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ABSTRACT 
 
A field experiment was conducted during the summer season of 2000-2001 at the Vegetable 
Research Farm of Indian Agricultural Research Institute (I.A.R.I.), New Delhi (India) to test the 
efficacy of three Azotobacter strains as a potential supplement to nitrogenous fertilizer in 
improving growth and yield of onion cv. Pusa Madhvi. The treatments consisted of factorial 
combination of four levels of nitrogen (0, 25, 50 and 75 kg N ha-1) and three Azotobacter 
strains (CBD-15, AS-4 and M-4) with two uninoculated controls one with full dose of N (100 kg 
ha -1) and the other without NPK. Application of 75 kg N ha-1 along with inoculation of CBD-15 
was found to have significantly increased most of the growth and yield parameters, soil 
available nitrogen, and nitrogen content in the bulb followed by M-4 inoculation as compared to 
application of full dose of nitrogen without the inoculation. Days to bulb initiation were 
significantly reduced due to inoculation with CBD-15 or M-4 along with 50 kg N ha-1 whereas 
days to bulb maturity were significantly reduced due to inoculation with any of the strains along 
with the same N rate (50 kg ha-1) as compared to application of full dose of nitrogen without 
the inoculation. The finding demonstrated a saving of 50 kg N ha-1 without significantly 
affecting yield and an average increase of 13.5% marketable yield due to Azotobacter 
inoculation in the presence of 75 kg N ha-1. 
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IZVLEČEK 
 

VPLIV KOMBINIRANE APLIKACIJE Azotobacter-JA IN DUŠIČNEGA GNOJILA NA 
PRIDELEK ČEBULE (Allium cepa L.)  

 
V  letih 2000-2001 je bil na Vegetable Research Farm, Indian Agricultural Research Institute 
(I.A.R.I.), New Delhi (India) izveden poskus za preverjanje učinkovitost treh sojev Azotobacter 
kot možnih dodatkov k uporabi dušičnih gnojil, da bi se izboljšalo rast in pridelek pri čebuli cv. 
Pusa Madhvi. Poskus je vključeval faktorske kombinacije štirih ravni preskrbljenosti z dušikom 
(0, 25, 50 and 75 kg N ha-1) in tri genotipe Azotobacter  (CBD-15, AS-4 and M-4), z dvema 
neinokuliranima kontrolama, od tega eno z odmerkom N (100 kg ha -1) in drugo brez gnojenja 
z NPK. Aplikacija 75 kg N ha-1 je skupaj z inokulacijo CBD-15 dala pomembno povečanje 
večine parametrov rasti in pridelka, v tleh dostopnega dušika in vsebosti dušika v čebulah po 
inokulaciji z M-4 , v primerjavi z aplikacijo polnega odmerka dušika a brez inokulacije. Število 
dni do začetka tvorbe čebul je bilo značilno manjše pri inokulaciji z CBD-15 ali M-4 , skupaj z 
odmerkom 50 kg N ha-1. Število dni do zrelih čebul je bilo značilno manjše pri inokulaciji s 
katerim koli genotipom pri enakem odmerku N (50 kg ha-1), v primerjavi s polnim odmerkom 
dušika brez inokulacije. Ugotovitve kažejo prihranek 50 kg N ha-1 brez značilnega znižanja 
pridelka. Ugotovljeno je povprečno povečanje tržnega pridelka za 13,5% pri inokulaciji z 
Azotobacter-jem in odmerku 75 kg N ha-1. 
 
Ključne besede: Azotobacter, čebula, dušično gnojilo, rast, pridelek, dostopen dušik, premer 

čebul 
 
 
INTRODUCTION 
 
Onion (Allium cepa) is one of the most important vegetable crops grown and 
used throughout the world. Onion being among the high nitrogen demanding 
vegetables, its productivity depends on use of optimum fertilizer rates and if 
not adequately fertilized, considerable yield losses are apparent. The present 
day modern agriculture depends heavily on use of chemical fertilizer for 
boosting crop yield. However, these fertilizers are often in short supply and 
their indiscriminate use has an adverse effect on long-term soil health and 
environment, which has received global attention. Moreover, chemical 
fertilizers are costly and hence are hardly affordable by small and marginal 
farmers, which constitute the majority of the farming community in 
developing countries. The most realistic solution is, therefore, to exploit the 
possibility of supplementing chemical fertilizers with organic ones, more 
particularly biofertilizers of biological origin. These days biofertilizers have 
emerged as an important component of integrated nutrient management 
strategy and had a promise to improve an over all crop performance, yield and 
nutrient supply. Thus, of late increasing attention is being paid to derive the 
most benefit from biofertilizers. Biofertilizers are low cost, effective and 
renewable source of plant nutrients to supplement chemical fertilizers and 
their role in onion as well as other vegetable production, therefore, assumes a 
special significance, particularly in the present context of very high cost of 
chemical fertilizers. 
 
