt CD (0,05) SEmt CD (0.05)

Forms of P(A) 0.447 1,273 0,358 1.018
Levels of P (B) 0.663 1,801 0,506 1.439
Inoculation (C) 0.548 1,560 0.438 1.246
AxB 0.895 NS 0.715 2.035
AxC 0,775 NS 0.619 NS
BxC 1.096 NS 0.876 NS
AxBxC 1,550 NS 1.239 NS

RDP = Recommended dose of phosphorus, UIC : Uninoculated control, NS : Non-significant,
m ?  = r i auq a f f p r  s n u i n n



An almost similar trend was also noticed at 60 days of crop growth. 

'Biophos' inoculation showed maximum plant height (209.87 cm), which was 

significantly superior over P. striata (208.51 cm) as well as uninoculated control 

(202.38 cm). P. striata inoculation also enhanced the plant height significantly over 

uninoculated control. Once again, application of super phosphate increased the plant 

height significantly (208.73 cm) over rock phosphate (205.11 cm). Among the 

phosphorus levels, maximum plant height was recorded at 1(K) per cent RDP 

(216.01 cm), followed by 75 per cent RDP (210.91 cm) and 50 per cent RDP 

(204.89 cm) all of which were significantly superior over control (195.86 cm) but 

differed significantly among themselves. The interaction effects between the forms 

and levels of phosphorus were significant at 60 DAS. Super phosphate application 

at 100 per cent RDP showed maximum plant height (218.55 cm) and was 

significantly superior over all other similar combinations. The interaction effects 

between forms of phosphorus and inoculation, inoculation and levels of phosphorus 

and forms of P x levels P x inoculation were found non-significant.

4.1.2 Number of leaves per plant

Maximum number of leaves per plant among inoculation treatments at 

30 DAS (Table 3), was recorded in treatment receiving 'biophos' inoculation (18.35  

g plant"*) followed by P. striata inoculation (18.14 g planf *) both of which were 

significantly superior over the uninoculated control (17.55 g plant'*) but were on 

par with each other. Application of super phosphate, irrespective of inoculation and 

P-levels, produced significantly higher number of leaves (18.21 g plant'*) than
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Table 3. Number of leaves per plant as influenced by P-solubilizers in combination with different foras 
and levels of P at different growth stages

3 0

Forms of P P-levels
URDP)

30 DAS 60 DAS

UIC 'biophos ' P.striata Mean UIC biophos ' P,striata Hean

Super phosphate 0 16.71 17.33 17.10 17.05 13,72 15,11 15.00 14,61
50 17.99 18.21 18.55 18.25 15,44 19,55 18,44 17.81
75 17.77 18.88 18.99 18.55 17,33 21,55 20.38 19,75

100 18.44 19.21 19.33 18.99 19,31 22,88 21,99 21,39

Mean 17.73 18.41 18.49 18.21 16.45 19.77 18,95 18,39

Rock phosphate 0 16.71 17.33 17.10 17,05 13,72 15,11 15.00 14,61
50 17.22 18.10 17.88 17.73 15,33 17.66 16.33 16.44
75 17.66 18.55 17.66 17.96 15.88 19,88 18,10 17,96

100 17.88 19.22 18.55 18.55 17,22 20,00 21,33 19.59

Mean 17.37 18.30 17.80 17,82 15,54 18,22 17.69 17.15

Mean 17.55 18.35 18.14 18.01 15.99 18.99 18.32 17,77

Means for levels of phosphorus

P-levels

Mean

30 DAS

50 75 100

n .  05 17 . 99 18.25 18.77 14.61

60 DAS

50 75 1 0 0

17.12 18,85 20.49

Sources SEnii CD (0.05) SEmt CD (0.05)

Forms of P(A) 0.125 0.355 0.251 0.715
Levels of P (B) 0.177 0.503 0,355 1.011
Inoculation (C) 0.153 0.435 0,308 0,875
AxB 0.250 NS 0,502 NS
AxC 0,216 NS 0.435 NS
BxC 0.306 NS 0.615 NS
AxBxC 0.433 NS 0.870 NS

RDP = Recowended dose of phosphorus, UIC = Uninoculated control, NS = Non-significant, 
DAS = Days after sowing



application of roci< phosphate (17.82 g plant ’). It was also observed (hat increasing 

levels of P-application in either form enhanced the number of leaves significantly. 

Maximum number of leaves, among P-levels, was recorded with l(K) per cent RDP 

(18.77 g plant’ *), followed by 75 and 50 per cent RDP (18.25 and 17.99 g plant'*, 

respectively) and was least in control (17.05 g plant"’) where no P was applied. 

However, none of the interactions were found to be significant.

A matching trend was also observed at 60 DAS. Among the 

inoculation treatments, 'biophos' showed the highest number of leaves (18.99 g 

plant'*), followed by P. striata (18.32 g plant’ *) both of which were significantly 

superior over the uninoculated control (15.99 g plant'*). However, the two 

biofertilizers were on par with each other. At 60 DAS also, super phosphate 

application showed significantly more number of leaves (18.39  g plant'*) than rock 

phosphate application (17.15 g plant'*). Among the P-levels, maximum number of 

leaves were recorded at 100 per cent RDP (20.49 g plant'*), followed by 75 and 50  

per cent RDP (18.85 and 17.12 g plant'*, respectively) each of which differed 

significantly among themselves but all were significantly superior over no 

phosphorus control (14.61 g plant'*). The interaction effects were found to be non­

significant at this stage of crop growth also.

4 . 1 . 3  Dry matter accumulation and its distribution

4. 1 . 3 . 1  Root dry weight

In general, all the inoculation and fertilizer treatments showed a 

marked increase in root dry weight over the respective control treatments (Table 4).
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The root dry weight at 30 DAS, among the inoculation treatments, was highest in 

'biophos' (1.56 g plant'*), followed by P. striata (1.52 g plant”') both of which 

were on par with each other but significantly superior over uninoculated control 

(1.32 g plant”'). The root dry weight was significantly iiighcr in treatment 

receiving P in the form of super phosphate (1.54 g plant'') than those receiving P in 

the form of rock phosphate (1.39 g plant'*). The root dry weight was however 

found to increase significantly with increase in P-levels irrespective of P-forms and 

inoculations. Among the P-levels, highest root dry weight was observed at 100 per 

cent RDP (1.72 g plant"’ ), followed by 75 and 50 per cent RDP (1.54 and 1.41 g 

plant'*, respectively) and lowest root dry weight was recorded in no phosphorus 

control (1 .19  g plant'*). I’he interaction effects between the ibrms and levels of 

phosphorus were also found to be significant. Super phosphate application at l(X) 

per cent RDP showed highest root dry weight (1.86 g plant'*) and was significantly 

superior over all other P-form x P-level combinations. The interaction between the 

levels of P and inoculation also showed significant effect where the highest root dry 

weight was recorded in the combination of UK) per cent KDI’ plus 'biophos' 

inoculation (1.87 g plant'*) followed by 100 per cent RDP plus P. striata 

inoculation (1.74 g plant'*) both of which were significantly superior over the all 

other combinations of P-level x inoculation. However, interaction between the 

forms of P, levels of P and inoculation was found to be non-significant.

An almost similar trend in root dry weight was also recorded at 60 

DAS. Irrespective of the forms and levels of phosphorus, inoculation of biophos'
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Table 4, Root dry weight (g plant‘d) at 30 and 60 days of crop growth as influenced by P-solubilizing 
biofertilizers and different forms and levels of P

Forms of P P-levels
(IRDP)

30 DAS 60 DAS

UIC 'biophos' P.striata Mean UIC 'biophos' P.striata Mean

Super phosphate 0 1.02 1.24 1.30 1.19 2.46 2.73 2,70 2.63
50 1,34 1.59 1.53 1,48 3.20 3.33 4.10 3.54
75 1,49 1.75 1.67 1.64 4.50 6.16 5.47 5.38

100 1,64 2.07 1.87 1.86 5.18 7.40 6.76 6,45

Mean 1,37 1.66 1,59 1.54 3.83 4,90 4.76 4,50

Roc)c phosphate 0 1,02 1.24 1.30 1.19 2.46 2.73 2.70 2,63
50 1,24 1.40 1.36 1.33 2.30 3.33 2.66 2,76
75 1,35 1.50 1.48 1.44 2.86 3.43 3.30 3.20

100 1,45 1.68 1.63 1.58 3.03 4.36 5.46 4.28

Mean 1,26 1.46 1.44 1.39 2.66 3.46 3.53 3.22

Mean 1,32 1.56 1.52 1.46 3.25 4.18 4.14 3.86

Two way table for interaction between inoculation and levels of P

P-levels 30 DAS 60 DAS
(»RDP)

UIC 'biophos' P.striata Mean UIC biophos P.Striata Mean

0 1,02 1.24 1.30 1.19 2.46 2.73 2.70 2.63
50 1,29 1.50 1.44 1.41 2.75 3.33 3.38 3.15
75 1.42 1.63 1.58 1.54 3.68 4.00 4.38 4,29

100 1.54 1.87 1.74 1.72 4.11 5.83 5.11 5.37

Sources SEmt CD (0.05) SEmt CD (0.05)

Forms of P(A) 0.012 0.034 0.063 0.180
Levels of P (B) 0.017 0,049 0.089 0.254
Inoculation (C) 0.015 0,042 0.077 0.220
AxB 0.024 0.069 0.126 0.360
AxC 0.021 NS 0.109 NS
BxC 0.030 0.084 0.155 0.440
AxBxC 0.042 NS 0.219 0.623

RDP = Recommended dose of phosphorus, UIC = Uninoculated control, NS = Non-significant,
DAS = Days after sowing



(4.18 g plant"’ ) and P. striata (4.14 g plant'’ ) showed almost same rtxH dry weight, 

but both were significantly superior over the uninoculated control (3.25 g plant'’ ). 

Once again application of sgper phosphate was found to be significantly superior 

(4.50 g plant'*) over the rock phosphate (3.22 g plant'*). Among P levels, highest 

root dry weight was recorded in plants receiving 1(X) per cent RDP (5.37 g plant''), 

followed by 75 and 50 per cent RDP (4.29 and 3.15 g plant"*, respectively) each of 

which differed significantly among themselves but all were significantly superior 

over control where no P was applied (2.63 g p'*). The interaction effect between 

the forms and levels of P was significant. Super phosphate ap|)lication at 100 per 

cent RDP showed the highest root dry weight (6.45 g plant *) which was 

significantly superior over all other similar combinations, interaction between 

inoculation and P-levels also showed significant infiuence on rcxH dry weight. 

Treatment receiving 100 per cent RDP plus 'biophos' incx:ulation showed 

significantly higher root dry weight over the other combinations of inoculation x P- 

levels. The interaction effect between forms of P, levels of P and inoculations were 

also found significant. Treatment receiving 'biophos' inoculation along with super 

phosphate at 100 per cent RDP showed the highest root dry weight (7.40 g plant"*) 

and was significantly superior over all other treatment combinations.

