CHAPTER 2
REVIEW OF RELATED LITERATURE

Research works with rice for its response to organic and inorganic fertilizer have been carried out in different rice growing countries of the world. So, an attempt has been made in this chapter to present a brief and pertinent review of available literature. Attention has been paid to the application of cowdung, poultry manure and mustard oil cake with chemical fertilizer on the indigenous nitrogen fixing microorganisms’ viz. Azotobacter and Cyanobacteria and the growth, yield and nutrient contents of rice. The information is presented under the following headings:

2.1 Abundance and distribution of indigenous Cyanobacterial population in soil

In fertilized plots of Japan, Ishizawa et al. (1975) observed that the population of Cyanobacteria was 106 g-1dry soil. Its population in fields of Thailand ranged from 1.0 x 103 to 1.0 x 105 g-1 dry soil (Matsuguchi et al. 1975). Araragi et al. (1978) counted the population of nitrogen fixing microorganisms in great soil groups and found the following Cyanobacterial population (number g-1 dry soil) namely, i) Marine alluvial soils: 10 to 104; ii) Brackish water alluvial soils: 100; iii) Fresh water alluvial soils: 103 to 104; iv) Low humic grey soils: 102 to 104; v) Humic grey soils: 104; vi) Non-calcic brown soils: 103; vii) Grey podzolic soils: 104; viii) Grumusols: 104, and ix) Regosols: 100. 

Traore et al. (1978) stated that the population of Cyanobacteria in rice fields of Mali ranged from 103 to 106 g-1 soil. Cyanobacteria in field and forest environments were 8.2 x 105, 2.3 x 105 and 1.6 x 104 cells g-1 soil for the same sites for a one-year old field, two-year old field and forest, respectively (Hunt et al., 1979). In Thailand, Araragi and Tangcham (1979) studied 103 sites of paddy soils and found an average Cyanobacterial population of 103 g-1dry soil.

Beresteskii et al. (1986) claimed that continuous cropping without chemical fertilizer but with green manuring resulted in the maximum numbers of Cyanobacteria in the rhizosphere of rice ranging from 41,200 to 68,700 cells g-1 soil. Nevertheless, the application of 180 kg N ha-1 reduced the population to 23,800 cells.

Roger et al. (1986b) conducted an experiment on the abundance of Cyanobacteria in 13 rice soils of North Luzan. The colony forming units of N2-fixing Cyanobacteria ranged from 8 x 103 to 9.6 x 105 cm-2 soil.

IRRI (1986) reported the Cyanobacterial population in 160 soil samples from 7 countries and N2-fixing strains in all those samples with densities ranging from 1x102 to 8 x 108 CFU cm-2 (media 6 x104). In addition, the heterocystous Cyanobacteria occurred at densities higher than 103 CFU cm-2 in 95% of the samples studied.

Roger et al. (1987) experienced that heterocystous Cyanobacteria occurred at densities ranging from 1 x 102 to 8 x 106 CFU cm2 and comprised on an average 9% of the total CFU of algae. Their abundance correlated positively with pH and available P contents of soils. In soil based inocula, heterocystous Cyanobacteria occurred at densities from 4.6 x 104 to 2.8 x 107 CFU g-1 dry weights comprising only moderate fraction of the total Cyanobacteria.

Ahmed et al. (1990) found that the BGA ranged from 33 to 17 x 103 g-1 in air dry soil, 2330 to 35 x 103 g-1 of field capacity and 17 x 102 to 33 x 104 g-1 soil under the waterlogged conditions.

Mandal et al. (1993) appraised the qualitative distribution of total Cyanobacteria and nitrogen fixing Cyanobacteria and the causes of their variations in a wide range of 58 rice fields. They highlighted that the total number of Cyanobacteria varied from 0.09 x 106 to 3.49 x 106 and that of nitrogen fixing Cyanobacteria between 0.55 x 104 and 18.4 x 104 with a mean of 1.36 x 106 and 3.22 x 104 g-1 soil, respectively.

In Bangladesh, Biswas et al. (1994) studied the BGA in soils from different AEZs and noted that the population ranged from 0.42 x 104 to 28.0 x 104 g-1 soil.

