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INTRODUCTION 

Sorghum is commonly known as ‘Great 

millet’ and popularly known as ‘Jowar’ in India. 

It is used the world over as food, feed and staple 

food of the poor in many countries. Sorghum is 

the fifth most important annual, cereal crop in 

the world after wheat, rice, maize and barley.  

Sorghum is also used for ethanol production, 

producing grain alcohol, starch production, 

production of adhesives and paper. The cereal 

grain is said to have originated around present-

day Ethiopia as a wild grass. India is the leading 

producer after the USA and Nigeria.  
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ABSTRACT 

The influence of biofertilizer inoculation viz. Azotobacter and Phosphate Solubilising Bacteria (PSB) 

alone and in different combinations with the recommended dose of chemical fertilizer (NPK: Nitrogen-

Phosphorous-Potassium) on Jowar (Sorghum bicolor (L.) Moench) crop was tested during the Kharif 

season at the agricultural field (21040’76.97N; 78096’22.70 E Maharashtra State of India) to explore the 

possibility of reducing doses of chemical fertilizers and for better soil health. The results revealed 

significant improvement in growth characters such as the height of the plant (4.89% to 15.10%), number 

of internodes (1.69 to 6.39%), stem diameter (5.08% to 26.27%), the weight of the root system (7.32% 

to 29.27%), number of functional leaves (6.70% to 19.56%), the weight of fresh plant (8.45% to 

17.17%) and weight of dry plant (9.15% to 24.29%) over the control treatment. Similarly, the weight of 

sorghum-cob (11.33% to 47.67%), the yield of fodder (4.59% to 19.76%), grain yield quintal/hector 

(0.97% to 37.83%) was more in inoculated crop as compared to the controlled condition. Conclusion: 

The proper application of biofertilizers can reduce the RDF dose of NPK up to a considerable extent 

thereby the cost of production and minimize soil stress but cannot replace the instant yield benefits due 

to chemical fertilizers. 
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The use of N-fertilizer not only spoils the 

groundwater, soil but also have deleterious 

effects by the emission of harmful gases. The 

chemical fertilizers should be replaced with 

natural and organic fertilizers which can play a 

key role in the conservation of the 

environment.(1) Forum for Nuclear Co-operation 

in Asia Bio-fertilizer Project, National Project on 

Organic Farming and All India Network Project 

on Bio-fertilizers aims to encourage the use of 

biofertilizers. Biofertilizers improve the 

quantitative and qualitative features of many 

plants. (2) Sorghum Yield and soil properties 

were significantly improved by combined 

application of organics, inorganics and 

biofertilizers than the inorganic alone. (3) 

Maharashtra produces the maximum 

Sorghum in India. Sorghum cultivation is about 

2020 to 3220 hectares i.e. 4 to 6% of total 

cultivable land with very fragmented attempts of 

biofertilizer applications in Saoner Tahsil of the 

Nagpur district (M.S., India). It is becoming 

difficult to meet the nutrient need of farming 

through chemical fertilizer alone and higher 

costs, the concept of an integrated plant nutrient 

supply system (IPNS) is gaining ground. 

Therefore, the investigation was planned and 

conducted to study the influence of liquid 

biofertilizers alone, dual and in different 

combinations with chemical fertilizers on the 

vegetative, reproductive growth and yield 

attributes of Sorghum bicolour. 

MATERIALS AND METHODS 

The experiments were laid down during 

the Kharif season of 2007. The Randomized 

Block Design with four replications was adopted 

in field experiments. The sowing of experimental 

materials was done on 3rd July 2007 at an 

agricultural field (21040’76.97N; 78096’22.70E) 

in Saoner Tahsil of Nagpur district (M.S., India). 