4 .1 .3 .2  Shoot dry weight

The data on shoot dry weight at different growth stages are presented 

in Table 5. In general, all inoculation and fertilizer treatments were found to be 

superior over uninoculated and no P control treatment. At 30 DAS, maximum shoot
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dry weight among inoculation treatments, was recorded with biophos' (17 .16  g 

planf^) which was significantly superior over P. striata inoculation (14.82 g 

plant*^) and uninoculated control (13.82 g plant"*). However, P. striata inoculation 

and uninoculated control were on par wilii cach other. Among the Iwo forms of P, 

super phosphate application was found to be significantly superior (16.56 g plant"’ ) 

over rock phosphate application (14.(X) g plant’ ’ ). Highest shoot dry weight among 

P-levels, irrespective of inoculation and forms of phosphorus, was recorded at 1(X) 

per cent RDF (19.49 g plant’ ’ ), followed by 75 per cent RDP (17.99 g plant’ ’ ) 

which were on par with each other but significantly superior over 50 per cent RDP 

(12.31 g plant"’ ) and no P control (11.31 g plant"’ ). The inicraciion between the 

forms of P and levels of P was found to be significant at 30 DAS. Application of 

super phosphate at 100 per cent RDP showed highest shoot dry weight (22.55 g 

plant"*), followed by single super phosphate at 75 per cent RDP (20.05 g plant’ ’ ) 

both of which were significantly superior over all other similar combinations. None 

of the other interactions were found to be significant.

A similar trend in shoot dry weight was also observed at 60 days of 

crop growth. 'Biophos* inoculation increased the shoot dry weight significantly 

(61.68 g plant’ ’ ) over the P. striata (58.62 g plant"’ ) and uninoculated control 

(52.71 g plant"*). P. striata inoculation also showed significantly higher shoot dry 

weight than uninoculated control. Super phosphate application enhanced the shoot 

dry weight significantly (60.39 g plant’ ’ ) over the rock phosphate application (57.67 

g plant"’ ). Shoot dry weight was significantly influenced by the P-levels. Highest
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Table 5. Effect of inoculation with P-solubilizing biofertilizers in combination with different forms 
and levels of P on shoot dry weight (g plant' ) at 30 and 60 days after sowing

Forms of P P-levels
(tRDP)

30 DAS 60 DAS

UIC 'biophos' P.striata Mean UIC 'biophos' P.striata Mean

Super phosphate 0 9.58 12.36 11.96 11.30 47.30 52.37 50.55 50.07
50 10.92 14.46 11.64 12.34 49.47 56.17 54.42 53.35
75 15.46 24.15 20.55 20.05 53.94 69.16 67.35 63,48

100 23.51 25.38 18.76 22.55 67.75 83.18 72.99 74.64

Mean 14.86 19.09 15.73 16.56 54.61 65.22 61.33 60.39

Rocli phosphate 0 9.58 12.36 11.96 11.30 47.30 52.37 50.55 50.07
50 11.40 12.45 13.03 12.29 48.52 54.81 52.47 52.64
75 13.73 16.96 17.06 15.92 51.24 58.52 58.16 59.73

100 16.46 19.20 13.66 16.44 56.18 66.86 62.46 68.24

Mean 12.79 15.24 13.92 14.00 50.81 58.14 55.91 57.67

Mean 13.82 17,16 14.82 15.28 52.71 61.68 58.62 57.67

Means for levels of phosphorus (30 DAS)

P level (\RDP) 0 50 75 100

Mean 11.31 12.31 17.99 19.49

Two way table for interaction between 
inoculation and levels of P (60 DAS)

P-levels
(IRDP) UIC 'biophos' P.striata Mean

0 47.34 52.37 50.55 50.07
50 48.99 55.49 53.44 52.64
75 52.59 63.84 62.76 59.73

100 61.96 75.02 67.73 68.24

Sources SEmt CD (0.05) SEmt CD (0.05)

Forms of P(A) 0.587 1.671 0.326 0.929
Levels of P (B) 0.830 2.363 0.461 1.313
Inoculation (C) 0.719 2.046 0.400 1.137
AxB 1.714 3.341 0.653 1.857
AxC 1.917 NS 0.565 1,609
BxC 1.438 NS 0.799 2.275
AxBxC 2.033 NS 1.130 NS

RDP : Recoiiiiiiended dose of phosphorus, 
DAS : Days after sowing

UIC : Uninoculated control, NS = Non-significant,



shoot dry weight among P-levels was recorded with 100 per ccnt RDP (68.24 g 

plant"*), followed by 75 and 50 per cent RDP (59.73 and 52.64 g plant"*, 

respectively) and was least in no P control (50.07 g plant"’ ) all of which differed 

significantly with each other. The interaction effect between the forms and levels of 

P was found to be significant. Super pho.sphate at 100 per ccni RDP (74.64 g 

plant"*), followed by rock phosphate at 100 per cent RDP (68.24 g plant"') showed 

significantly higher shoot dry weight over all other I’-form x I’ level combinations. 

Interaction between inoculations and forms of P was also found to be significant. 

'Biophos' inoculation along with super phosphate application showed highest shoot 

dry weight (65.22 g plant"*), followed by P. striata plus super phosphate (61.33 g 

plant"*) both of which were significantly superior over all other similar 

combinations. Interaction between inoculations and P-levels was also found to have 

significant effect on shoot dry weight at 60 DAS. 'Biophos' inoculation in 

combination with 100 per cent RDP recorded highest shoot dry weight (75.02 g 

plant"*), followed by P. striata plus 1(X) per cent RDP (67.73 g plant"') both of 

which were significantly superior over all other combinations of P-levels and 

inoculations. Inoculation with 'biophos' or P. striata in combination with 75 per 

cent RDP showed higher shoot dry weight than application of only 100 per cent 

RDP without inoculation, although the increase was non-significant. The interaction 

between P-forms, P-levels and inoculation were however non-significant.

4.1.3.3 Total dry matter accumulation

The data presented in Table 6  indicates that, in general, all the 

treatments receiving inoculation and P fertiliicrs showed signilicantly higher total
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dry matter over the uninoculated and no phosphorus control. At 30 DAS, the 

maximum total dry matter among the inoculation treatments was recorded in 

'biophos' (19.07 g planf^), followed by P. striata (17.83 g plant"') both of which 

were significantly superior over uninoculated control (13.81 g plant'*)• Among the 

two forms of P, super phosphate application showed significant increase in total dry 

matter (18.25 g p lan f') over rock phosphate application (15.55 g plant ’ )). A 

significant increase in total dry matter content of plants was also recorded with 

increasing levels of P. Highest total dry matter, among phosphorus levels, was 

recorded with 100 per cent RDP (22.61 g plant‘ d) followed by 75 and 50 per cent 

RDP (18.18 and 13.67 g plant‘ d, respectively), all of which were significantly 

superior over no P control but differed significantly among themselves. Interaction 

effect between forms and levels of P was found to be significant. Super phosphate 

application at 100 per cent RDP was found to be significantly superior over the all 

other P-form x P-level combinations. The interaction effect between the forms of P 

and inoculation was non-significant, but interaction between inoculation and levels 

of P was significant. Maximum total dry matter as influenced by P-levels x 

inoculation was recorded in the treatment receiving 'biophos' plus 100 per cent RDP 

(24.96 g plant"') which was significantly superior over all other combinations 

except P. striata plus 100 per cent RDP. The interaction between forms of P, levels 

of P and inoculation was found to be non-significant.

A matching trend was also observed at 60 DAS. Significantly higher 

total dry matter was recorded due to 'biophos' (65.93 g plant’ *) and P. striata
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Table 6, Effect of inoculation with P-solubilizing biofertilizers in combination with different forms 
and levels of P on total dry matter accumulation (g plant‘d) at 30 and 60 days of crop growth

3 9

Forms of P P-levels
(iRDP)

30 DAS 60 DAS

UIC 'biophos' P.striata Mean UIC 'biophos' P.striata Mean

Super phosphate 0 10,57 13.61 13.27 12.48 49,55 55,31 53.15 52,67
50 12.26 16.06 14,23 14,18 53,34 59,54 58,52 57.13
75 13.59 25.35 23.16 20,70 58,45 75,33 73.05 68.94

100 22.56 28.20 26,21 25,66 72,94 90,59 79,97 81,17

Mean 14.74 20.80 19.22 18,25 58,57 70,19 66,17 64.98

Rock phosphate 0 10.57 13.61 13.27 12,48 49,55 55.31 53,15 52,67
50 10.64 14.96 13,86 13.15 50,82 58,15 55,14 54,70
75 13.18 19.08 18.52 16.92 54,11 61,98 61,46 59.18

100 17.08 21.71 20,13 19.64 59,22 71,23 67,94 66,13

Mean 12.86 17.34 16,44 15.55 53,42 61,67 59.42 58,17

Mean 13.80 19.07 17,83 16,96 55,99 65,93 62.80 61.57

Two way table for interaction between inoculation and levels of P

P-levels
(tRDP)

30 DAS 60 DAS

UIC 'biophos' P,striata Mean UIC 'biophos' P,striata Mean

0 10,57 13,61 13,27 12,48 49.55 55,31 53,15 55,67
50 11.45 15.51 14,05 13,67 52,08 58,84 56,83 55,91
75 13,35 22.21 20.83 18,18 56,28 68,65 67,25 64,06

100 19,70 24.96 23.17 22.61 66,08 80,91 73,95 73,65

Sources SBmi CD (0.05) SEmt CD (0.05)

Forms of P(A) 0,286 0,814 0,326 0,929
Levels of P (B| 0,404 1,151 0.462 1,314
Inoculation (C) 0,350 0.997 0.400 1.138
AxB 0.572 1.628 0.653 1.858
AxC 0.495 NS 0,566 1.609
BxC 0.700 1.994 0,800 2.276
AxBxC 0.991 NS 1,131 3.219

RDP : Recommended dose of phosphorus, 
DAS : Days after sowing

UIC = Uninoculated control, NS = Non-significant,



(62.80 g plant’ *) inoculation compared to uninoculated control (5 5 . 9 9  g plant'*). 

'Biophos' inoculation was found to be significantly superior over P. striata 

inoculation. Super phosphate application enhanced the total dry mailer significantly 

(64.98 g plant’ *) over the rock phosphate application (58.17 g plant *). Total plant 

dry matter was found to increase significantly with increase in P levels. Among the 

P-levels, total dry matter was highest at 100 per cent RDP (73.65 g plant'*), 

followed by 75 per cent RDP (64.06 g plant"*) both of which were significantly 

superior over 50 per cent RDP (55.91 g plant'*) and no phosphorus control (55.67 g 

plant'*). However, 50 per cent RDP and no P control were on par with each other. 