Onion responds well to Azotobacterization and yield increase up to 20 per cent 
has been reported (Meshram and Shende, 1990). However, there exists wide 
variation in nitrogen fixing capacity of various strains of Azotobacter (Vinay, 
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1998) and strain specificity to crop plants has also been reported (Rajakumar 
and Lakshman, 1990). The present study was, therefore, conducted with the 
view to identify efficient strain of Azotobacter and to select a suitable N level 
and Azotobacter strain combination(s) for better growth and yield of onion.      
                    
MATERIALS AND METHODS 
 
A field experiment was conducted using onion cultivar Pusa Madhvi during the summer 
season of 2000-2001 at the Vegetable Research Farm of Indian Agricultural Research 
Institute (IARI), New Delhi, on sandy loam soil having a pH of 7.9. Four levels of nitrogen (0, 
25, 50 and 75 kg N ha -1) and three Azotobacter strains (CBD-15, AS-4 and M-4) were 
combined factorially with two additional uninoculated controls one with full dose of N, 100 kg 
N ha-1, (standard practice) and the other without NPK (absolute control). A total of 14 
treatments including controls were laid out in Randomized Block Design (RBD) with three 
replications. A plot size of 4.68 m2  and spacing of 10cm x 15cm were used. A carrier based 
(Charcoal: Soil, 3:1) inoculum of each of the Azotobacter strain @ 500 g ha-1 was suspended 
in water to prepare a slurry and seedlings were uprooted from the nursery beds and dipped 
in the respective Azotobacter strain slurry for transplanting in the main field. Only half dose of 
nitrogen as urea was applied at the time of transplanting and the rest half was applied in two 
equal splits at 30 and 50 days after transplanting. Full doses of phosphorus as single super 
phosphate and potassium as muriate of potash were applied to all the treatments at 
transplanting @ 50 kg P2O5 and 75 kg K2O ha-1, respectively. Data was recorded on growth 
parameters such as plant height, number of leaves per plant both at 45 and 90 days after 
planting. Observation was also made on days to bulb initiation, days to maturity, bulb weight, 
bulb diameter, total and marketable yields, bulb nitrogen content and soil available nitrogen.  

       
 

RESULTS AND DISCUSSION 
 
1. Plant height and number of leaves per plant 
 
At 45 days after transplanting (DAT), only plant height was significantly 
influenced due to Azotobacter inoculation under all levels of nitrogen tested 
when compared to the control with 100 kg N ha-1 (Table 1).  However, at 90 
DAT, both plant height and number of leaves per plant was significantly 
influenced due to nitrogen amendment with Azotobacter inoculation. 
Application of 75 kg N ha-1 in combination with CBD-15 or M-4 significantly 
improved all parameters over the control treatment with 100 kg N ha-1. Such 
increase in plant height due to Azotobacter inoculation have also been reported 
by (Badaway and Amer, 1974; Martinez et al., 1994) in tomato and (Dibut et al., 
1993; Rita, 1993 and Mandhare et al., 1998) in onion. 
 
2. Days to bulb initiation and maturity 
 
Days to bulb initiation and maturity showed variations both among the 
nitrogen levels and Azotobacter strains. In the absence of nitrogen, inoculation 
of Azotobacter did not significantly reduce the duration of bulb initiation and 
maturity.  Similarly, inoculation of Azotobacter strain in the presence of 25 and 
75 kg N ha-1 resulted in days to bulb initiation and maturity that was 
statistically at par with both uninoculated controls. However, application of 50 
kg N ha-1 along with the inoculation of CBD-15 or M-4 resulted in 4 and 3.7 
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days earlier bulb initiation, respectively over the standard control. Likewise, 
application of the same N level (50kg N ha-1) along with the inoculation of any 
of the Azotobacter strains led to 1.7 to 2.7 days earlier bulb maturity as 
compared to the full dose of nitrogen (100 kg N ha-1) application without the 
inoculation. Similarly, early bulb initiation and maturity in onion was reported 
by Rita (1998) due to Azotobacter inoculation. The earliness in bulb initiation 
and maturity may be attributed to the ability of the bacterium to produce 
growth promoting substances which might have induced bulbing at earlier 
stage and there by enhanced chance of early crop maturity. Further more, 
inoculation along with high dose of nitrogen could not be as effective as 
inoculation along with moderate or lower doses in reducing days to maturity 
due to prolonged vegetative growth period in the former case. 
 
