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ABSTRACT

Vicia faba L. was selected for interactive study with biofertilizers (Azotobacter and Mycorrhizae) and

chemical fertilizer Urea. The results indicate that the maximum chlorophyll a, chlorophyll b ,total chlorophyll

and careteniod content was found in plants treated with Mycorrhizae + Azatobacter. The minimum Chl a, Chl

b and total chlorophyll was found in plants treated with urea. The minimum concentration of caretenoid was

found in plants inoculated with Azotobacter alone. The maximum nitrate was observed at flowering stage in

the plants treated with Azotobacter + Mycorrhiza. The minimum nitrate content was found in control plants.

The maximum nitrate reductase activity was found at flowering stage in plants treated with mix of Azotobacter

+ Mycorrhizae and minimum at post flowering stage in control plants. Proline content increased with plant age.

The maximum and minimum Proline content was found in the plants treated with Urea and Azotobacter +

Mycorrhizae. The protein content was maximum in the leaves of Vicia faba treated with Azotobacter +

Mycorrhizae and minimum in plants treated with urea.
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Introduction 

Faba beans (Vicia faba L.) is one of the important food legume crop widely used as human food in

developing countries. It can be used as a green vegetable or dried, fresh or canned in Middle East,

Mediteranean region, China and Ethopia (Duke, 1981; Bond et al., 1985). Metabolic proccess of faba beans

are greatly governed by both external and internal i.e., genetic makeup of plants and external constituition

which involve two main factors namely climatic and edaphic environmental factors. The yield potential of faba

beans could be regulated through alteration of genetic make up and reconstitution of genetic structure through

breeding programmes and or by modification of environment through cultivation treatments. Cultivation of faba

beans in loamy soils restricts its potential yields because of lack of indeginous soil microbes. So improvement

of Faba bean production requires integration of microbial inocultaion (Azotobacter and VA Mycorrhizae) and

chemical fertilizer (Urea) to augment the availability of nutrients. The beneficial effects of inoculation with

Azotobacter and Mycorrhizae was reported for Faba beans (Ishac et al., 1997 and Rizk et al., 2000).

Azotobacter and Azospirullium significantly increased Wheat and Barley yields in irrigated as well as rainfed

crops. Biofertilizers treatment increased irrigated grain yields by 11% while as rain fed barley increased by

36%, grain yield of irrigated wheat increased by 24% while rainfed barley yields doubled (Depaw et al., 2008).

The inoculation of Azotobacter choroccocum, Pseudomonas fluorescence and Azospirilium caused a

considerable improvement in nodulation , dry matter accumulation in roots and shoots, grain yields, biomass

and protein yields (Asad et al., 2008) Inoculation with different strains of biofertilizers had increased total dry

matter and nitrogen value of Faba bean plant organs as well as NPK uptake (Mohmmed et al., 2005).
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Mycorrhizal fungi plays an important role in nutrient uptake mainly phosphorus from soil to host plant

(Guillemin et al., 1995; Ba and Guissou 1996; Ravnskov & Jakobsen; 1999), nitrogen ( Oslen & Ibsate , 1995)

and other immobile nutrient elements (Guo et al., 1996; Caris et al., 1998). on contaminated ground

(Courtecuisse, 1999). The application of inorganic chemical fertilizer as single nutrient source i.e, sole

application of urea enhanced the biomass yield and nutrient content of Stevia plant over that of absolute control

(Das et al., 2007). Some investigators reported that seed inoculation with nitrogen fixers could improve growth,

yield attributes of Faba beans. They have also reported seed inoculation with biofertilizers significantly

improved most of yield and yield attributes ( El- Ahmed et al., 2003; Salah et al., 2000 and Zeidan et al.,

2001). Growing faba bean in loamy soil usually needs an integration between bacterial inoculation and

chemical fertilization for producing high quality and quantity yield. Thus present investigation aimed to study

the comparative efficiency of inoculums ( Azatobacter, Mycorrhizae ) and chemical fertilizer, Urea application

on growth, productivity ,nodulation as well as biochemical parameters.