All the interactions were found to be significant with respect to total plant dry matter 

content. Among the various treatment combinations, highest total dry matter 

content of plants at 60 DAS was recorded in the combination of biophos’ plus super 

phosphate applied at 100 per cent RDP (90.59 g plant'*) followed by P. striata plus 

super phosphate at 100 per cent RDP (79.97 g plant *) both of which were 

significantly superior over all other combinations.

4 .2  Days to 50 per cent flowering

The data on number of days taken for 50 per cent flowering by the 

crop as influenced by different treatments are presented in Table 7.

In general, all the inoculation and fertilizer treatments were found to 

reduce the number of days for 50 per cent flowering. Among the inoculation 

treatments, 'biophos' inoculation showed 50 per cent flowering in 57.37 days which 

was significantly early compared to P. striata inoculation (58.00 days).

41)



Table 7. Days to 50 per cent flowering as influenced by phosphate solubilizers, sources of phosphorus 
and levels of phosphorus

41

P-forms at different levels (\RDP)

Super phosphate Rock phosphate Mean

0 50 75 100 Mean 0 50 75 100 Mean

Die 59.66 59.00 58.00 56,66 58,33 59,66 60,00 59,66 59,00 59,58 58.95

'biophos' 57.66 58,33 56,33 55,66 57,00 57,60 58,00 58.00 57.33 57,75 57,37

P.striata 58.33 57.66 57.66 56,00 57,41 58,33 59,33 58,33 58,33 58,58 58,00

Mean 58.55 58.33 57,33 56.11 57.58 58.55 59.11 58,66 58,22 58,63 58,11

Means for levels of phosphorus

P-levels 0 50 75 100
(^RDP)

Mean 58.55 58.>2 58.00 57.16

Sources SEmt CD (0.051

Forms of P(A) 0.103 0.293

Levels of P (B) 0.146 0.414

Inoculation 0.126 0.359

AxB 0.206 0.586

AxC 0.178 NS

BxC 0.252 NS

AxBxC 0.357 NS

RDP : Recommended dose of phosphorus 
NS : Non-significant 
UIC = Uninoculated control



Uninoculated plants took 58.95 days for 50 per cent flowering which was 

significantly late than the two inoculation treatments. Among the forms of 

phosphorus, super phosphate application significantly reduced the days to 50 per 

cent flowering (57.58 days) compared to application of rock phosphate (58.63 days). 

With increasing levels of P, specially al higher doses, the days lo 50 per cent 

flowering was reduced significantly. Application of 100 per cent RDP recorded 50 

per cent flowering in 57.16  days followed by 75 per cent RDP (58.(K) days) both of 

which were significantly superior over 50 per cent RDP and no P control. The 

interaction effecls between (he forms of 1’ and levels of P were found to be 

significant. Super phosphate at 100 per cent RDP showed significantly less number 

of days for 50 per cent flowering (56.11 days) compared to all other combinations. 

All other interactions were however non-significant.

4 .3  Yield and yield components

4. 3 . 1  Diameter o f head

riie diameter of head was found to be significantly more in treatments 

receiving 'biophos' (37.53 cm) and P. striata (36.70 cm) in(x;ulation over 

uninoculated control (33.35 cm) irrespective of the forms and levels of I’ ( Table 8 ). 

However, two inoculation treatments were on par with each other. Among the 

forms of P, application of super phosphate was found to be significantly superior 

(37.10 cm) over rock phosphate application (34.02 cm). Irrespective of the form of 

phosphorus used, increasing levels of phosphorus significantly increased the 

diameter of head. Among the P-levels, maximum diameter of head was recorded at
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Table 8. Diameter of head (cmsl and head weight (g plant'll as influenced by phosphate solubilizing 
biofertilizers, forms and levels of phosphorus

Forms of P P-levels
(VRDPl

Diameter of head (cms) Head weight (g plant •')

U K 'biophos ' P.striata Mean UIC 'biophos' P,striata Mean

Super phosphate 0
50
75

100

29.33
35.26 
36.40
37.26

35.26
37.80
39.20
42.40

32.33
37.60 
38.80
43.60

32.31
36.88
38.13
41,08

45.40
48.46
69.66
75,80

52.13
73.40
85.00

107.13

49.13
64.06
78.66

103.53

48.88
61.97
77.77
95.48

Mean 34.56 38.66 38.08 37,10 59.83 79.41 73.85 71.03

Rock phosphate 0 29.33 35.26 32.33 32,31 45.40 52.13 49.13 48.88
50 31.06 34.40 32,13 32,53 49.73 63.40 56.66 56.60
75 33.40 37.26 38.93 36,53 51,26 76.33 72.00 66.53

100 34.80 38.73 37.91 37,14 68.33 84.80 76.40 76.51

Mean 32.14 36.41 35.32 34,02 53,68 69.16 63.55 62.13

Mean 33.35 37.53 36.70 35,86 56.75 74.28 68.70 66.58

Means for levels of phosphorus Two way table for interaction between
(Diameter of headi inoculation and levels of P (Head weight)

P level (JRDPI 0 50 75 100 tRDP UIC 'biophos' P,striata Mean

Mean 32.31 34,71 37.33 39.11 0 45.03 52.13 49.13 48.88
50 49.10 68,40 60.36 59.28
75 60.46 80,66 75.33 72.15

100 72.06 95,96 89.96 86.00

Sources SEmt CD (0.05) SBmt CD (0.05)

Forms of P(A) 0.478 1.361 0.296 0.841
Levels of P (B) 0.676 1.925 0.415 M 9 0
Inoculation |C) 0,586 1.661 0,362 1.030
AxB 0,956 2.7J2 P.5S)
AxC 0.512 1.457
BxC 1.171 tis 0.724 2.060
AxBxC 1.657 NS 1.024 2.914

RDP = Recommended dose of phosphorus, UIC = Uninoculated control, NS = Non-significant



100 per cent RDP (39.11 cm), followed by 75 per cent RDP (37.33 cm) and 50 per 

cent RDP (34.71 cm) and was least in uninoculated control (32.31 cm). The 

interaction between forms of P and levels of P was found to be significant. Super 

phosphate applied at 1(X) per cent RDP was found to be significantly superior over 

all other similar treatment combinations. However, the other interactions were 

found to be non-significant.

4 .3 .2  Head weight

The head weight (Table 8 ), among the inoculation treatments, was 

highest in 'biophos' (74.28 g plant'*), followed by P. striata (68.70 g plant '), both 

of which were significantly superior over uninoculated control (56.75 g plant *). 

'Biophos' inoculation showed significantly higher head weight than P. striata 

inoculation. Among the forms of P, super phosphate (71.03 g plant'*) was found to 

be significantly superior over the rock phosphate (62.13 g plant *) in increasing the 

head weight. A significant increase in head weight was recorded with increasing P- 

levels, irrespective of the forms of P and inoculation treatments. Highest head 

weight was recorded at 100 per cent RDP (86.00 g plant'*), followed by 75 per cent 

RDP (72.15 g plant'*) and 50 per cent RDP (59.28 g plant"*) each differing 

significantly among themselves but all were significantly superior over no P control 

(48.88 g plant'*). All the interactions were found to be significant with respect to 

head weight. 'Biophos' inoculation in combination with 100 per cent RDP applied 

in the form of super phosphate recorded the highest head weight (107.13 g plant"*), 

followed by a similar treatment combination with P. striata (103.53 g plant *) both

4 4



of which were significantly superior over all other treatment combinations in the 

experiment.

4 .3 .3  Number o f seeds per head

The data presented in Table 9 indicated that inoculation with 

'biophos' and P. striata significantly increased the number of filled seeds per head 

(991.00 and 919.00, respectively) compared to uninoculated control (715.00). 

Among the two biofertilizers, 'biophos' was found to be significantly superior over 

the P. striata. Super phosphate, among the P-forms, significantly enhanced the 

number of filled seeds per head (952.00) as compared (o rock phospliatc application 

(798.00). Among the P-levels, highest number of filled seeds were recorded with 

100 per ccnt RDP (1112.00) which was significantly superior over other P-levels. 

The interaction between forms of P and levels of P was found to be significant. 

Super phosphate application at 100 per cent RDP recorded highest number of filled 

seeds (1243.00) and was significantly superior over all other such combinations. 

Interaction between inoculation and forms of P also showed significant influence on 

number of filled seeds per head. Super phosphate plus 'biophos' inoculation showed 

highest number of filled seeds and was significantly superior over all other P-form x 

inoculation combinations. The interaction between inoculation and levels o f P was 

also significant with highest number of filled seeds being recorded in the 

combination of 100 per cent RDP plus 'biophos' (1277). The interaction between 

inoculation, forms of P and levels of P was also found significant. 'Biophos' in 

combination with super phosphate applied at 1 0 0  per cent Ki)i’ showed highest 

number of seeds per head (1429), followed by a similar combination with P. striata
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(1330) both of which were significantly superior over all other treatment 

combinations.

4.3.4 Seed yield per plant

The data on seed yield per plant ('I’able 9) showed an almost same 

trends as that of number of seeds per plant. 'Biophos' and P. striata inoculation 

increased the seed yield per plant significantly over uninoculated control (14.71 g). 

However, seed yield per plant was significantly higher with 'biophos' (17.67 g) than 

with P. striata (16.74 g). Irrespective of the P-levels and inoculation, super 

phosphate application showed significant increase in seed yield per plant (18.13 g) 

over rock phosphate application (16.38 g). The seed yield per plant was found to 

increase significantly with increase in P-lcvels. The interaction between forms of P 

and levels of P was found to be significant where the highest seed yield per plant

was recorded in the combination of 1(X) per cent RDP applied in the form of super

phosphate (22.57 g). The interaction between levels of P and inoculation was also 

found to be significant. Combination of 'biophos' plus 1(X) per cent RDP recorded 

the highest seed yield per plant (22.22 followed by P. striata plus l(X) per cent 

RDP (21.01 g) both of which were significantly superior over all other combinations 

of P-level and inoculation. The interaction effects between forms of P and 

inoculation as well as between inoculation, forms of P and levels of P were found to 

be non-significant.

4.3.5 1000 Seed weight

The data on 1000 seed weight (Table 9) revealed that biophos' and 

P. striata inoculation recorded significantly higher 1000 seed weight (33.32 and
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32.93 g, respectively) than uninoculateci control (31.50 g) although the two 

biofertilizers were on par with each other. Among the F’-forms, super phosphate 

(33.23 g) was significantly superior over rock phosphate (31.94 g) in enhancing the 

1(XX) seed weight. Among F’-levels, l(X) per cent RDP showed highest l(XX) seed 

weight (37.73 g) which was significantly superior over other I’ levels. Application 

of 75 and 50 per cent RDP also significantly enhanced the 1(XK) seed weight (33.77 

and 33.(X) g respectively) over no P control (28.33 g) but were on par among 

themselves. None of the interactions were found to be significant.