3. Bulb diameter and 10 bulb weight  
 
An overall increase of 11.2% and 8.5% higher horizontal and vertical bulb 
diameter, respectively over the control treatment with 100 kg N ha-1 were 
obtained due to inoculation of CBD-15 along with 75 kg N ha-1 and it was 
closely followed by the treatment with 75 kg N ha-1 + M-4 (Table 1).  The 
values for both treatments were statistically significant when compared to the 
control treatment with 100 kg N ha-1. Similar trend was observed for weight of 
10 bulbs. Amendment of 75 kg N ha-1 through inoculation of either CBD-15 or 
M-4 resulted in 15 and 12.5 % increased weight of 10 bulbs, respectively over 
the control treatment with 100 kg N ha-1 (Table 1). 
 
4. Total and marketable yields 
 
Supplementation of nitrogen fertilizer with Azotobacter inoculation markedly 
increased both total and marketable yields. Supplementing 75 kg N ha-1 
through inoculation of either CBD-15 or M-4 gave an increase of 12.9 and 9.9% 
in total yield; and 15 and 11.9%, respectively in marketable yields over the 
uninoculated control with 100 kg N ha-1. The result also clearly demonstrate 
that inoculation of CBD-15 or M-4 in the presence of 50 kg N ha-1gave yield 
statistically at par with the uninoculated control having full dose of N (100 kg 
N ha-1) there by resulting in a net saving of 50 kg N ha-1. Similarly, (Konde et 
al., 1978 and Rita, 1998) have also reported increased total yield in onion due to 
Azotobacter inoculation. Bhonde et al. (1997) reported the highest marketable 
yield (230.62 q ha-1) in onion due to combined application of Azotobacter and 
50% recommended dose of nitrogenous fertilizer. 
 
5. Soil available nitrogen and bulb nitrogen content 
 
A remarkable increase in soil available nitrogen after crop harvest was 
observed due to supplementation of 75 kg N ha-1 with inoculation of CBD-15 
over the control with full dose of nitrogen as well as over the absolute control 
by giving 23.6 kg ha -1and 104.5 kg ha-1 higher soil available nitrogen over both 
the controls, respectively (Table 2). Inoculation with all the strains except in the 
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absence of applied nitrogen, have furnished the soil with additional quantity of 
available nitrogen compared to the amount that was present before the crop 
was planted (236.37 kg ha-1). Likewise these findings draw support from 
several other earlier reports. Ahmad (1998) reported the highest soil available 
nitrogen due to application of 145g N tree-1 + Azotobacter strain CBD-15 over 
145g N tree-1 + Azotobacter strain M-4 and all other treatments which is in close 
conformity with the present finding.  Nitrogen content in bulbs was 
significantly increased due to supplementation of 75 kg N ha-1 with either 
CBD-15 or M-4 over the control with full dose of nitrogen (Table 2). These two 
treatments gave 0.24 and 0.16 per cent higher nitrogen in bulbs over the 
standard practice and 1.17 and 1.0 per cent higher nitrogen in bulbs over the 
absolute control, respectively. A significant increase in percent nitrogen in 
grain as well as stover of maize was also reported due to Azotobacter 
inoculation along with moderate amount of nitrogenous fertilizer by Meshram 
and Shende (1982). The increase in nitrogen content in bulbs might be due to 
better root development that was achieved as a result of inoculation with 
efficient strains, which led to enhanced nutrient uptake. 
 
 
CONCLUSION 
 
Of the three strains of Azotobacter used, two strains (CBD-15 and M-4) in the 
presence of 75 kg N ha-1 were found to have significantly improved the growth 
and yield parameters, nitrogen content in the bulb and soil available nitrogen 
when compared to uninoculated control with 100 kg N ha-1. An average 
increase of 13.5% in marketable yield was achieved due to effective Azotobacter 
strain inoculation in the presence of 75 kg N ha-1 over uninoculated control 
with 100 kg N ha-1. Inoculation with the effective strains (CBD-15 and M4) also 
enabled a saving of 50 kg N ha-1 with out affecting total and marketable yields 
as compared to the uninoculated control treatment with 100 kg N ha-1. The 
increase in growth and yield parameters in the inoculated treatments can be 
attributed to the multiple effects of Azotobacter such as their ability to fix 
atmospheric nitrogen (Pandey et al., 1989) suppression of pathogenic micro-
organisms (Lakshmi Kumari et al., 1972; Meshram and Jagar, 1983), production 
of growth promoting substances (Brown, 1974, Shende et al., 1975). Moreover, 
its role in solublization of phosphate (Iswaran and Marwaha, 1981) and general 
improvement in nutrient uptake of the plant due to root proliferation might 
have also considerably contributed to enhanced growth and yields of the 
inoculated treatments in these findings.  
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Figure 1. Total and marketable yields of onion as affected by combined 

