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 A field experiment was conducted during dry season of 2007 in the Department of 
Crop Physiology, Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu. 
Experiment consisted of three irrigation (100, 125 and 150% PE) and three fertilizer 
levels (75, 100 and 125% RDF). Drip irrigation at 125% level of water and 100% 
level of recommended dose of fertilizer with biofertilizer treatment performed 
significantly better in terms of available soil moisture percentage and microbial 
populations.  
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INTRODUCTION 

 
Food security in Asia is challenged by increasing food demand and threatened by dwindling water 

resources. Despite the constraints of water availability, rice production must get severely higher over the next 
generation to meet the food needs in the Asian continent. Producing more rice with less water is, therefore, a 
formidable challenge for food, economic, social and water security.Therefore, to mitigate the increasing water 
scarcity, it is necessary to develop a new way of growing rice using less water while maintaining higher yields. 

Aerobic rice is a newer concept to decrease the water requirements in rice production. In the aerobic rice 
culture, the amount of irrigation water applied should match evaporation from the soil and also transpiration by 
the plant. Since, it is not possible to apply irrigation water to the root zone only as in the case of surface 
irrigation, some of it is lost by deep percolation and thus is unavailable for uptake by the crop. Recent studies 
also indicated that rice could be successfully grown completely under aerobic conditions thereby continuous 
submergence and seepage and percolation losses are eliminated [1]. This could be easily achieved using 
sprinkler / drip irrigation with their field application efficiencies of more than 90 per cent in comparison with 
only 60-70 per cent in the case of surface irrigation [2]. Besides cutting down the seepage and percolation 
losses, evaporation from water surface in the rice fields can also be reduced significantly with the drip system, 
since there is no continuous standing water layer. 

In this view, the present investigation wasintendedat raising the yield plateau of aerobic rice grown under 
dripfertigation system in order to increase the efficiencies of applied inputs such as water and fertilizer (both 
inorganic and biofertilizer) for realizing higher monetary returns to the poor and stressed rice farmers. To 
achieve this, objectivewas set out for the present study, to assess the available soil moisture percentage and 
microbial population under drip fertigation technology. 

 
MATERIALS AND METHODS 

 
Field experiment was conducted during the dry season of 2007 in Wetland, Central Farm of Tamil Nadu 

Agricultural University, Coimbatore (110 N and 770 E at an altitude of 426.72 m above Mean Sea Level. 
Coimbatore is situated in semi arid tropics, the normal weather condition of based on the 63 years weather data 
indicated that a mean annual rainfall of 657 mm is received in 47 rainy days. The mean maximum and minimum 
temperature are 31.5 and 21.4 0C, respectively. The relative humidity ranges from 91.0 per cent (0722 h) to 68.0 
per cent (1422 h). The mean solar radiation is measured at 429.0 cal cm-2 min-1. The soil at the experimental site 
was deep clay loam with moderate drainage (Typic haplustalf) (43.6% sand, 9.1% silt, and 45.2% clay). The 
source of irrigation was bore-well water. 
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The fields were dry-ploughed and harrowed. The experiments were laid out in a randomized block design 

consisting of ten imposed treatments with three replicates using drought tolerant, early maturing and semi-dwarf 
PMK (R) 3 rice variety. Raised flat beds were formed and laid out with double channels around all the plots to 
prevent subsoil lateral water flow. Before sowing, the wet seeds were treated with the Azophosmet biofertilizer 
at the rate of 200 g 10 kg-1 of seeds and sprouted, biofertilizer treated seeds were dry-sown by hand dibbling at 
3-cm depth in rows 20 cm apart and covered with soil, in the field for all the treatments at seeding rates of 30 kg 
ha-1except the conventional practice (T1). A pre-emergence herbicide was applied 3 days after the first irrigation. 
A total of 150:50:50 kg N: P2O5: K2O ha-1 was applied taking into account the soil test values.  

Under surface irrigation treatment (T1), irrigation was scheduled at 1.0 IW / CPE ratio to 3.0 cm depth 
throughout the crop growth. First irrigation was given immediately after sowing; life saving irrigation on 3 days 
after sowing and subsequent irrigation was based on the pan evaporation values from USWB Open Pan 
Evaporimeter (OPE) installed at Agromet Observatory in Tamil Nadu Agricultural University. Irrigation 
scheduling was done at 30.0 mm CPE during all the stages of crop growth. The calculated quantity of water was 
applied to each plot through 63 mm PVC pipes. 