4.3.6  Seed yield

The data on seed yield (Table 10) revealed that, in general all the 

inoculation and P-fertilizer treatments were found to be significantly superior over 

their respective controls. The treatment receiving 'biophos' inoculaiion recorded the 

highest seed yield (13.62 q ha’ *), followed by P. striata (12.70 q ha ’) both of 

which were significantly superior over the uninoculated control (10.73 q ha *). 

However, the two biofertilizers were on par with each other. Among the forms of 

P, super phosphate showed significantly greater influence on grain yield (14.16 q 

ha'*) than the rock phosphate (10.57 q ha'*). A significant increase in grain yield 

was also observed with increasing levels of P. Among the P-levels, maximum seed 

yield was recorded at 100 per cent RDP (15.40 q ha'*), followed by 75 and 50 per 

cent RDP (13.62 and 11.50 q ha'*, respectively), all of which were significantly 

superior over no phosphorus control (8.44 q ha'*). The interaction between forms 

of P and levels of P was found to be significant where in ilic super phosphate

48



Table 10, Seed yield (q ha ‘^) and stalk yield (q ha ‘^1 as influenced by P solubilizing biofertilizers 
and fornis and levels of phosphorus
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Pornis of P P-levels
URDP)

Seed Yield Stalk Yield
UIC 'biophos' P.Striata Mean UIC 'biophos' P.striata Mean

Super phosphate 0 7.93 9.00 8.39 8.44 32.10 36.50 35.20 32.20
50 12.99 14.67 14.25 13.97 34.36 39.03 38.53 37.31
75 14.15 17.46 15.44 15.68 37.60 45.60 42.80 42.00

100 15.00 21.04 19.68 18.57 42.43 46.30 45.76 44.83
Mean 12.52 15.54 14.44 14.16 36.82 41.85 40.82 39,83

Rock phosphate 0 7.93 9.00 8.39 8.44 32.10 36.50 35,20 32.20
50 8.64 9.13 9.40 9.06 33.23 35.33 35.00 34,52
75 9.08 13.26 12.00 11.45 32.90 36.50 36.20 35.20

100 10.14 15.40 14.54 13.36 34.80 36.60 36.03 35.81
Mean 8.95 11.70 11.08 10.57 33.25 36.23 35.60 35,42

Mean 10.73 13.62 12.70 12.36 35.03 39.04 38.21 37,42

Means of seed yield for levels of Two way table of stalk yield for interaction
phosphorus between inoculation and levels of P
P level (VRDP) 0 50 75 100 VRDP UIC 'biophos' 1?.striata Mean
Mean 8.44 11.50 13.62 15,40 0 32.20 35.65 35,35 34,40

50 33.79 37.18 36.76 35,91
75 35.85 41.05 39,50 38,60

100 38.61 41.45 40.89 40,31

Sources SEm± CD (0.05) SEmt CD (0.05)
Forms of P(A 0.351 0.999 0.145 0.414
Levels of P B) 0.497 1.413 0.205 0.585
Inoculation C) 0.430 1.224 0.178 0,506
AxB 0.702 1.999 0.291 0.827
AxC 0.608 NS 0.250 0.716
BxC 0.860 NS 0.356 1.013
AxBxC 1.216 NS 0.503 1.432
RDP = Recomniended dose of phosphorus, DIC = Uninoculated control, NS = Non-significant,



applied at 100 per cent RDP showed the highest yield (18.57 g ha *) and was 

significantly superior over all other combinations. However, other interactions 

failed to show any significant effect on seed yield. The results on seed yield also 

indicated that, application of super phosphate at 75 per cent RDP in combination 

with 'biophos' or P. striata produced numerically higher yield than application of 

only super phosphate at 100 per cent RDP without incKulation. Similarly, 

application of rock phosphate at 100 per cent RDP in combination with biophos' or 

P. striata showed almost same yield as that of application of super phosphate at 100 

percent RDP without inoculation.

4.3.7 Stalk yield

The trend in stalk yield of sunflower crop (Table 10) was almost same 

as that of seed yield. Both 'biophos' and P. striata showed significantly higher stalk 

yield than uninoculated control although 'biophos' was significantly superior over P. 

striata. Among the forms of P, super phosphate application increased the stalk yield 

significantly than rock phosphate application. The stalk yield was also found to 

increase significantly with increasing level of P-application. The interaction 

between forms of P, levels of P and inoculation was found to be significant. Among 

the various treatment combinations, 'biophos' plus 100 per cent RDP as super 

phosphate showed the highest stalk yield (46.30 q ha’ *) closely followed by P. 

striata plus 100 per cent RDP as super phosphate (45.76 q ha ’) and biophos' plus 

75 per cent RDP as super phosphate (45.60 q ha”') which were on par among 

themselves but significantly superior over rest of the combinations.
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4.4.1 N-uptake

The data on N-uptake by sunflower at different stages of crop growth 

are presented in Table 11. At 30 days of crop growth, N-upiakc in shoot among 

inoculation treatments, was found to be highest in 'biophos' (44.23 kg ha'*) which 

was significantly higher than P. striata (41.02 kg ha’ *) and uninocuiated control 

(31.95 kg ha"*). P. striata inoculation also showed significantly higher N-uptake 

than uninoculated control. Among the forms of P, super phosphate application 

enhanced the N-uptake (43.30 kg ha’*) significantly over rock phosphate application 

(34.83 kg ha’ *). N-uptake was found to increase significantly with increase in P- 

level. Phosphorus at 100 per cent recommended dose recorded the highest N-uptake 

(52.28 kg ha"*), followed by 75 and 50 per cent RDP (43.94 and 33.47 kg ha’ *, 

respectively) each of which differed significantly among themselves but significantly 

superior over no phosphorus control. The interaction between forms of P and levels 

of P was found to be significant. 100 per cent RDP applied in the form of super 

phosphate showed maximum N-uptake and was significantly superior over all other 

combinations. The interaction between levels of P and inoculation was also found to 

be significant where the highest N-uptake in shoots was recorded at 100 per cent 

RDP plus 'biophos' which was significantly superior over all other treatment 

combinations. The interaction effects between forms of P and inoculation and forms 

of P X levels of P x inoculation were found to be non-significant.

An almost similar trend was observed at 60 I^AS. Mere also 

'biophos' inoculation enhanced the N-uptake in shoot (102.79 kg/ha) significantly
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over P. striata (97.62 kg ha'*) and uninoculated control (88.45 kg ha"’). Super 

phosphate among the forms of P and 100 per cent RDP among levels of I’ showed 

maximum N-uptake in shoot. The interaction effects viz., forms of I’ x levels of P, 

forms of P X inoculation, levels of P x inoculation and forms of I’ x levels of P x 

inoculation were found significant at this stage of crop growth. The treatment 

combination of 'biophos' plus 1(X) per cent RDP applied in the form of super 

phosphate showed the highest N-uptake in shoots (138.63 kg ha *) and was 

significantly higher than all other treatment combinations.

The N-uptake in seeds was found to be significantly higher in 

treatment receiving 'biophos' inoculation (43.54 kg ha’ ’) compared to P. striata 

inoculation (40.07 kg ha" )̂. P. striata also showed significantly higher N-uptake 

than uninoculated control (31.86 kg ha’ ’). Among the forms of P, super phosphate 

was found to be significantly superior (42.28 kg ha ’) over r(x;k phosphate (34.71 

kg ha’ ’) in enhancing the N-uptake in seeds. A significant increase in N-upiake in 

seeds was associated with increasing P-levels irrespective of the Ibrms of I’ and 

inoculation. Highest N-uptake was recorded at 100 per cent RDP (53.45 kg ha ’), 

followed by 75 and 50 per cent RDP (41.53 and 35.35 kg ha’ ’) and was least in no 

phosphorus control (23.64 kg ha"’). The interaction between forms of P and levels 

of P was significant. 100 per cent RDP applied as super phosphate showed highest 

N-uptake (57.49 kg ha’ ’) which was significantly superior over all other I’-form x 

P-level combinations. The interaction between levels of P and incx:ulations led to a 

significant increase in N-uptake where the combination of 100 per cent RDP plus
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'biophos' recorded the highest N-uptake (61.77 kg ha'*)- The interaction between 

forms of P, levels of P and inoculation was also significant where in the highest N- 

uptake was recorded in the combination of 'biophos' plus 100 per cent RDP applied 

in the form of super phosphate (67.32 kg ha'*) and was significantly superior over 

all other treatment combinations.

4.4.2 P-uptake

From the results presented in Table 12, it is dear that there was 

significant increase in P-uptake due to imx'ulation and P-applicaiion. At 30 DAS, 

the highest P-uptake in shoot among inoculation treatments was recorded with 

'biophos' (1.55 kg ha'*) which was significantly higher than that of /’. striata (1.39 

kg ha‘ *). P. striata also showed significantly higher P-uptake than uninoculated 

control (1.01 kg ha’ *). Among the forms of l\  super phosphate was found to be 

significantly superior over rock phosphate in enhancing P-uptake at 30 DAS. The 

P-uptake in sh(X)t was increased significantly with increasing P levels. Application 

of 100 per cent RDP showed (he highest P-uptake (1.74 kg ha ’), followed by 75 

per cent RDP (1.40 kg ha'*) and 50 per cent RDP (1.23 kg ha *) all of which 

differed significantly among themselves but superior over no phosphorus control 

(0.91 kg ha'*). The interaction between forms of P and levels of P was found to be 

significant. Super phosphate at 100 per cent RDP showed significantly more P- 

uptake (1.97 kg ha'*) compared to all other P-form x P-level combinations. The 

interaction between forms of P and inoculation was found to be significant with 

highest P-uptake being recorded with super phosphate application plus biophos'
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inoculation (1.79 kg ha‘ ^). The interaction between levels of P and inoculation was 

also found significant where in maximum P-uptake was recorded at 100 per cent 

RDP plus 'biophos' inoculation (1.92 kg ha'*), followed by 100 per cent RDP plus 

P. striata (1.78 kg ha'*) both of which were on par with each other but significantly 

superior over all other similar treatment combinations. The interaction between 

forms of P, levels of P and inoculation was found non-significant.