application of Azotobacter strains and reduced N doses 
 
 Table 1.  Various growth parameters of onion as affected by combined application   

     of Azotobacter strains and reduced N doses 
 

Treat. Plant height (cm) No. of leaves 
per  plant 

Days to 
bulb 

initiation 

Days to 
maturity 

Bulb diameter (cm) 10 bulb weight 
(g) 

    45 
DAT 

   90 
DAT 

  45 
DAT 

  90 
DAT 

  Vertical Horizontal Fresh Dry 

T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
T10 
T11 
T12 
T13 
T14 

30.27 
39.63 
29.80 
36.00 
30.93 
39.40 
35.90 
34.53 
34.77 
32.60 
31.53 
33.30 
36.07 
27.67 

47.87 
59.63 
47.00 
54.43 
49.00 
58.87 
55.23 
53.67 
54.33 
51.03 
50.17 
52.13 
54.00 
44.17 

4.20 
4.87 
4.07 
4.80 
4.32 
4.87 
4.67 
4.55 
4.60 
4.50 
4.40 
4.53 
4.73 
3.39 

7.03 
8.67 
6.80 
8.13 
7.17 
8.53 
7.99 
7.50 
7.97 
7.60 
7.33 
7.60 
8.00 
6.13 

73.33 
70.33 
73.67 
71.00 
73.00 
70.67 
68.00  
69.33 
68.33  
71.67 
72.33 
71.33 
72.00 
74.00 

128.7 
127.0 
129.0 
127.3 
128.3 
127.0 
125.0   
126.0  
125.3  
126.3 
126.7 
126.0  
127.7 
130.0 

4.10 
5.67 
4.00 
5.23 
4.23 
5.60 
5.00 
4.87 
5.03 
4..60 
4..47 
4..70 
5.10 
3.73 

5.33 
6.80 
5.17 
6.17 
5.33 
6.73 
6.23 
6.03 
6.10 
5.63 
5.50 
5.73 
6.27 
4.37 

656.7 
920.0  
640.0 
880.0 
673.3 
900.0 
876.7 
836.7 
860.0 
750.0 
740.0 
770.0 
880.0 
560.0 

56.40 
97.40  
53.30 
89.00 
59.23 
96.83  
86.33 
81.37 
83.20 
69.63 
67.63 
73.30 
83.13 
49.07 

C.D. 
(5%) 

3.20 4.10 0.39 0.51 3.35 
 

1.52 
 

0.42 0.45 37.40 
 

13.57 
 

T1 = 0 kg N ha-1 + CBD-15  
T4 = 75 kg N ha-1 + AS-4 
T7= 50 kg N ha-1+ CBD-15 
T10  =  25  kg N ha-1+ CBD-15 
T13  = Full dose of N (100 kg N 
ha-1) without Azotobacter                
(standard practice) 
 

T2 = 75 kg N ha-1 + CBD-15 
T5 = 0 kg N ha-1 + M-4       
T 8 =  50  kg N ha-1+ AS-4 
T11 =  25  kg N ha-1+ AS-4  
T14 = Without NPK and 
Azotobacter (absolute 
control)                 

T3 = 0 kg N ha-1 + AS-4  
T6 = 75 kg N ha-1+ M-4  
T9  =  50  kg N ha-1+ M-4 
T12 =  25  kg N ha-1+ M-4 
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Table 2: Soil available nitrogen  and bulb nitrogen content  as affected by combined  
            application of Azotobacter strains and reduced nitrogen doses 
 

Nitrogen content (%) Treatment Available nitrogen in 
soil (kg ha -1)  in Bulbs 

 
T1 

 
220.5 

 
2.53 

T2 295.5 3.57 
T3 214.5 2.50 
T4 262.9 3.35 
T5 224.2 2.60 
T6 290.6 3.49 
T7 269.7 3.22 
T8 254.5 3.16 
T9 267.6 3.21 
T10 245.3 2.89 
T11 241.0 2.79 
T12 249.5 2.91 
T13 271.9 3.33 
T14 191.0 2.40 

C.D. (at 5%) 23.40 0.12 
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