Islam et al. (1994) reported that the population of Cyanobacteria at 0-15 cm depth in BAU Farm; RARS Farm, Jamalpur; and BADC Seed Multiplication Farm, Madhupur were 4.54 x 105, 0.78 x 105 and 0.7 x 105 g-1 soil, respectively. The population was higher in the top 0-0.5 cm soils in all the cases and decreased with the increase in depth.

Ian et al. (1994) observed that the photosynthetic activity in the floodwater of planted plots decreased as the crop season progressed. Mucilaginous colonial BGA proliferated in the zero-N, control and unplanted plots, but were inhibited by the broadcast N fertilizer and green manure incorporation. Deep placement of USG reduced the negative impact of N on BGA.

Khan et al. (1977) conducted an experiment on Cyanobacteria and reported that 39 out of the 41 strains isolated belonged to Oscillatoriaceae and Nostocaceae- and the rest 2 were unidentified. Data for 3 strains showed that N2-fixation was influenced to some extent by Mg, Mn. Zn. Co and K but Cu had little effect.

Hamdi et al. (1978) reported that Cyanobacteria were ubiquitous in Iraqi soils but in low numbers probably because of less moisture contents. In that type of soil, salinity and pH did not appear to limit its growth.

Hashem et al. (1995) observed that the algal population of soils correlated directly with the organic matter, available phosphorus, sulphur and calcium status of soils.

Shaha and Mandal (1979a) reported that the dominant Cyanobacterial genera in alluvial rice soils were Nostoc, Anabaena and Cylindrospermum followed by Calothrix and Mastigocladus. Among the eight unialgal species isolated, three of Nostoc and one of Scytonema were found to be efficient nitrogen fixers, Nostoc muscorum being the first in media with or without combined nitrogen.

Srinivasan (1979) studied the succession of indigenous Cyanobacteria in relation to the growth of rice plants and observed the following species: Chroococcum minimus, Aphanothece pallida, Anabaena doliolum, Nostoc verrucosum, Microcoleus lacustris, Wollea bharadwajae, Anabaena circinalis, Nostoc spaherica, Mcrocystis marginata, Plectonema boryanum, Anabaena sphaerica, Rivularia aquatica and Cylenrospermum muscicola.

Bhuiya et al. (1980) conducted an experiment with different soils of Bangladesh and identified eight genera of Cyanobacteria namely Anabaena, Nostoc, Calothrix, Aulosira, Scytonema, Fischerlla, Nostochopsis and Halalosiphon.

Mazid and Khatun (1980) observed the occurrence of Cyanobacteria in six districts (Sylhet, Mymensingh, Jessore, Faridpur, Chittagong and Comilla) of Bangladesh. They isolated and identified eight genera of nitrogen fixing Cyanobacteria, viz. Anabaena, Aulosira, Calothrix, Cylindrosperma, Gloeotrichia, Nostoc, Rivolaria and Scytonema.

Zimmerman et al. (1980) studied the occurrence of Cyanobacteria in cultivated and non-cultivated soils in Whitman County, Washington for 12 months. Nostoc and Anabaena were found in these soils. Nostoc was being ubiquitous.

Hashem et al. (1982) isolated and identified Anabaena, Nostoc, Scytonema, Phormidium, Tolypothrix Calothrix, and Anabaenopsis genera of Cyanobacteria in soil and water of BAU campus, Mymensingh. And among those Nostoc was observed to be dominant.

Martinez and Catling (1982) reported that in rice fields in Thailand Cyanobacteria associated with deepwater rice culm were Anabaena, Cloeotrichia, Oscillatoria, Chroococcus, Nostoc, Lyngbya and Microchaete.

Shivaprakasha and Shivappashetty (1983) reported that out of 21 species isolated from 27 soil samples from paddy fields of Shimoga, eleven belonged to Anabaena, seven to Nostoc and the rest three to Calothrix, Cylindrospermum and Scytonema.

 Anjum and Faridi (1985) reported a total of 34 genera and 78 species of Cyanobacteria from the dry land of Peswar, Kohat, Bannu and Dera Ismail Khan districts of Pakistan up to a depth of 15cm. Of those, 15 species belonged to 18 genera of Cyanobacteria and 14 were recorded as possible nitrogen fixers.