The trend in shoot P-uptake at 60 DAS was almost same as that 

observed at 30 DAS. Highest P-uptake was recorded with biophos' inoculation 

(12.65 kg ha"*) which was significantly higher than P. striata (11.76 kg ha‘ *). P. 

striata inoculation also showed significantly higher I’-uptakc than uninoculated 

control (9.65 kg ha'*). Super phosphate among P-forms and 100 per cent RDP 

among P-lcvels showed the highest P-uptakc. 'I'he interaction belween forms of I’ 

and levels of P, forms of P x inoculation, levels of P x inoculation and forms of P x 

levels of P x inoculation were found to be significant. The combination of biophos' 

plus 1(X) per cent RDP in the form of super phosphate showed the highest shoot P at 

60 DAS and was significantly superior over all other treatment combinations.

The P-uptake in seeds followed the same trend as that of shoot P- 

uptake at 30 and 60 DAS. 'Biophos' and P. striata imx;ulation recorded 

significantly higher P-uptake (8.39 and 7.62 kg ha'*, respectively) than uninoculated 

control (5.56 kg ha'*), although 'biophos' showed significantly higher I’-uptake than 

P. striata. Among the P-forms, super phosphate (8.55 kg ha'*) was found to be 

significantly superior over rock phosphate (5.82 kg ha'*) in enhancing the P-uptak
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in seeds. P-uplake was increased significantly with increasing P-levels and the 

maximum P-uptake was recorded at 100 per cent RDP (10.25 kg ha'*). The 

interaction between forms of P and levels of P was significant. 100 per cent RDP 

applied as super phosphate showed highest P-uptake in seeds (12.38 kg ha ') which 

was significantly superior over all other similar treatment combinations. The 

interaction between forms of P and inoculation was also significant. Maximum P- 

uptake in seed was recorded in treatment receiving super phosphate plus biophos' 

inoculation (9.95 kg ha'*) which was significantly superior over all other P-form x 

inoculation combinations. The interaction between levels of P and inoculation was 

also significant where in 1(X) per cent RDP plus 'biophos' showed maximum P- 

uptake (12.10 kg ha'*) in seeds and was significantly superior over all other P- 

level X inoculation combinations. The interaction between forms of P, levels of P 

and inoculation was however non-significant.

4.5 Rhizosphere microflora

The population of total bacteria, fungi and aciinomycetes in the 

rhizosphere of sunflower was estimated at 60 days of crop growth whereas the 

population of P-solubilizers and free-living N2 fixers was estimated at 30, 60 and 90 

days of crop growth. The results are presented in Table 13, 14 and 15.

4.5.1 Bactcria

The data presented in the Table 13 indicated that the forms and levels 

of P as well as inoculation significantly infiuenced the bacterial population in the 

rhizosphere. Among the inoculation treatments, 'biophos' inoculation showed the
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highest bacterial population (86.68 x 10  ̂ g'*) followed by P. striata (86.51 x 

10^ g"*) both of which were significantly superior over the uniiuKulated control

r I
(83.90 X 10” g '‘). Among the forms of phosphorus, super phosphate application 

showed significantly higher bacterial population (86.68 10^ g ’) than that of rock 

phosphate (84.71 10  ̂ g'^). The levels of phosphorus, irrespective of the forms of 

P, also showed a significant influence on the bacterial population in rhizosphere. 

Among the P-levels, 1(X) per cent RDP recorded the highest bacterial population 

(89.37 10  ̂ g'*) which was however on par with 75 per cent RDP (87.57 10 )̂ but 

significantly superior over 50 per cent RDP (85.78 10  ̂ g'*) and no phosphorus 

control (80.07 10  ̂g'^). Application of phosphorus at 75 per ccnt RDP and 50 per 

cent RDP showed significantly higher bacterial population than no P control but 

were on par among themselves. The interaction effects were found to be non­

significant.

4.5.2 I'ungi

The population of fungi, among inoculation treatmenls, was highest in 

'biophos' inoculation (34.88 Kp g"’), followed by P. striata (33.67 x 10̂  g ’ ), 

both of which were significantly superior over the uninoculated control (31.56 x 10̂  

g'*) but on par with each other. Among the forms of P, super phosphate application 

(34.45 X 10  ̂ g’^) was found to be significantly superior over the rock phosphate 

application (32.29 x 10̂  g’*) in stimulating rhizosphere fungal population. 

Maximum population of fungi, among the P-levels was recorded at 100 per cent 

RDP (35.20 X 10̂  g'*), followed by 75 per cent RDP (34.08 x 10'̂  g *), both of
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which were significantly superior over the unimKulated control (31.82 x l(P g'*). 

However, fungal population did not differ significantly between the treatments 

receiving 50 per cent RDP and no phosphorus control as well as between 50 per cent 

RDP and 75 per cent RDP. The interactions were found to be non significant.

4.5.3 Actinomycetes

The rhizosphere of plants inoculated with 'biophos' harboured the 

highest actinomycete population (42.16 x 10^ g'*), followed by P. striata (40.75 x 

10^ g“b both of which were significantly superior over the uninoculated control 

(37.47 X 10^ g'*). Super phosphate application stimulated the actinomycete 

population in the rhizosphere significantly (41.08 x 10^ g‘*) over rock phosphate 

application (39.17 x 10^ g'*). Maximum population of actinomycetes among P- 

levels was recorded at 100 per cent RDP (44.40 x 10^ g'*), followed by 75 per cent 

RDP (40.86 x 10^ g'b both of which were significantly superior over 50 per cent 

RDP (38.32 X 10^ g‘^) and no phosphorus control (36.91 x 10^ g'*). The 

interactions failed to show significant effect on actinomycetes population.

5.4.4 Free-living nitrogen fixers

The population of free-living N2 fixers in the rhizosphere recorded at 

different growth stages of sunflower are presented in Table 14. Among the 

inoculation treatments, the population of free-living N2 fixers al 30 DAS was 

highest in treatment receiving 'biophos' (24.01 x 10^ g'*) wliicii was significantly 

superior over P. striata {2\.56 x \Q̂  and uninoculated control (18.48 x 10^ 

g‘^). However, P. striata was significantly superior over uninoculated control.
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Application of P in the form of super phosphate stimulated the free-living N2 fixers 

(21.95 X 10^ g'^) significantly over rock phosphate (21.22 x 10^ g ’). Population 

of free-living N2 fixers was also increased significantly with increase in P-levels. 

Highest population was recorded at 1(X) per cent RDP (25.32 x 10^ g *), followed 

by 75 per cent RDP (23.67 x 10^ g '^  and 50 per cent RDP (20.39 x 10^ g *) and 

was least in no phosphorus control (17.22 x 1(P g'^). The interaction between 

forms and levels of P was found to be significant. Super phospiiaie applied at 100 

per cent RDP recorded the highest population (26.25 x 10^ g’ *) which was 

significantly higher than all other P form and P level combinations. I'he interaction 

between inoculation and levels of P was also found to be significant wherein 

phosphorus at 1(X) per cent RDP plus 'biophos' recorded the highest population 

(27.72 X 10^ g'b followed by 75 per cent RDP plus 'biophos' (27.55 x 10^ g'*) 

both of which were on par with each other but significantly superior over all other 

similar combinations. The interaction between inoculation, forms of P and levels of 

P revealed that super phosphate applied at 100 per cent RDP in combination with 

'biophos' inoculation showed the highest population of free-living N9 fixers (28.98 

X 10^ g‘ ‘) and was significantly superior over all other combinations.

Although there was a general increase in the population of free-living 

N2 fixers in the rhizosphere at 60 DAS compared to 30 DAS, the trend in 

population with respect to inoculation, P-forms and P-levels was almost same. 

'Biophos' inoculation (28.22 x 10^ g’^) was significantly superior over P. striata 

inoculation (26.75 x 10^ g‘ *) and both were significantly superior over uninoculated
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Table 14. Population of free-living nitrogen fixers (Ho. i 10^ g'^) in sunflower rhizosphere as influenced by P-solubilizing biofertilizers andf o m s  and levels of phosphorus at different growth stages

Foris of P P-levels
(UDP)

30 DAS 60 DAS At harvest
UIC 'biophos' P.Striata Mean nic 'biophos' P.striata Mean m e 'biophos' P.striata Mean

Super phosphate 0
50
75

100

15.12
19.53
20.15
23.31

18.90
24.07
25.20
28.98

17.64
22.05
22.05 
26.46

17.2221.88
22.46
26.25

18.25
24.25 
25.99 
27.68

24.73
28.25
31.64
32.27

23.16
26.55
29.94
32.20

22.04
26.35
29.19
30.72

19.50 21,00 21.00
22.50

21.50 
22.00
24.50 
28.00

20.50 
22.00
23.50
28.50

20.5021.66
23.00
26.33

Mean 19.52 24.28 22.05 21.95 24.04 29.22 27.96 27.07 21.30 24.00 23.62 22.87
Rock phosphate 0

50
75

100

15.12
17.64
18.84
22.18

18.90 
20.79
29.91 
26.46

17.64
18.27
25.83
24.57

17.22
18.90
24.87
24.40

18.25
20.34
23.10
25.42

24.73
25.99
27.70
30.51

23.16
24.23
25.99
28.25

22.04
23.52
25.59
28.06

19.50 
19.00
20.50
22.50

21.50 
20.00
22.50
23.50

20.50
21.50 
22.00 
22.00

20.50
20.1621.6622.66

Mean 18.92 22.57 22.17 21.22 21.77 27.23 25.53 24.84 20.37 21.62 21.50 21.16
Mean 18.48 24.01 21.56 21.34 22.91 28.22 26.75 25.96 23.63 22.B1 22.56 22.02

Two way table for interaction between inoculation Means for levels of phosphorus
a u u  i c v c i d  U i  r  u n j i

60 DAS ^  ^  A «  ►

4RDP OIC 'biophos' P.Striata Mean
AL

_ T A TT A 1 ft 7? 1 n n 0 50 100
0 15.12 

50 18.53 
75 19.52 

100 22.74

18.90
22.43
27.55
27.72

17.54
20.16
23.94
25.51

17.22
20.39
23.67
25.32

f  i w ' f Z l O  u j U / 3 l U U / J
Mean 22.04 24.93 27.39 29.39 20.50 20.9][ 22.33 24.50

Sources SEui CD (0.05j SEai ClD (0.05) SSoi CD (0.05j
F o m s  of ?(A)
Levels of ? (B)
Inoculation (C)
AxB
AxC
BxC
AxBxC

0.130
0.183
0.159
0.259
0.224
0.317
0.449

0.379
0.536
0.464
0.758
NS

0.928
1.313

0.371
0.525
0.455
0.742
0.643
0.909
1.286

1.086
1.536
1.330
NS
NS
NS
NS

0.262
0.370
0.321
0.523
0.453
0.641
0.907

0.766
1.083
0.938
1.531
NS
NS
NS

(79
r o

RDP = Recoiiended dose of phosphorus, DIC = Uninoculated control, HS = Mon-significant, DAS = Days after sowing



control (22.91 x 10^ g"*). Among the forms of P, super phosphate (27.07 x 10^ 

g‘ ^) was found to be significantly superior over the rock phosphate (24.84 x 10^ 

g"*). At this stage of plant growth also, the population of free-living N2 fixers was 

increased significantly with increasing P-level and was highest at 100 per cent RDP. 

However, none of the interactions were found significant at this stage.