In the case of drip fertigation plots (T2 to T10), initial soaking irrigation was given immediately after sowing 
and another life irrigation on 3 days after sowing. Subsequent irrigation was scheduled daily through the drip 
system based on OPE values and the plot size. For biofertigation, authenticated cultures of 
Azospirillumbrasilense sp 7, Bacillus megatherium var phosphaticumPB1 and Methylobacterium sp CO 47 were 
obtained from the Department of Agricultural Microbiology, Tamil Nadu Agricultural University, 
Coimbatore.Application of composite cultures of Azospirillumbrasilense, Bacillus megatherium and 
Methylobacterium sp @ 250 mL (1012 cells mL-1) diluted in 100 litres of water ha-1 was carried out as 
biofertigation. Biofertilizer solution was prepared in the fertilizer mixing tank from which it was allowed through the 
irrigation system during tillering, panicle initiation and flowering stages. In each time, biofertilizer application 
through drip system was done two days after fertigation. 

Following treatments were employed in the study:T1: Surface irrigation given at 3 cm depth with IW / CPE 
ratio of 1.0 + 100 % RDF (Soil application @ 150:50:50 NPK / ha); T2: Drip fertigation at 100 % OPE+75 % 
RDF+Azophosmet; T3: Drip fertigation at 100 % OPE +100 % RDF +Azophosmet; T4: Drip fertigation at 100 
% OPE + 125 % RDF + Azophosmet; T5: Drip fertigation at 125 % OPE +75 % RDF +Azophosmet; T6: Drip 
fertigation at 125 % OPE + 100 % RDF + Azophosmet; T7: Drip fertigation at 125 % OPE + 125 % RDF + 
Azophosmet; T8: Drip fertigation at 150 % OPE + 75 % RDF + Azophosmet; T9: Drip fertigation at 150 % OPE 
+ 100 % RDF +Azophosmet; T10: Drip fertigation at 150 % OPE + 125 % RDF +Azophosmet (OPE: Open Pan 
Evaporation; RDF: Recommended Doses of Fertilizers). 

 
Microbial count: 

The population  dynamics of Azospirillum, Phosphobacteria and Methylobacterium sp. in rhizosphere soil samples 
were made at flowering stage using N-free malic acid medium [4], Sperber’s hydroxyl apatite medium [7] and 
ammonium mineral salt medium [9] for the above three organisms respectively by serial dilution and pour plating 
method. 

 
RESULTS AND DISCUSSION 

 
Available soil moisture as influenced by drip fertigation: 

The time course of percentage of available moisture upto the soil depth of 60 cm was studied at the chosen 
growth stages in the drip fertigated treatments and the data furnished in Table 1. 
 
Table 1: Soil moisture (%) due to drip fertigation treatments at chosen stages in PMK (R) 3 aerobic rice, DS (2007) 

 Treatment Active 
Tillering 

Panicle 
Initiation Flowering Grain Filling Mean 

T1 Conventional method 41.91 39.69 35.83 35.27 38.18 
T2 100 % PE +   75 % RDF + BF 39.06 37.44 33.23 33.03 35.69 
T3 100 % PE + 100 % RDF + BF 38.84 37.68 33.56 33.23 35.83 
T4 100 % PE + 125 % RDF + BF 37.84 37.78 34.14 33.81 35.89 
T5 125 % PE +   75 % RDF + BF 41.23 38.84 36.07 34.88 37.75 
T6 125 % PE + 100 % RDF + BF 40.88 38.90 35.57 34.72 37.52 
T7 125 % PE + 125 % RDF + BF 40.07 39.01 34.85 34.70 37.16 
T8 150 % PE +   75 % RDF + BF 44.50 39.73 37.87 37.17 39.82 
T9 150 % PE + 100 % RDF + BF 43.76 39.92 36.70 35.91 39.07 
T10 150 % PE + 125 % RDF + BF 41.75 40.16 35.82 34.96 38.17 
 Mean 40.98 38.92 35.36 34.77  

 
It is inferred that the time trend of available soil moisture generally tended to decline gradually from active 

tillering to grain filling stages. Mean percentage of available soil moisture was greater in excess water supply at 
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150 % PE level as well as at conventional practice than 125 or 100 % PE level irrespective of the fertilizer levels 
tried.  

Closer analysis of the data further revealed that the available soil moisture was the least with T2 and T3 
especially during panicle initiation, flowering and grain filling stages of growth. Comparatively, the pinch of 
water stress was more realized at flowering and grain filling stages in the above treatments because of increased 
water requirement in these growth stages [12] resulting in higher rate of depletion of soil moisture in the 
specified stages. This is also true for the excess rate of fertilizer application especially in higher water supplying 
situations. 