Materials and Methods 

Field experiments were carried out in newly cultivated lands under loamy soil conditions in Herbal Garden

of Jamia Hamdard at New Delhi during October- November of 2006 to study the effect of bio and chemical

fertilizer on the growth, productivity and biochemical aspects of Faba bean. The experiment were laid out on

sandy loam soil of medium fertility in split plot design by keeping non-inoculated in main plot and four

fertility levels (Azotobacter, Mycorrhiza, Azotobacter + Mycorrhizae, Urea) in sub plots ( 4.05 x 5.0 m). with

2four replication. The seeds were surface-disinfected with 70% ethanol , followed by 0.2% (w/v) HgCl  for 2

min, rinsed seven times in sterile water and finally planted on the 16  November at seeding rate of 80kg/fed.th

Before sowing a loamy soil sample (0-45cm depth) was taken and analyzed for their physiochemical

characteristics are presented in table (1).

Azotobacter Strain was cultured for 24 hr nat 28°C in rotator shaker. Azotobacter spp. Strain H23 was

grown in Burk’s N-free liquid medium (Wilson and Knight 1952). Late log phase cells were harvested y

centrifugation (10,000g) at 4°C and washed twice with sterile saline solution. Cell numbers of Azotobacter

were adjusted as 10  colony forming units (CFU) ml .6 -1

Glomus mosseae was used as a mycorrhizal fungus. The mycorrhizal inoculum consisted of soil, spores

and onion (Allium cepa L.)root fragments. Chlamydospores of the mycorrhizal fungus were collected from

stock soil by procedure of decanting and wet sieving ( Gerdemann & Nicolson, 1963). The VA mycorrhizal

pots received 1.0 g of washed mycorrhizal onion root and 1ml of spores obtained from mycorrhizal root and

soil. 

Nitrogen fertilizer (Urea) was applied @ 70kg per hectare. Half of the N through Urea as per treatment

was applied at time of sowing and the remaining half was top-dressed during the fourth week of sowing at

the time of only one uniform irrigation.

Random samples of treated plants were taken from each plot at different developmental stages for

measuring the following characteristics: 

Plant height, Root length, shoot length, number of pods and seeds, dry weight of pods and seeds, number

of leaves. For biochemical analysis, random sample of each treatment was taken to determine chlorophyll

content, nitrate content, Nitrate reductase activity and proline content at different developmental stages. 

Estimation of Chlorophyll was carried out following method of Hiscox and Isrealtam (1979).

Nitrate estimation determined by following method of Grover et al., (1978).

Nitrate activity was analyzed in normal and treated samples following the method of Klepper et al., (1980).

Proline was estimated using method of Bates et al., (1973).

Soluble protein was estimated following the method of Bradford et al., (1976).

Regarding yield assessment, a sample of 10 plants from each plot was randomly harvested for yield

assessment. Seed, straw and biological yield were determined.

Statistical Analysis:

Values in the text and tables indicate mean values ± S.D. of two independent experiments. The

significance of differences between control and each treatment was analyzed using Statistical Program Minitab

Results and Discussion

The obtained results indicated that there was significant effect of Azotobacter as well as Mycorrhizae

strains as evident from dry weight of leaves, number of pods, seeds and number of leaves. There is significant
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difference between Azotobacter, Mycorrhizae alone, Azotobacter + Mycorrhizae inoculants and urea application

for recorded data represented in tables given below. Biochemical parameters like chlorophyll and nitrate content

were significantly different among inoculated (Azotobacter and Mycorrhizal plants) than control and urea

treated plants which depicts the synergistic role of bio and chemical fertilizer. Results presented in tables 7,8,9

and 10 indicated that Azotobacter a Mycorrhizal inoculation alone as well as in combination have positive

responses as number of pods and seeds and their respective weight increased. The dry weight of seed and plant

was quite significantly improved by treatments as shown in tables 9 and 10. The treatments promoted much

healthier growth at flowering. A significantly higher dry matter accumulation occurred in plant following with

inoculations of mix Azotobacter + Mycorrhizae . The dry matter accumulation increased from 19.69 to 32.89%

except in plants fertilized with urea. In all treatments, the plants resumed growth rapidly 30 days after sowing.

During flowering period Crop Growth rate (CGR) was highest especially in plants treated with Azotobacter

+ Mycorrhizae over non inoculants. Similarly fertilizer treatments exhibited significant influence on plant

height, shoot, root length, number of branches and number of leaves as shown in tables 3,1,2,5, and 4. The

inoculation effect in general was found statistically significant for all Inoculated treatments. There was again

significant differences on yield and biochemical scenario between Azotobacter, Mycorrhizae and Azotobacter

+ Mycorrhizae, respective nitrogen fertilizers provided. The same trend was observed in other parameters.