There was a general reduction in the population of free-living N2 

fixers in the rhizosphere at harvesting stage as compared to 60 DAS. However, the 

trend in population as influenced by inoculation, P-forms and P-levels was almost 

same. 'Biophos' and P. striata inoculation showed significantly higher population 

of N2 fixers over uninoculated control although the two biofertili/ers were on par 

with each other. Super phosphate among the I’-forms and 100 per cent RDP among 

P-levels showed highest population of free-living N2-fixers in the rhizosphere. The 

interaction between forms and levels of P was significant at this stage. Super 

phosphate applied at 100 per cent RDP recorded the highest population and was 

significantly higher than all other similar treatment combinations. All other 

interactions were found to be non-significant.

4.5.6  Phosphate solubilizers

The data presented in Table 15 clearly indicated that the population of 

P-solubilizers in the rhizosphere was significantly influenced by in(x:ulation, forms 

of phosphorus and levels of phosphorus at different stages of crop growth. At 30 

DAS, P. striata among inoculation treatments showed the highest population 

(26.34 x 10^ g’ *) which was however on par with 'biophos' imKulation (25.98 x 

10^ g‘ ^) but both were significantly superior over uninoculated control (23.70 x 10^
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g'^). No significant differences in the population of P-solubilizers was noticed due 

to forms of phosphorus. However, the population of P-solubilizers was found to 

increase significantly with increase in P-levels. Application of P at 100 per cent 

RDP recorded the highest population (30.21 x 10^ g''), followed by 75 per cent 

RDP (26.56 X 10^ g‘ *) and 50 per cent RDP (24.02 x 10^ g'^) all of which differed 

significantly among themselves but were significantly superior over no phosphorus 

control (20.58 x 10^ g'')- The interaction between forms and levels of P was found 

to be significant. Rock phosphate application at 1(X) per cent RDP recorded the 

highest population (30.40 x 10^ g'^), followed by super phosphate applied at 1(X) 

per cent RDP (30.03 x 10^ g‘*) both of which were on par with each other, but 

significantly superior over all other P-form x P-level combinations. The interaction 

between inoculation and levels of P was found to be significant wherein the 

combination of P. striata plus 100 per cent RDP followed by 'biophos' plus l(X) per 

cent RDP recorded maximum population (31.74 x and 30.87 x 10^ g '^  

respectively) both of which were significantly superior over all other similar 

combinations. The interaction between inoculation, forms of P and levels of P was 

also found to be significant. The combination of P. striata plus l(K) per cent RDP 

as super phosphate or rock phosphate showed maximum population of P- 

solubilizers.

At 60 days of crop growth, an exactly similar trend in the population 

of P-solubilizers was noticed as that of 30 DAS, although there was a general 

increase in the population at 60 DAS. P. striata and 'biophos' inoculation showed 

significantly higher population of P-solubilizers over uninoculated control where as
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Table 15. Population of phosphate solubilizing licroorganisas (No. i 10^ g'^)and levels of phosphorus at different growth stages in sunflower rhizosphere as influenced by P-solubilizers, and foris

?oris of P P-levels
(UDP]

30 DAS 60 DAS At harvest
nic 'biophos'’ P.striata Mean die 'biophos' P.striata Mean OIC 'biophos ' P.striata Mean

Super phosphate 0 19.53 20.16 22.05 20.58 23.74 28.25 24.99 25.66 17.00 20.00 22.00 19.66
50 22.05 23.31 22.57 22.64 29.94 35.03 36.72 33.90 21.00 23.50 25.50 23.33
75 23.31 23.35 29.61 27.09 31.64 33.90 37.85 34.46 22.00 26.00 27.50 25.16

100 27.09 30.87 32.13 30.03 32.77 39.55 41.24 37.85 25.00 30.50 32.50 29.33
Hean 22.99 25.67 26.59 25.08 29.52 34.18 35.20 32.97 21.25 25.00 26.87 24.37

Rock phosphate 0 19.53 20.16 22.05 20.58 23.^4 28.25 24,99 25.66 17.00 20.00 22.00 19.66
50 23.34 25.20 27.09 25.41 31.64 36.72 37.48 35.28 25.00 27.00 28.50 26.83
75 25.20 28.98 23.94 26.04 30.51 40.11 42.37 37.66 26.00 29.50 31.50 29.00

100 28.98 30.87 31.35 30.40 38.98 42.44 45.76 42.39 28.00 33.00 34.50 31.83
Mean 24.41 26.30 26.10 25.60 31.21 36.88 37.65 35.25 24.00 27.37 29.12 26.83

yeaa 23.70 25.98 26.34 25.34 30.37 35.53 36.42 34.11 42.62 26.18 28.00 25.00

Two way table for interaction between inoculation and levels of ?

P level 
(IRDPl

30 DAS 60 DAS
arc 'biophos' P.striata Mean OIC 'biophos' ?.;:riata Mean

0 19.53 20.16 22.05 20.58 23.74 28.25 24.99 25.65
50 22.99 24.25 24.83 24.02 30.79 35.87 37.10 34.59
75 24.2: 28.66 :5,-" 26.56 31.07 •7.00 43.11 36.06

100 28.53 30.87 31.'4 30.21 35.87 40.99 43.50 40.i;

Means for levels ot phosphorus 
At harvest

P-levels 0 50 75 100
Mean 19.66 25.08 27.08 30.58

Sources SB(Ht CD (0.05) SEat :D (0.05) S Bat CD (0.05)
?oras of P(A) 0.218 NS 0.29" 0.868 0.483 1.427
Levels of P (B) 0.308 0.901 0.420 1.228 0.690 2.018
Inoculation (C) 0.267 0.780 0.363 1.063 0.59T 1.748
iiS 0.435 1.274 0,593 1.736 0.975 NS
AlC 0.377 NS 0,514 NS 0.845 NS O )
BiC 0.533 1.560 0.727 2.127 1.195 NS c ; .
AxBiC 0,754 2.206 1.028 3.007 1.690 NS
.ICP - Jecomiended dose of phosphorus, OIC = Oninoculated control, NS = Hon-significant, DAS = Days after sowing



rock phosphate application was significantly superior over super phosphate 

application. Among the P-levels, highest population by P solubilizers was recorded 

in the treatment receiving 100 per cent RDP (40.12 x 10^ g’ *), lollowed by 75 and 

50 per cent RDP (36.06 and 34.59 x 10^ g'*, respectively) and no phosphorus

O -1
control (25.65 x 10 g ) all of which differed significantly among themselves. The 

interaction between forms and levels of P, inoculation and levels of P as well as 

inoculation x forms of P x levels of P were found to be significant at this stage of 

crop growth also. P. striata inoculation in combination with application of rock 

phosphate at 100 per cent RDP recorded the highest population of P-solubilizers 

which was significant over all other treatment combinations.

The trend in population of P-solubilizers at harvest was almost same 

as that of 30 and 60 days of crop growth but there was a general decrease in the 

population at harvest as compared to 60 DAS. At harvest, /^ striata imx̂ ulation 

showed significantly higher population over 'biophos' where as biophos' was 

significantly superior over uninoculated control. Similarly, r(x;k phosphate among 

the P-forms and 1(X) per cent RDP among P-levels showed the highest population of 

P-solubilizers. However, the interaction effects between P-forms and P-levels, P- 

forms X inoculation, P-levels x inoculation and P-forms x P-levels x inoculation 

were non-significant at harvest.

4.6  Available phosphorus content in soil

Available P content in soil as influenced by various treatments at 

different stages of crop growth are presented in Table 16. At 30 DAS, the highest 

available phosphorus in soil among the inoculation treatments was recorded in
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'biophos' (21.92 kg ha'*), followed by P. striata (20.59 kg ha'*), both of which 

were significantly superior over uninoculated control (18.94 kg ha'*). However, 

'biophos' was significantly superior over P. striata. Among the forms of P, super 

phosphate receiving treatments showed significantly higher available phosphorus in 

soil (23.86 kg ha'*) than rock phosphate receiving treatments (17.11 kg ha'*). A 

significant increase in available phosphorus content of soil was associated with 

increasing P-level. Among the P-levels, maximum soil available phosphorus was 

recorded in the treatment receiving 100 per cent RDP (24.22 kg ha'*) followed by 

75 per cent RDP (21.77 kg ha'*) and 50 per cent RDP (20.20 kg ha'*). Least 

available P was recorded in no phosphorus control (15.74 kg ha'*). The interaction 

between forms of P and levels of P was found to be significant where in the highest 

available phosphorus in soil was recorded in treatment receiving 1(X) per cent RDP 

applied as super phosphate (28.89 kg ha'*) which was significantly superior over all 

other P-form x P-level combinations. The interaction between levels of P and 

inoculation was also found significant. Treatment combination of 100 per cent RDP 

plus 'biophos' showed the highest available P (26.08 kg ha"*) which was 

significantly superior over other combinations of P-levcl x inoculation. Interaction 

between forms of phosphorus, levels of P and inoculation was also found significant 

where the maximum available phosphorus in soil was recorded in combination of 

'biophos' plus 100 per cent RDP as super phosphate (30.68 kg ha'*), followed by 

P.striata plus 100 per ccnt RDP as super phosphate (29.74 kj;, h;r*) both of which 

were on par with each other but significantly superior over all other treatment 

combinations.
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An almost similar trend in soil available phosphorus was noticed at 60 

DAS. 'Biophos', among the imx:ulalion (reatmenls, showed highest available 

phosphorus (22.34 kg ha'^) which was significantly superior over P. striata 

inoculation (21.79 kg ha'*). P. striata was also significantly superior over 

uninoculated control. Super phosphate among P-forms and 100 per cent RDP 

among P-levels showed the highest available phosphorus. The interaction between 

forms of P and levels of P, forms of P x inoculation, levels of P x inoculation and 

forms of P X levels of P x inoculation were found to be significant. Among all the 

treatment combinations, the highest available phosphorus was recorded in the 

treatment receiving 'biophos* plus 1(K) per ccnt F̂ DP in the form of super phosphate 

(28.00 kg ha‘*) which was significantly superior over all other combinations.

At harvest, 'biophos' among inoculation treatments and 100 per cent 

RDP among P-levels recorded maximum available P in soil which were significant 

over the respective other inoculations and P-levels. However, no significant 

differences were found between the forms of P with respect to available P in soil at 

this stage. The interaction between forms of P x levels of P, forms of P x 

inoculation, levels of P x inoculation were found to be significant and the trend in 

available phosphorus was same as that of previous samplings. However, the 

interaction between forms of P x levels of P x inoculation was found non-significant 

at harvest.
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DISCUSSION



V. DISCUSSION

The modern agriculture has been heavily dependent on chemical 

fertilizers to meet the food demands of ever increasing population. The population 

pressure has also led to fast depletion of fossil fuel resources with concomitant 

increase in the prices of chemical fertilizers. On the other hand, progressive 

depletion of major plant nutrients in soil due to intensive cultivation, has 

necessitated the use of higher doses of chemical fertilizers particularly in tropical 

soils where the organic matter content is very low. But the continuous use of heavy 

doses of chemical fertilizers may lead to environmental pollution. Hence, the 

current trend throughout the world is to explore the possibility of using alternate 

nutrient sources or increasing the efficiency of chemical fertilizers by supplementing 

them with organic fertilizers and microbial inoculants.