The Sorghum variety Mahabeej-Bhagyalaxmi-

296 was sown by dibbling and given spacing of 

15 to 20 cm between two plants and 50 to 60 cm 

between two lines. The plants were thinned to 

maintain the required distance.  Overall the soils 

of experimental plots were medium, black, 

alkaline, with available N (153 kg/ha), P (20.24 

kg/ha), K (552 kg/ha), organic C (0.54%), 

electrical conductivity (0.276 dSm-1) and with 

66.25% water holding capacity. This data was 

utilized to calculate the recommended dose of 

chemical fertilizer (RDF) in the form of granular 

urea, single super phosphate and muriate of 

potash. The RDF for the present experiment was 

100 N: 50 P2O5: 20 K2O. The other agronomic 

practices were followed uniformly during the 

cropping season and need-based protection 

measures were taken. NPK fertilizers given in 

split doses by top dressing in-ring placement as 

per the treatments. NPK and biofertilizer 

applications were not given at the same time. 

The first application (18th July 2007) constitute 

half dose of N and a complete dose of P and K. 

Second application (16th August 2007) 

constitutes the remaining half dose of N. 

The bioinoculant cultures (Azotobacter 

chrochoccum as AZT and Bacillus polymyxa as 

PSB) were confirmed from the RCOF, Nagpur, 

Ministry of Agriculture, Govt. of India. The 

Sorghum seeds were treated with liquid 

bioinoculant of viable cell count at sowing time. 

The second inoculation of biofertilizers was 

made by broadcasting near the root zone of 

plants on 29th July 2007. The treatments were T-

1: 100% RDF of NPK; T-2: 50% RDF of NPK + 

AZT + PSB; T-3: 50% RDF of NPK + AZT; T-

4: AZT + PSB; T-5: AZT and T-6: Control (No 

treatment). Irrigation was provided as per the 

need and climate. The total rainfall of 1221.2 

mm was received during the season with 59 

rainy days.  

Observations were recorded on the 

height of the plant, number of internodes, stem 

diameter, the weight of root system, number of 

functional leaves, the weight of the fresh plant, 

weight of the dry plant, weight of earhead, yield 

of fodder and grain yield (Quintal/ha). 

Observations were recorded by selecting 

randomly two to five plants from each treatment 

for the above parameters while all plants for a 

yield of fodder and grain yield (Q/ha).  The mean 

data for the yield was subjected to statistical 

analysis. 

RESULTS AND DISCUSSION 

Height of the plant studied from 25 to 100 days 

after sowing (DAS) with the interval of 15 days. 

The grand growth period was observed between 

25 to 85 DAS. The maximum plant height at 100 

DAS (181.26 cm) was found in 100% RDF of 

NPK and Azotobacter + PSB + 50% RDF of 

NPK (176.12 cm), whereas the minimum height 

per plant was in control (153.02 cm). The 

treatments T-1, T-2, T-3,T-4 and T-5 have 

shown 18.46%, 15.10%, 8.56%, 9.98% and 

4.89% more height per plant respectively over 

the control. The plant height was mainly 

influenced by the fertility status of soil due to the 

ample availability of nutrients during crop 
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growth. The findings are in agreement with the 

work of Tripathi and Bhan, (4) and Wanjari and 

Deshmukh,(5). 

Table 1: Sorghum growth parameters as influenced by different treatments 

Parameter Observation T-1 T-2 T-3 T-4 T-5 T-6 

Height, cm 
70 DAS 149.84 146.23 136.24 134.50 124.14 122.04 

100 DAS 181.26 176.12 166.12 168.30 160.50 153.02 

Number of internodes 
70 DAS 13.80 14.00 13.00 14.00 13.00 12.00 

100 DAS 15.30 14.32 13.84 14.48 13.82 13.61 

Stem diameter, cm 
70 DAS 3.062 3.110 2.930 3.016 2.946 2.846 

100 DAS 2.860 2.980 2.480 2.640 2.520 2.360 

Weight of root system, g 
70 DAS 413 404 387 364 337 320 

85 DAS 384 371 359 319 308 287 

Number of leaves 
55 DAS 15.40 14.80 13.80 14.40 13.40 12.60 

100 DAS 11.40 11.96 10.03 10.90 10.48 8.86 

Weight of fresh plant, g 
70 DAS 1257 1227 1134 1118 1038 998 

100 DAS 1363 1317 1222 1232 1219 1124 

Weight of dry plant, g 
70 DAS 371 355 328 319 297 287 

100 DAS 425 394 358 352 346 317 

Weight of an earhead, g 100 DAS 250.70 231.40 190.50 215.55 176.85 158.85 

 