Chlorophyll was found to be highest in plants treated with Azotobacter and Mycorrhizal strains with

highest increase in Flowering stage. Plant treated with Mycorrhizae + Azatobacter showed marked increase in

Chlorophyll a, b and total while as minimum total Chlorophyll was found in plants treated with Urea.

Table A: Some physical and Chemical properties of the investigated soil.

Particle size distribution (%). Sand 89.06 Organic C ( g Kg  Soil)-1

Silt 2.75 1.40.

Clay 2.30 Total Nitrogen (g Kg  Soil) -1

Texture class Sandy 0.15

3  7.87 NaHCO soluble P ( mg Kg  soil)-1

pH 32.89 4.01

3CaCo  (g Kg soil) 1.23 Soluble N (mg Kg soil):-1  -1  

4EC ( dSm  ) Na  0.079 NH - N 5.50-1 +

2Soluble Cations (c mol Kg  soil)  K  0.01 NO - N 0.25-1 +

3Ca  0.14 NO - N 2.25+

M g  0.03+

3CO  0.01

3Soluble anions (cmol Kg  Soil) HCO  0.03-1

Cl  0.08-

4SO  0.14

Table 1: Comparative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the Shoot length (cm) of Vicia faba L.

PARAM ETER TREATMENTS

Shoot Control Azotobacter H23 Mycorrhizae Azotobacter + Urea @  70kg h1

Length(cm) Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae

Pre Flowering 8.44±0.05 10.21±0.04 9.82±0.07 10.66±0.1 9.50±0.06

0.00 (-20.97)** (-16.35)** (-26.30)** (-12.55)**

Flowering 20.32±0.08 22.32±0. 07 23.44±0.03 25.44±0.03 23.21±0.04

0.00 (-9.84)* (-15.40)** (-25.19)** (-14.23)*

Post Flowering 29.01±0.05 36.65±0.01 34.33±30.01 39.32±0.05 30.01±0.04

0.00 (-26.34)** (-18.34)** (-35.5)** (-3.75)*

" LSD at 5%  2.97.

" ** Highly Significant

" * Signficant

Table 2: Comparative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the  Root length(cm) of Vicia faba L.

PARAM ETER TREATMENTS

Root Control Azotobacter H23 Mycorrhizae Azotobacter + Urea @  70kg h-1

Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae Length(cm)

Pre Flowering 4.68±0.18 5.38±0.01 4.92±0.01 6.92±0.01 4.59±0.04

0.00 (-14.95)** (-5.12)* (-47.8)** (1.92)ns

Flowering 10.61±0.01 11.39±0.01 11.79±0.07 12.15±0.01 9.92±0.01

0.00 (-7.35)* (-11.12)* (-14.51)** (6.5)ns

Post Flowering 11.31±0.01 12.02±0.12 13.01±0.06 13.02±0.07 10.72±0.05

(0.00) (-6.27)* (-15.0)* (-16.70)** (-5.2)ns

" LSD at 5%  1.77.

" ** Highly Significant

* Signficant
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Table 3: Comparative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the  Plant   height (cm) of Vicia faba

L.

PARAM ETER TREATMENTS

Plant Height  (cm) Control Azotobacter H23 Mycorrhizae Azotobacter + Urea @  70kg h-1

Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae

Pre Flowering 14.68±0.01 16.02±0.03 14.92±0.06 16.89±0.4 13.89±0.02

0.00 (-9.12)** (-1.63)* (-15.0)** (5.38*)

Flowering 30.23±0.03 38.65±0.02 33.66±0.05 39.85±0.05 29.89±0.02

0.00 (-27.8)** (-11.34)** (-31.8)** (1.12)ns

Post Flowering 38.50±0.07 42.60±0.03 43.60±0.02 44.10±0.1 38.01±0.01

0.00 ( -10.6)* (-13.02)* (-14.5)* (1.27)ns

" LSD at 5%  3.68.

" ** Highly Significant

" * Signficant

Table 4: Comparative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the  Number of leaves  of Vicia faba

L.