The supply of nutrients to plants through microorganisms, which play 

a major role in biological nitrogen fixation, phosphorus solubilization, 

mineralization and mineral transformations, has gained lot of importance. The 

biofertilizers containing phosphate solubilizing microorganisms benefit the 

agricultural production through enhanced nutrient supply, specially Ihe phosphorus. 

Inoculation with P-solubilizing biofertilizers has shown to increase the P-uptake and 

yield of several crop plants (Gaur et al., 1980; Anthoniraj et al., 1994; Jisha and 

Alagawadi, 1996). Further, combined use of chemical fertilizers and biofertilizers



has been considered as a workable technology in the recent years (Gaur and 

Alagawadi, 1987; Alagawadi and Gaur, 1988; Prathibha, 1993). In this context, it 

was thought appropriate to investigate on the performance of two phosphate 

solubilizing biofertilizers in conjunction with different forms and levels of 

phosphorus in an important oilseed crop, sunflower. The results obtained in the 

investigation are discussed in this chapter.

5.1 Plant growth parameters

The plant growth parameters like height, number of leaves and dry 

matter yield of sunflower in the present investigation were significantly increased 

due to incKulation with 'biophos' or /'. striata as compared to uiiint)culatcd control. 

Application of phosphorus in the form of super phosphate or r(x;k phosphate in 

combination with ‘biophos’ or P. striata inoculation further enhanced the plant 

growth parameters significantly over incKulation alone or phosphorus alone. 

Increase in the height of several crop plants due to inoculation of phosphate 

solubilizing microorganisms has been reported by several workers (Barea el al., 

1976; Patil, 1990; Jones and Sreenivasa, 1993). increased cell elongation and 

multiplication due to enhanced nutrient uptake by plants (Black, 1968) following 

inoculation of phosphate solubilizing biofertilizers or application of phosphatic 

fertilizers probably has caused the increased plant height, it can also be attributed to 

the production of plant growth promoting substances in the vicinity of roots by the 

inoculated biofertilizers as many P-soIubilizers are known to produce lAA, GA and 

Cytokinin like substances (Sattar and Gaur, 1987), whose role in shoot and rcx)t
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elongation as well as plant growth is well established (Brown, 1972, 1974 and 

1975).

The results of increased number of leaves per plant due to inoculation 

with 'biophos' or P. striata and their combination with P-fertili/ers are in agreement 

with results of Jones (1992) who also observed increased number of leaves in 

sunflower plants due to inoculation with P. striata and P-fertilizer application.

The investigation also revealed a significant increa.se in the dry matter 

production in sunflower plants due to 'biophos' and P. striata inoculation either 

alone or in combination with phosphatic fertilizers (Fig. 2). The increased dry 

matter accumulation due to inoculation and l’-fertili/,er application can be attributed 

to increased plant height and number of leaves per plant which are the main 

contributing factors for plant biomass. Since the available P content in soil was 

enhanced due to inoculation with biofertilizers (Table 16), there was better uptake of 

P by the crop (Table 12) which ultimately led to better growth and dry matter 

accumulation in the present investigation. Similar increase in the dry matter yield of 

sunflower (Jones and Sreenivasa, 1993) and other crops (Sharma et al., 1983; El- 

Din and Baber, 1983; Alagawadi and Gaur, 1988; Prabhakar and Saraf, 1990) due 

to inoculation with P-solubilizers have been reported earlier and were attributed to 

the production of growth promoting substances in addition to P-solubilization by 

these organisms.

It was also observed that, among the two biofertilizers, 'biophos' was 

more efficient in enhancing the plant growth and dry matter yield than P. striata.
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The observed differences between the two biofertilizers may be ascribed to their 

differential intrinsic ability to solubilize insoluble phosphorus (Banik and Dey, 

1983). The phosphate solubilization is linked to the organic acid prvxiuction by the 

organism and the amount of P-solubilized is dependent on the quantity and nature of 

organic acids prtxluced (Bardiya, 1970). Hence it is probable that the biophos' 

contained organism(s) which are more efficient P-solubilizers as evidenced by 

increased available P-content in soil and P-uptake in plants (Table 12).

5.2 Days to 50 per cent flowering

In addition to improving the plant growth and dry matter yield, 

'biophos' and /’. slriaia iiKx:ulation led to early flowering of sunllower crop in the 

present study (Table 7). Inoculation in combination with application of P-fertilizers, 

particularly super phosphate has further rcduced the days to 50 per cent flowering 

indicating that the increased phosphorus availability induced the early maturity of 

crop. This lend support to the long-held view that phosphorus hastens the plant 

maturity (Nelson and Tisdale, 1968). Similar observations on early flowering of 

sunflower plants due to inoculation with P-solubilizing biofertilizers have been made 

earlier (Jones, 1992; Ravishankar, 1993).

5.3 Yield and yield components

Early maturity of the crop was also coupled with significant increase 

in yield attributing parameters like head size, head weight, number of seeds per 

head, seed yield per plant and thousand seed weight due to 'biophos' and P. striata 

inoculation and P-fertilizer application over respective controls. Inoculation in
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combination with P-fertilizer application further enhanced the yield attributing 

parameters significantly over inoculation alone or P-fertilizer alone. The inoculated 

organisms enhanced the P-availability in the rhizosphere (Fable 16) with a 

concomitant increase in P-uptake by tlie crop (Table 12) which lead to increased dry 

matter accumulation and subsequently the yield parameters. Besides increasing the 

P-availability to the crop, the P-solubilizing organisms are also known to produce 

growth promoting substances (Sattar and Gaur, 1987) which might also have 

contributed to the increased yield parameters. Increase in the head size, head 

weight, seed yield per plant in sunflower (Jones and Sreenivasa, 1993) and other 

crops like cotton (Prathibha, 1993) and sorghum (Jisha, 1993) due to inoculation 

with P-solubilizing organisms have been reported earlier which draw support from 

the results of present investigation.

The results also revealed a significant increase in ihc seed yield of 

sunflower (Fig. 3) due to inoculation of 'biophos' and P. striata as well as P- 

fertilizers. Seed yield is the manifestation of yield attributing characters like size of 

the head, weight of the head, number of seeds per head, seed yield per plant and 

thousand seed weight. Hencc, a significant increase in all these characters due to 

inoculation and/or P-fertilizer application has led to significant increase in seed yield 

per hectare. The inoculated organisms established well in the rhizosphere as 

evidenced by their higher population in rhizosphere (Fig. 6) thereby released higher 

amounts of available phosphorus (Table 16) in the vicinity of root zone to enable the 

plants to take up more P (Table 12). The increased P-uptake by the crop must have
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led to increased dry matter and seed yield. Similar increase in the yield of 

sunflower and other crops due to imx;ula(ion with P-solubilizers have been reported 

by several workers (Gaur, 1985; Alagawadi and Gaur, 1988 and 1992; Jones, 1993; 

Ravishankar, 1993; Prathiblia, 1993). I'lie seed yield of sunflower in the

inoculation treatments was further enhanced with the application of phosphorus, 

especially in the form of super phosphate, at l(X) per cent recommended dose. I’his 

clearly indicates that besides releasing P from rock phosphate, the inoculated 

organisms increased the use efficiency of super phosphate. This is further confirmed 

by the fact that 'biophos' or P. striata inoculation in combination with SSP at 75 per 

cent RDP or MRP at 100 per cent RDP produced higher or same yield as that of 

standard practice of applying 100 per cent RDP in the form of super phosphate. 

These results clearly indicated the possibility of saving 25 per cent P-fertilizer in the 

form of super phosphate or replacing entire super phosphate with rock phosphate 

when the crop is inoculated with these two biofertilizers. Similar conclusions were 

also made earlier by various workers working on P-solubilizing biofertilizers in 

different crops (Gaur et al., 1980; Shinde and Patil, 1985; Alagawadi and Gaur, 

1988 and 1992; Jones and Sreenivasa, 1993).

S.4 Nutrient uptake

The growth and yield of crop plants are determined by the presence of 

sufficient quantities of nutrients in available form for plant uptake (Babannavar, 

1990). The higher yield of sunflower in the present study due to inoculation with P- 

solubilizers and application of P-fertilizers can be assigned to increased nutrient
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availability and their uptake by the crop ( Fable 11 and 12). Inoculation of biophos' 

or P. striata in combination with P-fertilizer had significant influence on N-uptake 

by plants (Table 11 and Fig. 4). The increase in N-uptake due to inoculation or P- 

fertilization can be ascribed to increased P-availability to the crop. Phosphorus is 

known to increase the root growth and proliferation (Nelson and Tisdale, 1968) 

thereby creating more absorptive area for uptake of other nutrients specially the N. 

Mohod et al. (1991) also observed significant increase in N-uptake of rice due to 

inoculation with P. striata or B. polymyxa which gain support from the results of 

present investigation. The increased N-uptake by the crop in the present 

investigation due to inoculation with P-solubilizing biofertilizers may also be 

attributed to increased population of free-living N2-fixers (Table 14) as well as other 

organisms (Table 13) in rhizosphere which in turn probably increased the uptake of 

nutrients by means of altering the root surface characteristics involved in nutrient 

uptake (Pacovsky et al., 1985).

The same argument may hold true for the observed increase in P- 

uptake by sunfiower crop due to 'biophos' or P. striata inoculation and/or 

application of P-fertilizers (Fig. 5). The inoculated organisms established well in 

the rhizosphere (Fig. 6), increased the available phosphorus in soil thereby 

increasing its uptake by the crop. These findings are in line with the results of 

Kundu and Gaur (1980), Maurya and Sanoria (1982), Rachewad et al. (1992), Jisha 

and Alagawadi (1996) who observed increased P-uptake in potato, chickpea, 

sunflower and sorghum crops respectively due to inoculation with P-solubilizing 

organisms.
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5.5 Available P content in soil

In the present study, available P-content in soil was significantly 

increased due to 'biophos' and P. striata inoculation in combination with P-fertilizer 

application (Fig. 7) which are in agreement with results of Asea ei ol. (1988), Salih 

et al. (1989) and Mohod et al. (1989). It was also observed that the available P in 

soil was higher in the initial stages of plant growth where super phosphate was used 

as P-source but was declined at harvest probably due to increased uptake by the crop 

which support the findings of Mandal and Khan (1972) and Marwaha et al., (1984). 

However with rock phosphate application, the available P-content in soil ih general 

was low at initial stages but increased at the later stages of crop growth.