In Egypt, Kobbia and Shahana (1988) reported sixty Cyanobacterial species from cultivated oasis soils. Twenty five of those belonged to Cyanophyta, 25 to Bacillariophyta, 7 to Chlorophyta, 2 to Euglenophyta and only 1 to Xanthophyta. Cyanobacteria constituted 36-48% of the total population of all soil samples with the filamentous Oscillatoroid forms (Oscillatoria, Phormidium and Lyngbya).

Whitton et al. (1988) observed that Gloeotrichia, Tolypothrix, Aulosira, Anabaena, Cylindrospermum, Nostoc, Scytonema and Alphanothece were the floating forms of genera in the deep water rice fields. Cyanobacteria, which were epiphytes or associated with rice and other hydrophytes, were Gloeotrichia, Anabaena, Nostoc, Scytonema, Aphanothece, Lyngbya, Oscillatoria, Phormidium and Microchaete.

In Bangladesh, Cyanobacterial communities were found as an extensive coverage on soils at five deep water rice growing localities before the availability of flood water. Of those, the principal taxa were Anabaena, Cylindrospermum, Nostoc, Lyngbya, Microcoleus, Porphyroshiphon, Scytonema and Tolypothrix (Rother and Whitton, 1989).

In Uotsuri jima and Kobi-sho islands of Japan, Nakano (1990) collected soil samples and observed 7 species of Cyanobacteria, 20 of Chlorophyta, 2 of Bacillariophyta and 3 of Chrysophyta.

Tsujimura et al. (1998a) estimated the distribution patterns of soil algae in a 14​ year-old farm and its surroundings in the salinized irrigation land of Kazakhstan. Using a culture dilution method, the densities of five groups of soil algae, green colony group (composed of Chlorophytes and Xanthophytes), Chroococcales, Oscillatoriales, Nostocales (Cyanobacteria), and diatoms were determined. The differences in the distribution patterns among the green colony group, the Oscillatoriales and the Nostocales attributed to soil salinity and soil moisture. As the green colony group was more sensitive to salinity than Cyanobacteria, the density decreased at a relatively higher salinization level (EC > 8 dS m-1). The Cyanobacteria, especially the Nostocales, were less affected by such degree of salinization. However, the nostocalean Cyanobacteria occured where salt crusts were observed. These results show that few soil algae occurring at the study site were able to adapt to the land with artificially induced high salinity. Around the sand dune where salt accumulation had never occurred, several species of the green colony group were dominant and few Cyanobacteria were observed.

Jha, et al. (2001) concluded that the rice–mustard–moong (RMM) cropping pattern was more suitable for Cyanobacterial nitrogen fixation than rice–wheat–maize. The cropped plots had higher nitrogenase activity than fallow plots. The low fertility coupled with RMM rotation was best suited for promoting nitrogen fixation by Cyanobacteria to supply the rice plants. A top dressing of chemical nitrogenous fertilizer drastically suppressed the Cyanobacterial nitrogenase activity (ARA) within 12hr; the magnitude of inhibition varied with the cropping system. The inhibition was overcome by the 10th day and the ARA value reached the preapplication value or even higher in the case of low fertility and medium fertility level plots. A regression equation was established to predict nitrogen fixation in a given soil ecosystem.

Lin, et al (2010) demonstrated that different organic fertilizer affect the biomass of soil microbes as well as their diversity trait.

2.2 Abundance and Distribution of indigenous Azotobacter population in soil

The abundance and distribution of Azotobacter in different soils have been studied by different scientist of the world. The distributions of Azotobacter in various soils of USSR are extensively studied using the plate method. Araragi and Tangcham (1979) reported that the count of Azotobacter population in upland soils of Thailand was 2800g-1 dry soil whereas in non volcanic upland soil of Japan, it was only 77g-1 dry soil.