PARAM ETER TREATMENTS

Number of Leaves Control Azotobacter H23 Mycorrhizae Azotobacter + Urea @  70kg h-1

Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae

Pre Flowering 7.33±0.02 10.66±0.04 8.98±0.01 12.33±0.02 6.62±0.01

0.00 (-45.4)** (-22.5)** (--68.02)** (9.68)*

Flowering 43.33±0.01 49.32±0.03 45.9±0.02 61.33±0.08 41.06±0.01

(0.00) (-13.82)** (-5.93)* (-41.54)** (5.23)*

Post Flowering 46.50±0.03 58.09±0.01 60.20±.03 72.33±0.02 49.20±0.04

(0.00) (-24.9)** (-29.4)** (-55.5)** (5.80)*

" LSD at 5%  2.77

" ** Highly Significant

" * Signficant

Table 5: Com parative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the  Number of  branches of Vicia

faba L.

PARAM ETER TREATMENTS

Number of branches Control Azotobacter H23 Mycorrhizae Azotobacter + Urea @  70kg h-1

Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae

Pre Flowering 3.40±0.01 4.89±0.03 4.49±0.02 5.2±0.07 3.32±0.01

0.00 (-43.8)** (-32.0)** (-52.9)** (2.35)*

Flowering 6.32±0.03 7.98±0.02 7.89±0.02 9.33±0.01 6.10±0.01

0.00 (-26.26)** (-24.84)* (-47.62)** (3.48)*

Post Flowering 10.00±0.02 13.02±0.07 11.89±.001 15.33±0.09 9.98±0.06

0.00 (-30.2)** (-18.9)* (-53.3)** (0.2)ns

" LSD at 5%  0.12

" ** Highly Significant

" * Signficant

Table 6: Comparative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the   Plant dry weight of Vicia faba

L.

PARAM ETER TREATMENTS

Plant Dry W eight Control Azotobacter H23 Mycorrhizae Azotobacter + Urea @  70kg h-1

Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae

Pre Flowering 19.69±0.12 22.32±0.01 22.16±0.07 25.66±0.02 19.60±0.06

0.00 (-13.35)** (-12.51)* (-30.31)** (1.77)ns

Flowering 24.69±0.02 32.89±0.07 32.25±0.01 36.48±0.09 29.09±0.01

0.00 (-33.21)** (-30.16)** (-47.75)** (-21.10)*

Post Flowering 33.20±0.07 37.89±0.01 35.89±0.03 39.01±0.02 32.89±0.01

0.00 (-14.12)** (-8.10)* (-17.5)** (0.93)*

" LSD at 5%  0.11

" ** Highly Significant

* Signficant

Table 7: Comparative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the    dry weight of Pods (grms)  of

Vicia faba L.

PARAM ETER TREATMENTS

Dry weight of pods Control Azotobacter H23 Mycorrhizae Azotobacter + Urea @  70kg h-1

Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae

Pre Flowering _ _ _ _ _

Flowering 26.80±0.02 30.39±0.08 29.26±.02 33.20±0.01 26.17±0.01

0.00 (-13.3)** (-9.17)* (-23.89)** (2.35)

Post Flowering 39.40±0.08 40.20±0.01 42.10±0.01 42.98±0.02 38.89±0.06

0.00 (-2.0)* (-6.85)** (-9.0)* (1.29)*

" LSD at 5%   2.61

" ** Highly Significant

* Signficant
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Table 8: Com parative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the    dry weight of Pods (grm s) of

Vicia faba L.

PARAM ETER TREATMENTS

Number of pods Control Azotobacter H23 Mycorrhizae Azotobacter + Urea @  70kg h-1

Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae

Pre Flowering _ _ _ _ _

Flowering 11.95±0.01 19.68±0.01 17.78±0.07 20.1±0.01 11.87±0.07

0.00 (-64.68)* (-48.78)* (-68.20)* (0.66)*

Post Flowering 20.43±0. 24.53±0.01 28.83±0.01 29.65±0.01 19.04±0.01

0.00 (-20.06)* (-41.12)* (-45.12)* (6.80)*

" LSD at 5%   2.85

" ** Highly Significant

* Signficant

Table 9: Comparative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the    dry weight of seeds (gm) of

Vicia faba L.