 

Table 2: Sorghum- Average yield of fodder and grain per plant and per hectare 

Yield T-1 T-2 T-3 T-4 T-5 T-6  

Fodder per 

plant, g 
272.51±0.51 260.73±0.69 235.28±0.61 243.56±0.60 227.70±0.63 217.72±0.55 

Fodder Q/ha 163.510 156.440 141.170 146.140 136.620 130.630 

Grain per 

plant, g 
74.24±0.41 69.70±0.68 55.71±0.35 61.73±0.54 51.06±0.52 50.57±0.62 

Grain  Q/ha 44.544 41.820 33.426 37.038 30.636 30.342 

 

The number of internodes in Sorghum studied 

from 40 to 100 DAS with an interval of 15 days. 

The grand period of growth was observed 

between 55 to 70 DAS, which naturally affects 

the height of the plant. The maximum number of 

internodes at 100 DAS (15.30) was observed in 

100% RDF of NPK and Azotobacter + PSB 

(14.48), whereas the minimum number of 

internodes was in control (13.61). The treatments 

T-1, T-2, T-3 and T-4 have shown 12.42%, 

5.22%, 1.69% and 6.39% more internodes per 

plant respectively over the control. The 

biofertilizers alone or in combination play an 

important nutritional and stimulatory role in 

growth attributes, particularly the PSB.  

Stem diameter was under investigation from 25 

to 100 DAS with an interval of 15 days. The 

grand growth period was observed up to 55 

DAS, hereafter the rate becomes slow and even 

the diameter gets slightly reduced towards 

maturity. It may be due to the transfer of sugars 

from stem to reproductive growth. The 

maximum stem diameter per plant at 100 DAS 

(2.980 cm) was found in Azotobacter + PSB + 

50% RDF of NPK and 100% RDF of NPK 

(2.860 cm), whereas the minimum diameter per 

plant was in control (2.360 cm). The treatments 

T-1, T-2, T-3,T-4 and T-5 have shown 21.19%, 

26.27%, 5.08%, 11.86% and 6.78% more mean 

stem diameter per plant respectively over the 

control. A secretion of growth-promoting 

substances and availability of nutrients 

influenced positively this growth parameter. 

These results are in close agreement with the 

work of Tripathi and Bhan, (4) and Deokar and 

Sawant,(6).  
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The maximum weight of the root system at 85 

DAP (384 g) was found in 100% RDF of NPK 

and Azotobacter + PSB + 50% RDF of NPK 

(371 g), whereas the minimum root weight per 

plant was in control (287 g). The treatments T-1, 

T-2, T-3,T-4 and T-5 have shown 33.80%, 

29.27%, 25.09%, 11.15% and 7.32% increased 

weight of root per plant respectively over the 

control. The growth of the root is promoted by 

the secretion of growth hormones, availability of 

nutrients and moisture in the rhizosphere. The 

response of the combined treatment of 

biofertilizers and chemical fertilizers produces 

better results. It conforms with Dhumal,(7) and 

Abbass and Okon,(8).  

The mean number of functional leaves per 

plant in Sorghum was observed from 25 to 100 

DAS with an interval of 15 days. The grand 

growth period was observed up to 55 DAS, 

hereafter the number of leaves per plant declined 

towards maturity. The maximum number of 

leaves at 55 DAS (15.40) was found in 100% 

RDF of NPK and Azotobacter + PSB (14.80), 

whereas the minimum number of leaves was 

found in control (12.60). The treatments T-1, T-

2, T-3,T-4 and T-5 have shown 18.21%, 19.56%, 

6.70%, 12.91% and 06.78% more mean number 

of leaves respectively per plant over the control 

during the crop time. The plant height and 

number of internodes decides the number of 

leaves. The results conform with that of Sharma 

and Thakur,(9).  