Azotobacter is a free-living nitrogen fixing bacterium belonging to the family of Azotobacteraceae. They are rod shaped, relatively large organisms measuring 2.0-7.0µx1.0-2.5µ; occur singly, in pairs or in irregular clumps, and sometimes in chains of varying lengths, do not produce endospore, but form cysts, gram negative, motile by peritrichous flagella or non-motile and aerobic but can also grow under decreased oxygen tensions. Some strains of all species of Azotobacter produce water-soluble and water-insoluble pigments. Azotobacters in general can fix non-symbiotically at least 10 mg of atmospheric nitrogen g-1 of carbohydrate consumed. Except N2 fixation, Azotobacter synthesizes and secrets considerable amount of biologically active substances and anti-fungal antibiotics. All these factors produce positive effects on crop yield such as wheat by 38.5% (Zahir et al., 1996), rice by 8-22% (Zahir et al.; 1996), maize by 37% (Mishra et al.,1995),pearl millet (Pennisetum glaucum L.) by 22% (Jadhav et al.,1991), sorghum by 9.7% (Mote et al.,1986), cotton by 6.7-26.6% (Shende and Apte, 1982), jute by 17.8% (Mian and Bhuyia,1977a)  and potato by 28.5% (Zahir et al.,1997) over the control.

Subba Rao (1995) reported that the numbers of Azotobacter chroococcum in Indian soils rarely exceeded 104 to 105 g-1 soil.

Vinay Gandotra et al. (1998) detected Azotobacter in 51 soils out of 66 collected from Himachal Pradesh, India. The Azotobacter population varied from 6.7x103 to 62.3x103 g-1 soil, constituting less than 1 percent of total bacteria present in soil.

Satter and Solaiman (1988) observed that Azotobacter counts were lower in the rhizosphere soils of rice than non-rhizosphere soils and the counts in both rhizosphere and non-rhizosphere soils were very much lower in a soil of pH 5.7 than in soils of pH 6.8, 6.9 and 7.3.

Vinay Gandotra et al. (1998) encountered lower number of Azobobacter in acidic soils which increased considerably with increase in soil pH up to 8.5 and there was significant positive correlation between pH and Azotobacter counts (r = 0.444**).

Shilpi et al. (1998) studied in vitro the growth of five Azotobacter strains isolated from the rice rhizospheric soils of the Jahangirnagar University of different pH values. All strains preferred neutral to moderately alkaline condition for their better growth.

Shilpi et al. (1998) reported that the pH of the medium had a very exacting effect on Azotobacter and the optimal pH for its growth was near or slightly above neutrality (7.2 – 7.6).

Joshi et al. (1977) studied the morphological characteristics and N2 fixation capacity of Azotobacter isolated from Katmandu soils and found that N2 fixation varied with soil pH and decreased with decreasing pH values.

Tilak (1998) reported that the pH of the medium had a very exacting effect on Azotobacter and the optimal pH for its growth was near or slightly above neutrality (7.2 – 7.6).

Shaha and Mandal (1980) reported that the application of phosphate and molybdate stimulated the population of Azotobacter both in the inoculated and the uninoculated soils of BGA (Aulosira fertilissima).

Hamdi (1982) reported that strains of Azotobacter normally fix at least 10 mg N g-1 carbohydrate consumed

Shilpi et al. (1998) found that the amount of N fixation by the isolated strains of Azotobacter spp. from rice rhizosphere soils of Jahangirnagar University campus, Savar, Dhaka varied from 0.69 to 1.18 mg N/25ml culture.

Dhillon et al. (1980) conducted field experiments at the Punjab Agricultural University, Ludhiana during 1975-76 and 1976-77 on wheat cv. WG 337 and observed non significant increase in plant N, plant height and ear length over the uninoculated control but effective tillers and number of grains ear-1 increased significantly due to inoculation. Grain yield was increased by 21.7% and 2% over the control during 1975-76 and 1976-77, respectively.

Wani et al. (1985) reported that use of farmyard manure, green manure and other organic manure and fertilizer enhanced the benefits from Azotobacter inoculation.