PARAM ETER TREATM ENTS

Dry weight of Seeds Control Azotobacter H23 M ycorrhizae Azotobacter + Urea @  70kg h-1

Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae

Pre Flowering _ _ _ _ _

Flowering 39.93±0.12 50.62±0.9 48.69±0.16 55.86±0.13 36.81±0.13

0.00 (-26.78)* (-21.93)* (-39.89)* (7.81)*

Post Flowering 41.97±0.01 57.39±0.03 50.62±0.06 59.69±0.07 40.78±0.02

0.00 (-36.74)* (-20.60)* (-42.23)* (2.83)*

" LSD at 5%   1.33

" ** Highly Significant

* Signficant

Table 10: Comparative Effect  of  Azotobacter, M ycorrhizal inoculation and Nitrogen fertilizer on the    Number  of seeds  of Vicia

faba L.

PARAM ETER TREATMENTS

Number of Seeds Control Azotobacter H23 Mycorrhizae Azotobacter + Urea @  70kg h-1

Non-inoculated CFUml-1 (106) Glomus m ossae M ycorrhizae

Pre Flowering _ _ _ _ _

Flowering 22.40±0.01 28.41±0.07 25.33±0.02 29.83±0.06 21.98±0.06

0.00 (-26.83)* (-13.08)* (-33.16)* (1.875)*

Post Flowering 61.21±0.02 66.19±0.12 64.02±0.14 68.20±0.11 59.01±0.02

0.00 (-8.13)* (-4.73)* (-8.29)* (3.452)*

" LSD at 5%   2.02

" ** Highly Significant

* Signficant

Fig. 1: Comparative Effectof Azotobacter, Mycorrhizal inoculation and Nitrogen fertilizer on the total
Chlorophyll content (mgg- fw) of Vicia faba L.1

Investigations indicate the maximum nitrate content was found at flowering in plants treated with

Mycorrhizae + azotobacter and Mycorrhizae by 51.86% while as minimum was found in Control plants.
However Nitrate activity was found to be maximum at flowering in plants treated with Mycorrhizae +

Azatobacter and mycorrhizae respectively. While as minimum nitrate activity was found in control plants.
Response of nitrate activity in Vicia faba to mentioned biofertilizer doses were not significant The results

indicate that proline content increased with increasing plant age. 
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Fig. 2: Comparative Effect of Azotobacter, Mycorrhizal inoculation and Nitrogen fertilizer on the Chlorophyll

b content (mgg fw) of Vicia faba L.-1

Fig. 3: Comparative Effect of Azotobacter, Mycorrhizal inoculation and Nitrogen fertilizer on the Chlorophyll
a  content (mgg- fw ) of Vicia faba L.1

Fig. 4: Comparative Effect of Azotobacter, Mycorrhizal inoculation and Nitrogen fertilizer on the Protein
content (mgg- fw ) of Vicia faba L.1



690Am.-Eurasian J. Sustain. Agric., 3(4): 684-694, 2009

Fig. 5: Comparative Effect of Azotobacter, Mycorrhizal inoculation and Nitrogen fertilizer on the  caratenoid

content (mgg- fw) of Vicia faba L.1

Fig. 6: Comparative Effect of Azotobacter, Mycorrhizal inoculation and Nitrogen fertilizer on the  nitrate

reductase activity (µ mol g-  fr.wt.hr - ) of Vicia faba L.1 1

Fig. 7: Comparative Effect  of  Azotobacter, Mycorrhizal inoculation and Nitrogen fertilizer on the  nitrate

content (m molg-1 fr.wt.) of Vicia faba L.
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Fig. 7: Comparative Effect of Azotobacter, Mycorrhizal inoculation and Nitrogen fertilizer on the  overall

yield of Vicia faba L.

With regards to Inoculation and chemical fertilizers, the biological yield, straw and seed yield has found
to be increased progressively irrespective of treatments in all experimental designs. The biological yield was

found to be maximum in plants treated with Azotobacter + mycorrhizae as indicated in table 16. The results
provide in table 16 show that yield increased progressively irrespective of concentration of treatments over

control. However magnitude of such changes varied with treatments being recorded highest in Azotobacter +
Mycorrhizae inoculated plants. 