Though rice crop is traditionally cultivated under lowland ecosystem with continuous flooding, it is also 
possible to grow the crop successfully with the threshold level of not less than 20 per cent depletion of available 
moisture especially with the water saving aerobic ecosystem (G. James Martin, pers. commun.). Beyond this 
threshold level, significant reduction in rice grain yield was observed [3].  

However, in the present investigation, the values of available soil moisture content observed especially 
during critical stages of flowering and grain filling stage in the drip fertigation treatments at 100 % PE level (T2, 
T3 and T4) were well below the afore mentioned threshold level of moistureas suggested for the aerobic rice.  

Therefore, it is inferred that the crops of various biofertigation treatments scheduled at 100 % PE level 
experienced comparatively higher degree of water stress. Hence, the yield reduction as observed in these 
treatments is quite reasonable. 
 
Table 2: Population of organisms in Azophosmet at flowering as influenced by drip   fertigation treatments in PMK (R) 3 aerobic rice 

Treatment Azospirillum 
(105 cfu mL-1) 

Phosphobacteria 
(104 cfu mL-1) 

Methylobacterium 
(104 cfu mL-1) 

T1: Conventional method 9.8 5.7 13.4 
T2: 100 % PE +   75 % RDF + BF 7.1 4.7 14.7 
T3: 100 % PE + 100 % RDF + BF 8.0 5.4 14.6 
T4: 100 % PE + 125 % RDF + BF 8.4 5.1 14.8 
T5: 125 % PE +   75 % RDF + BF 9.8 6.8 17.5 
T6: 125 % PE + 100 % RDF + BF 11.2 6.5 16.7 
T7: 125 % PE + 125 % RDF + BF 14.0 7.2 14.8 
T8: 150 % PE +   75 % RDF + BF 11.2 7.0 15.9 
T9: 150 % PE + 100 % RDF + BF 12.8 7.1 16.9 
T10: 150 % PE + 125 % RDF + BF 13.0 7.2 16.7 
 Mean 10.5 6.3 15.6 
 SEd 0.25 0.15 0.36 
 CD at 5 % 0.53 0.31 0.76 

 
As observed in the present investigation, favourable role of biofertigation supplemented with Azophosmet was also 

reported in several crops like soybean [5], blackgram, groundnut and sugarcane [8] and rice and cotton [11,6,10] 
grown under stress-free situations. Overall effect of biofertigation with Azophosmet in increasing the grain yield 
in these crops were attributable to the availability of nutrients, through nitrogen fixation and production of plant 
growth promoting (PGP) substances like cytokinins, IAA, GA and also vitamins especially B12 produced in the 
rhizosphere soils [11] for making available to the plants. 

The results of the biofertigation with Azophosmet discussed elsewhere in the present study confirmed that 
there was a significant improvement in the growth and physiological parameters which ultimately reflected in 
enhancing the productivity in aerobic rice.  

To substantiate the claim, population count of the three organisms in the composite inoculant of Azophosmet 
was made in the rhizosphere soil at flowering stage and the data (Table 2) indicated that the biofertigated 
treatments were generally found to increase the populations of Azospirillum, Phosphobacteria and 
Methylobacterium sp. than the conventional method of irrigation and fertilizer application. In case 
ofAzospirillum, increased moderate to higher moisture supply (125 and 150 % PE levels) had increased the 
microbial population. This could have facilitated higher rate of nitrogen fixation by the plant in the given 
moisture environment. Similar trend was also observed for Phosphobacteria, possessing higher population in 
the moderate and higher water regimes indicating higher rate of phosphorus solubilization in the soil. In case of 
PPFM, increased population as noticed under moderate to wetter moisture regimes could have favoured the 
production of growth promoting substances (preferentially cytokinins) for facilitating increase rate of 
mobilization of assimilates to the developing ‘sinks’ even under moderate level of moisture availability.      
 
Conclusion: 

Thus, the present investigation show the positive role of biofertigation with Azophosmet, mixed inoculant 
biofertilizer, resulting in better water use and its productivity and increased grain production in aerobic rice 
grown with micro irrigation system. Increased population of PPFM could favoured the production of growth 
promoting substances for facilitating increase rate assimilates translocation to the developing sinks which leads 
to better grain filling in drip fertigated aerobic rice.      
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