Sharma et al. (1987) conducted field experiments during 1979-81 on wheat cv. Narmada 4 and found that the grain yield, N content in plant, seed protein and Azotobacter population in soil were increased by Azotobacter and applied N (0-80kg/ha). Azotobacter inoculation saved fertilizer N equivalent to 7kg ha-1 over no inoculation. Azotobacter inoculation and N separately or in combination raised the residual status of the total and available N in the soil.

Ahmed et al. (1987) reported that available P increased up to 20 days and then decreased by the end of 30 days from the treatments of Azotobacter, phosphorus, organic matter and their combination. The release of available P was greater on bacterial inoculation with organic matter and/or phosphorus than with inoculation alone and was greater with Azotobacter chroococcum than with Azotobacter macrocytogenes.

Zambre and Konde (1990) conducted a field trial on clay loam soil by inoculating seeds of wheat cv. NI 747-19, NI 5439, NI 5439, NI 5643 and Triticum durum cv. HD 2189, CC 464, UP 215, Malvik and Sonalika with Azotobacter chroococcum and found increased fertile tillers/plant, plant DW, grain yield and N content of grain, straw and soil at harvest. Grain yield with no inoculation and Azotobacter chroococcum inoculation was 3.32 and 3.85 t/ha, respectively.

Lakshminarayana et al. (1992) from Hisar reported a saving of 30 kg N/ha in wheat due to seed inoculation with Azotobacter chroococcum. Abbas and Okon (1993) found that treating seedling hypocotyls and roots of wheat with culture of Azotobacter paspli changed plant growth and development and significantly increased weight of shoot and roots. Morphological changes of root tips were observed 5 days after inoculation. After 21 days the main effect was observed on the root surface area.

Gill et al. (1993) conducted field trials at 22 locations in Hoshairpur district in India during 1989-90 and found that inclusion of Azotobacter with N and P2O5 and K2O @ 80, 40 and 40 kg/ha respectively gave highest grain yield (3.67 t/ha) of wheat than that of other lower N, P2O5 and K2O combination.

Tyagi and Venkatesh Bhardwaj (1994) examined soil samples collected from a long term fertilizer experiment and found that continuos Azotobacter inoculation on wheat increased N, P and K availability relative to the control. Hernandez et al. (1994) reported that Azotobacter stimulated growth of roots, the whole plant and increased crop yields.

Tomar et al. (1995) carried out field experiments during the winter season of 1991-92 and 1992-93 to evaluate the efficiency of Azotobacter and plant growth regulators on the yield of wheat in relation to N, P and K application and found maximum dry matter plant-1 (16.02g), 1000 seed weight (48g) and straw yield (4.626 t ha-1) from Azotobacter treatment among the plant growth regulators treatments. Application of N, P and K @ 120, 26.20 and 33.33 kg ha-1 respectively + Azotobacter gave the highest grain yield (4.261 t/ha).

Zahir et al. (1996) conducted a field experiment in 1993/94 at Faisalabad, Pakistan on wheat cv. Iqbal. Seed was inoculated and was given 150, 75 and 50kg N, P and K per ha respectively and found that seed inoculation increased grain yield by up to 38.5% whereas straw yield by up to 18.8% compared with the uninoculated control. 

Araragi et al. (1979) reported that the count of Azotobacter population in upland farm soils of Thailand was 2,800 per g of dry soil, whereas in non-volcanic upland farm soils of Japan it was only 77 on average.

El-shahawy and Barakah (1989) studied the microbiology of twelve samples of Saudi Arabia soils, varying in salinity, organic matter, texture and vegetation. Azotobacter counts always exceeded Azospirilla and N2-fixing Clostridia and Azotobacter chroococcum was dominant in soil samples examined. Nitrogenase activity was positively correlated with organic matter content and negatively correlated with salinity.

Koli and Page (1989) studied different soils of Eastern Canada to observe population size of aerobic nitrogen fixing bacteria. The majorities (85%) of these soils were found to contain Azotobacter chroococcum and other members of Azotobacteraceae. These bacteria ranged from 1x102 to 2.5x104 cells g-1 of soil. They also found that there was little effect of soil type on population of these bacteria provided with a soil moisture content of 10-80% and a soil pH of            6.5 to 8.