The average weight of a fresh plant was 

observed from 40 to 100 DAS with an interval of 

15 days. The weight of the fresh plant increases 

throughout the cropping period, but the vigorous 

growth observed up to 85 DAS. The maximum 

weight of a fresh plant at 100 DAS (1363 g) was 

found in 100% RDF of NPK and Azotobacter + 

PSB + 50% RDF of NPK (1317 g), whereas, the 

minimum weight was recorded in the control 

(1124 g). The treatments T-1, T-2, T-3,T-4 and 

T-5 have shown 21.26%, 17.17%, 08.72%, 

09.61% and 08.45% increase of average weight 

respectively of a fresh plant over the control.  

The average weight of a dry plant (dry matter) 

was observed from 40 to 100 DAS with an 

interval of 15 days. The same plants were 

considered for this parameter as that of the fresh 

weight of a shoot. The maximum weight of a dry 

shoot at 100 DAS (425 g) was found in 100% 

RDF of NPK and Azotobacter + PSB + 50% 

RDF of NPK (394 g), whereas, the minimum 

weight was obtained in the control (317 g). The 

treatments T-1, T-2, T-3,T-4 and T-5 have 

shown 34.07%, 24.29%, 12.93%, 11.04% and 

09.15% increase of average weight of a dry shoot 

respectively over the control. The percentage 

losses of the weight from fresh to dry matter do 

not show any significant difference among 

various treatments, (68.82% to 71.80%). The 

chemical fertilizers and combined inoculation 

treatments especially the PSB recorded 

significant weight due to the proper nutritional 

supply. These findings are in close agreement 

with Sharma and Agrawal,(10) and Arbad et al.(11).  

The weight of an earhead (cob) ultimately 

decides the biological yield. The maximum 

average weight of cob was recorded in the 

treatment of 100% RDF of NPK (250.70 g) and 

Azotobacter + PSB + 50% RDF of NPK (231.40 

g). The treatments T-1, T-2, T-3,T-4 and T-5 

have shown 52.82%, 47.67%, 19.92%, 35.69% 

and 11.33% increased weight over the control in 

respective treatments. Here the PSB have played 

important role in the enhancement of growth 

figures along with Azotobacter and can reduce 

the application of chemical fertilizers. These 

results are in close agreement with Baheray and 

Agate (12), Iyanar et al.(13), Deokar and Sawant (6). 

The fodder yield per hectare as influenced by 

different treatments was studied once after the 

harvest of Sorghum. The maximum fodder yield 

per hectare was observed in 100% RDF of NPK 

(163.51 qh-1). It was followed by the treatments 

Azotobacter + PSB + 50% RDF of NPK (156.44 

qh-1), Azotobacter + PSB (146.14 qh-1), 50% 

RDF of NPK + Azotobacter (141.17 qh-1), 

Azotobacter alone (136.62 qh-1) and control 

(130.63 qh-1). All the treatments were 

significantly superior over the control. 

The grain yield also depends upon the number 

of healthy plants that stand and the equal 

distribution of nutrient elements in the soil. The 

maximum grain yield per hectare was observed 

in 100% RDF of NPK (44.544 qh-1). It was 

followed by the treatments Azotobacter + PSB + 

50% RDF of NPK (41.820 qh-1), Azotobacter + 

PSB (37.038 qh-1), 50% RDF of NPK + 

Azotobacter (33.426 qh-1), Azotobacter alone 

(30.636 qh-1) and control (30.342 qh-1). It means 

the treatments T-1, T-2, T-3,T-4 and T-5 have 

shown 46.81%, 37.83%, 10.16%, 22.07% and 

0.97% more grain yield respectively over the 

control. Azotobacter and PSB along with NPK 

play a very important role in providing balance 

nutrients through the soil. These findings are 

supported by many workers like Deokar and 

Sawant,(14), Wanjari and Deshmukh, (5), Bhande 

et al.(15) and Sonaliet al.,(16). 
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CONCLUSION 

The proper application of biofertilizers can 

reduce the RDF dose of NPK up to a 

considerable extent thereby the cost of 

production and minimize soil stress but cannot 

replace the instant yield benefits due to chemical 

fertilizers. Integrated and judicious use of 

inorganic and organic sources of fertilizers is 

essential in modern agriculture.  
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