The increased levels of fertilizers improved different growth parameters such as dry matter of pods and
seeds, number of branches, seeds and several yield attributing characters in Vicia faba. The fact was reflected

in highly significant positive correlation between grain yield and different growth and attributing characters
during all developmental stages as recorded in tables. However, biofertilizers increased grain yield of Vicia

faba by 49.01 % as compared to control. At same time, chemical fertilizer applied @ 1 and 2% urea showed
not significant increase in yield. These results clearly suggest the synergistic effect of microbial inoculation

and chemical fertilizers on productivity of Vicia Faba.

Discussion

From our investigation it has been proved that application of microbial inoculation is an acceptable
approach for higher yield with good quality and safe for human consumption than that of chemical fertilizer.

Our results show that either incolation of Azotobacter, Mycorrhizae alone or in combination gave positive
response to studied parameters.This response was accompanied by significant increase in plant height, shoot

and root length , dry weight etc. Growth parameters increased due to the single or mixed microbial inoculation
treatments than that of chemical fertilizers applied to Vicia faba. The stimulatory effect of microbial inoculation

(Azotobacter + Mycorrhizae) may be due to introduction of new amount of microbes in the soil that causes
a change in microbiological activity (Paul and Clark, 1989; Jarak et al., 2005). It has been investigated before

that inoculation , there is release of microbes that firmly settle the root surface and remain there surrounded
by natural microflora. Then they take part in process of humunification, dehumunification, nitrogen fixation,

nitrification and other processes and supply plant with nutrients ( Kloepper et al., 1991). The introduction of
Azotobacter and Mycorrhizae into soil produces the growth substances which leads to increased length and

mass of plant and to increased yield (Maltseva et al., 1995; Govedarica et al., 2002).
Microorganisms also influences the success of production (Alexander, 1997). Inoculation of Vicia faba with

Mycorrhizae had positive effect due to stimulatory effect on growth may be due to availability of Phosphorus
which enhances the metabolic proccesss such as Photosynthesis, starch synthesis, glycolysis and synthesis of

fats and proteins. Phosphorus is found in plants as constituent of nucleic acid , phosphoralyted co-enzyme and
high energy phosphorus components. These aspects encourage dry matter accumulation and total biomass of

plants. This result is in harmony with those obtained by Saad and El Kohly (1987). The ability of Azotobacter
and Azospirlium to change root morphology and plant growth rate has been widely described and commonly

related to production of biologically active substances by these bacteria (Bashan and Levanoxy, 1990; Becking,
1992; Purushothum et al., 1997) also found increased growth of rice crop due to interactions of Azatobacter

with chemical fertilizers NPK.
Azotobacter application increased both grain and straw yield almost at all levels organic and chemical

fertilizers applied. In the present investigation, chlorophyll content, nitrate content and nitrate activity .
Chlorophyll content is found to be an informative parameters for estimation of nitrogen uptake from the soil.
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It has been reported the application of urea produced higher yield and recorded the higher nutrient uptake by
Stevia plants which in turn results in increment of chlorophyll content as nitrogen form intregal part of

complex. The application of urea induce inihibition in chlorophyll while as increment in chlorophyll a, b and
total chlorophyll have increased in plants inoculated with Azotobacter. The increased chlorophyll is due to

more uptake of nitrogen involved in structure (Tomar et al., 1998). The maximum increase of chlorophyll and
protein content resulted in Mycorrhizae + Azatobacter inoculated plants and minimum was recorded in plants

applied with urea. The application of urea showed remarked decrease in biochemical and yield aspects. It may
be because of relative immobility of nutreint ions caused by accumulation of urea in soil ( Leuris et al., 1987,

Sarkar et al, 1989). Accumulation of urea also results in depletion of these nutreints which have been ignored
or whose addition is with held ( Rao et al., 1996; Dalal Mayer., 1986). Depletion can have counter production

effects on sustainability of agriculture because it causes progressive appearance of defeciencies. Addition of
chemical fertilizers releases acidic ions which decreases soil pH ( Lense, 1972; Sarkar et al., 1987). 

Conclusion

Integrated approach of microbial inoculum and chemical fertilizer ( at recommended dosage) help to

increase productivity and soil fertility. Use of microbial inoculums will curtail half demand of chemical
fertilizers as well as cascade the effect on the price inflation and check soil pollution which will lead to

mission of sustainable development. Integrated Nutrient Management not only resulted in arrange marriage
between envionment and Economy for growth rate and GDP from9.5 to 10 % in 11 five year plan but wouldth  

have also be action for global challenges for Vision 2020 of developed New India.
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