Shenouda and El-Ghany (1996) carried out an investigation during 1994 and 1995 on sand dune samples from siwa oasis (inland dunes) and from Malrouh at the North Western Coast of Egypt and found that the existence and activities of Azotobacter were low in inland and coastal sand dunes conditions. High wind speed rate, high soil and air temperature, scanty rainfall and organic matter and high salinity content decreased the microbial activities in siwa and dunes compared to the coastal sand dunes of Matrough.

Vinay Gandotra et al. (1998) reported that the N-fixing capacity of Azotobacter isolates from six soils of Himachal Pradesh varied from 2.42 to 9.8, 2.5 to 9.9 and 2.6 to 9.9 mg g-1 of glucose in Burk’s and Jenson’s broths, respectively during 1st, 2nd and 3rd weeks of incubation.

Shende and Apte (1982) found that seed inoculation with Azotobacter chroococcum increased the wheat yield by 16%.

Sharma and Mishra (1986) observed that inoculation of wheat seed with Azotobacter increased the 2 years average grain yields from 1.62 to 1.76 t/ha and CP content from 10.23 to 10.73%. Increasing N rates from 0 to 80 kg N/ha increased the yields from 1.05 to 2.18 t and CP content from 8.54 to 11.67%. The N x inoculation interaction effect was not significant.

Wani et al. (1988) reported that the mechanism by which plants inoculated with Azotobacter derive positive benefit in terms of increased grain, plant bio-mass and N uptake are attributed to small increase in N input from biological N2-fixation, development and branching of roots, production of plant growth hormones, enhancement in uptake of NO3-, NH4+, H2PO4, K, Rb and Fe, improved water status of plants, increased nitrate reductase activity and anti fungal compounds.

Wadad and Vlassak (1988) reported that wheat root growth and plant N content increased significantly with Azotobacter inoculation. Bhandari et al. (1989) carried 65 field trials on ‘PBW 2265’ wheat during the winter seasons of 1985-86 and 1986-87 in Patiala district, India and found that the yield of the crop increased significantly with an increase in N level applied with Azotobacter inoculation. The highest yield was recorded (4.01 t/ha) from the treatment N80P17.5K33.3 + Azotobacter inoculation.

Kader, et al., (2002) reported that the yield components of wheat viz. plant height, filled spikelets spike-1, spike length and the number of grain spike-1 were influenced significantly by the treatments. The highest grain yield of 780 mg plant-1 i.e. 84% increase over the control (425 mg plant-1) was obtained due to the treatment of 168 kg Nha-1 as urea + Azotobacter + Cowdung which did not differ significantly from the yield obtained (687 mg plant-1, 732 mg plant-1 and 715 mg plant-1) with the application of 240 kg N ha-1 as urea, 192 kg Nha-1as urea + Azotobacter and 168 kg Nha-1 as urea + Cowdung, respectively. There was 18% increase in grain yields due to using Azotobacter inoculant only over the control, which was not statistically significant. The straw yields showed a similar pattern. Azotobacter inoculation also influenced the root growth significantly. Total N uptake in grain, straw and root increased significantly due to different treatments. The highest N uptake (23.17 mg plant-1) was recorded with the treatment 168kg Nha-1 as urea + Azotobacter + Cowdung and the lowest with the control (11.03 mg plant-1). The total N uptake was increased by 89, 36, 101, 88 and 109% over the control due to 240 kg Nha-1 as urea, Azotobacter only, 192 kg Nha-1 as urea + Azotobacter, 168kg Nha-1 as urea + Cowdung and 168kg Nha-1 as urea + Azotobacter + Cowdung, respectively. Azotobacter either alone or in combination with urea N had some beneficial effects on the yield of wheat, which amounted to saving about 20% of urea N.

Adediran et al. (2004) observed that the application of compost and the combination of organic and inorganic fertilizer led to a fairly high population of N2-fixing Azotobacter and thus its biomass. The inorganic fertilizer however, caused a sharp reduction in microbial biomass in the soil.