5.6 Rhizosphere microflora

The results obtained in the present investigation also indicated a 

significant increase in the microbial population in the rhizosphere of sunflower due 

to inoculation and P-fertilizer application (Tables 13, 14 and 15). This may also be 

attributed to increased phosphorus availability to the soil biota due to inoculation 

with P-solubilizcrs and/or P-fertilizer 5\pplic:\tion. Significant increase in (he 

population of bacteria, fungi, actinomycetes and P-solubilizers due to inoculation 

with P-solubilizing biofertilizer and P-application has been recorded in sunflower 

(Jones and Sreenivasa, 1993) and other crops (Prathibha, 1993; Jisha, 1993). 

Among the various stages of plant growth examined, population of P-solubilizers 

and free-living N2'fixers were maximum at 60 DAS and declined at harvest. It is 

likely that the amount of root exudates were higher at 60 DAS and decreased
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thereafter causing a decline in microbial population at harvest. When the plant 

enters into reproductive phase, most of the energy and photosynthates are directed 

towards the development of reproductive parts and release less of root exudates. 

The observed variations in the rhizosphere population of P-solubilizers and N2- 

fixers due to plant age agree with the earlier findings of Rovira and Davey (1974) 

and Neelkanthan and Rangaswami (1965). Rovira (1965) and Peterson (1958) have 

also opined that the host plant and its growth stages are important in determining the 

rhizosphere microflora.

From the investigation, it can be concluded that biophos' and P. 

striata as P-solubilizing biofertilizers can play an important role in the P-nutrition of 

sunflower. The two biofertilizers performed better in the presence of added P- 

fertilizers. Inoculation in combination with application of 75 per cent RDP in the 

form of super phosphate can give same or higher yield than that of the standard 

practice of applying 100 per cent RDP in the form of super phosphate, or 

inoculation in combination with 100 per cent RDP in the form of rock phosphate can 

give same yield as that of 1(X) per cent RDP in the form of super phosphate 

indicating the possibility of reducing the input cost on P-fertilizer.
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NUMMARY



The production of chemical fertilizer is based on non-renewable and 

constantly depleting petroleum based feed stocks. The fast depletion of fossil fuel 

resources, increasing costs of chemical fertilizers and the environmental pollution 

caused by them, have called for more attention to use of biofertilizers in 

combination with chemical fertilizers. Taking into consideration the above factors, 

a field experiment was conducted at the Main Research Station, UAS, Dharwad on 

vertisols under rainfed condition during kharif season of 1995, to study the 

performance of P-solubilizing biofertilizers in combination with different forms and 

levels of P on growth, yield, nutrient uptake of sunflower and available P content in 

soil as well as rhizosphere microbial population.

The results revealed that 'biophos' or P. striata inoculation increased 

the plant height, number of leaves per plant and dry matter yield in sunflower 

significantly over uninoculated control. Application of phosphorus in addition to 

inoculation with P-solubilizing biofertilizers further enhanced all the above plant 

growth parameters significantly over no phosphorus control. Among the forms of 

phosphorus, super phosphate application had greater impact on plant growth 

parameters than rock phosphate. Application of phosphorus at 100 per cent 

recommended dose had maximum influence on all the plant growth parameters 

compared to other levels of phosphorus. Among the various treatment

combinations, 'biophos' inoculation in combination with application of 100 per cent
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RDP in the form of super phosphate followed by a similar combination of P. striata 

showed the best results.

The inoculation of P-solubilizing biofertilizers also resulted in an 

early flowering of the sunflower crop. 'Biophos', among the two biofertilizers 

recorded significantly less number of days for 50 per cent flowering than P. striata. 

Super phosphate among the P-forms, and 100 per cent RDI* among P-levels 

significantly reduced the number of days to 50 per cent flowering. Phosphorus 

applied at 100 per cent RDP in the form of super phosphate in combination with 

'biophos' inoculation recorded the least number of days to 50 per cent flowering 

although the results were statistically non significant.

The yield parameters viz., size of the head, weight of the head, 

number of filled seeds per head, seed yield per plant and thousand seed weight were 

increased significantly due to 'biophos' or P. striata inoculation compared to 

uninoculated control. All the yield parameters in inoculated treatments were further 

augmented due to application of phosphorus. wSuper phosphate was found to be 

significantly superior over rock phosphate in increasing all the yield parameters. 

Irrespective of the form in which P was applied, increasing level of P application 

significantly influenced the yield components. Among the various treatment 

combinations, 'biophos' plus super phosphate applied at 100 per cent RDP followed 

by a similar combination with P. striata performed best in increasing various yield 

parameters.

8 0



The results on seed yield per hectare indicated that 'biophos' as well 

as P. striata enhanced the seed yield significantly over uninoculatcd control. Super 

phosphate among the P-forms and 100 per cent RDP among P-levels showed 

maximum seed yield and the interaction between P-form and P-levels had significant 

influence on seed yield. Although the interaction between inoculation, P-forms and 

P-levels were non-significant, 'biophos' or P. striata in combination with super 

phosphate application at 100 per cent RDP recorded the highest yield. Application 

of super phosphate at 75 per cent RDP in combination with 'biophos' or P. striata 

recorded higher yield than application of super phosphate at 100 per cent RDP. 

Similarly, rock phosphate application at 100 per cent RDP along with 'biophos' or 

P. striata inoculation gave same yield as that of super phosphate applied at 1(X) per 

cent RDP. An almost same trend was also noticed with stalk yield.

The N and P uptake by sunflower crop was enhanced due to biophos' 

or P. striata inoculation which was further augmented significantly in the presence 

of added phosphatic fertilizers. Oncc again the combination of biophos' plus super 

phosphate applied at 100 per cent RDP followed by P. striata with similar 

combination showed highest N and P-uptake at all the stages of plant growth as well 

as in seeds.

A significant increase in available phosphorus content in soil was 

noticed due to inoculation of 'biophos' or P. striata at all the stages of plant growth. 

Inoculation with 'biophos' or P. striata in combination with P-fertilizer application 

further increased the available phosphorus content in soil. The available P content
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of soil in the initial stages of crop growth was higher wherever P was applied in the 

form of super phosphate but in case of rock phosphate, the available P content in 

soil was low initially but increased at later stages of crop growth in inoculation 

treatments.

The microbial population in sunflower rhizosphere soil was enhanced 

due to inoculation of 'biophos' or P. striata. The highest population of bacteria, 

fungi, actinomycetes and free-living N2-fixers was seen in the treatment receiving 

'biophos' inoculation than P. striata. However, inoculation of P. striata showed 

higher counts of P-solubilizers than 'biophos'. The rhizosphere population increased 

with increase in the levels of P in both the forms, but super phosphate stimulated the 

rhizoshpere population to a greater extent than rock phosphate. P-solubilizers and 

free-living N2-fixers were increased upto 60 days after sowing and later a decline in 

their population was noticed.

From the studies it was clear that the inoculated organisms established 

well in the rhizosphere and enhanced the available P-content in soil (and also other 

nutrients probably) thereby increasing N and P uptake by plants. Increased nutrient 

uptake enhanced the growth and yield of sunflower crop.
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Appendix 1. Monthly m eteo ro log ica l  data f o r  the year  1995 and average o f  44 years  (1950-1994; 
recorded at the m eteoro log ica l  observato ry  of  the a g r i c u l t u r a l

Months

Temperature

R a in f a l l Mean max. Mean min

1995 1950-94 1995 1950-94 1995 1950-94

Mean RH%

1995 1950-94

January

Febnaary

March

A p r i l

May

June

July

August

September

October

November

December

5.20 

0.00 
0.00 

2 0 . 60 

56 . 60

143.40

184.40 

50 .50

121.60

0.00

0 . 00 
0.00 
7.0 

50 . 0 

90 . 0 

112 . 0 

158 . 0 

102 . 0 

105 . 0

127.50 237.0

81.00 34.0

6.0

27 .70

32 .60

35.1 

36 .8

33 .8

31.4

27.1

28.1

28 .3

29 . 3 

29 . 1

29.4

29 .17

34 .92

35 .79 

36.16 

36.84 

29.94

27 .06 

27.14

28 . 75

30 .24 

29.38 

29.19

13 .70 

16.70 

19.10

21.30

21.30 

22 .10 

21.00 

20 .70 

20 . 60 

20 .20 

15 .20 

13 .50

14 . 64 

15.63

18 .73 

21 .43 

21 .47 

21.20 
20 .97 

20 .65 

20 .17

19 . 19 

16 .26 

13 .31

83 .00 

73 .00 

68  . 0  

66 .0 

68  . 0

75.0

87.0 

86 .0 

82 .0 

80 .0

81.0 

77 .0

61 . 85 

55 .08 

55 . 97 

60 .20 

67 .24

82 .13 

88 .43 

86 . 64

83 .31 

75 .88 

67 .63 

63 .70

Mean 790.00 801.00



Appendix II. Composition of media used

S o i l  e x t ra c t  agar  (A l len .  1959)

Glucose
K2HPO4
S o i l  e x t rac t  
Agar
D i s t i l l e d  water  
pH

1 .00  g 
0.50 g 
100 ml
15.00 g 
90 0 ml
7 . 0

M a r t in ' s  rose  benga l  agar  (Martin. 1950]

Dextrose
Peptone
K2HPO4
MgSO^ . 7H2O 
Rose bengal  
Agar
D i s t i l l e d  water  
pH

10 .00  g
5 .00 g
1.00  g
0.50 g
0.03 per  cent
15.00 g 
1000 ml
6 . 0

Note : Just b e fo re  p l a t in g ,  the medium was 
mixed with  3ml o f  1% streptomycin su lphate  
so lu t io n  per  l i t r e  o f  media

K u s te r ' s  agar  (Kuster and

Strach  
Casein  
KNO3 
NaCl
K2HPO4 
MgSO^ .

CaC03
Ferrous su lphate  
Agar
D i s t i l l e d  water  
pH

7 H2 O

10 .00  g 
0.30 g

00 
00  
00 

0 .05 
0.02 
0 . 01
15.00 g 
1000 ml 
7.2

g
g
g
g
g
g



1948)

Glucose 10 .00  g
Trica lc iutn  phosphate 5.00 g
Yeast  ex t rac t 1 .00  g
MgS04 . 7H2O 0.25 g
(NH4)2 SO4 0.25 g
NaCl 0 .10  g
KCl 0 .20  g
MnS04 t races
Ferrous su lphate traces
D i s t i l l e d  water 1000 ml
Agar 15.00 g
pH 7.0

N o r r i s  N - f r e e  aaar  (N o r r i s . 1959)

Glucose 10 .00  g
K2HPO4 1 .00  g
MgS04 . 7H2O 0 .20  g
CaC03 1 .00  g
NaCl 0 .20  g
Ferrous su lphate  j 0 .10  g
Sodium molybdate •* 0.005 g
D i s t i l l e d  water 1000 ml
Agar 15.00 g
pH 7.1
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