El-Hady et al. (2006) reported that soil conditioning positively affect chemical and biological properties of the soil. These effects are assembled in the following: (a) slightly decreasing soil pH, (b) increasing both CEC of the soil and its specific surface area indicating an improvement in activating chemical reactions in the soil, (c) increasing OM, organic carbon and total nitrogen % in the soil, Because the increase in total nitrogen is higher than that of organic carbon, narrower C/N ratio of treated soils were obtained indicating the mineralization of organic nitrogen compounds and hence the possibility to save and provide available forms of N to growing plants; (d) increasing N, P and K in treated soil, (e) improving the biological activity expressed as total count of bacteria, i.e. Azotobacter sp., PDB, fungi and actinomycetes g-1 soil and the activity of both dehydrogenase and phosphatase. 

Kulvinder, et al. (2008) cited about larger population of Azotobacter chroococcum and Rhizobium leguminosarum biovar trifolii in the rhizosphere of wheat and Egyptian clover respectively, in soils receiving organic fertilizer either alone or in combination with chemical fertilizer than in soils given chemical fertilizer.

Mujiyati and Supriyadi (2009) reported that the manure could increase the population of bacteria as many as 0.02% (Azotobacter) and 0.46% (Azospirillum) when those were compared to the control one.

2.3 Effect of integrated use of organic and inorganic fertilizer on the growth and yield of rice

Sharma et al. (1987) observed better crop growth and improved soil productivity due to FYM and N fertilizer which resulted in significant improvement in yield and yield attributes of rice and wheat leading to higher grain yields compared to the unfertilized plots.

Singh and Nambiar (1988) concluded that incorporation of FYM of 10-15 t ha-1 (along with optimum rates of N, K, K) increased the yield by 0.8-1.2 t ha-1 over the optimum nutrient inputs.

Apostol (1989) reported that the performance of rice varieties was significant in terms of panicle length, productive tillers hill-1 and weight of 1000 grains with organic and inorganic fertilizer.

Haga and Dayag (1989) observed that application of organic and inorganic fertilizer at the 50: 50 ratio gave the best yield of rice.

Ahmed and Rahman (1991) reported that the use of organic matter with chemical fertilizer raised tiller number, panicle length, grain and straw yield of rice.

Banerjee et al. (1992) reported that application of 10 t FYM ha-1 on rice cv. subarea at transplanting and 10 kg N ha-1 at the tillering and panicle initiation stage gave the highest yield (2.90 t ha-1) among fertilizer treatments.

Hussain and Jilani (1992) found higher yield of paddy with FYM + prilled urea than did prilled urea alone.

Malik and Jaiswal (1993) obtained the highest grain yield of rice 4.32 t ha-1 by applying 58kg N as USG + 29kg N as FYM. They also concluded that two thirds of chemical N could be substituted by organic N (FYM) without any yield loss depending on the rate of N applied to rice crop.

Ghosh et al. (1994) found increased grain yield of rice when inorganic-N  (50kg N ha-1) was applied alone or when combined with organic (10 t FYM ha-1) and inorganic N fertilizer (29kg N ha-1) were applied compared to the organic sources (20 t FYM ha-1) alone.

Bhardwaj and Tyagi (1994) reported that the highest grain yield of rice was obtained with an application of the recommended dose of NPK fertilizer + 15 t FYM ha-1.

Sarker et al. (1994) reported that the highest mean rice yield (3.4 t ha-1) was obtained with the application of 75% of the recommended NPK rate + 10 t FYM ha-1.

Kamiyama et al. (1995) reported that the application of chemical fertilizer with FYM produced the highest grain yield of rice.

Dubey et al. (1997) revealed that the total grain production of the crop system were not significantly different between application of 100% NPK to each crop and application of 75% NPK plus 6 t FYM or Sunnhemp green manuring or 50% NPK plus 12 t FYM or green manuring.

Hossain et al. (1997) found that the combined use of organic manures with NPKS improved the levels of S in rice grain.

Sanzo et al. (1997) reported that rice yield generally increased with increasing rates of manure and better results were found in combination with NPK.

Shukla et al. (1998) conducted a field experiment using twelve fertilizer treatments comprising of different combinations of 50-100% of recommended NPK applied as inorganic fertilizer and 25-50% applied as compost, FYM, green manure or crop residues and finally proposed that integrating animal and green manure with chemical fertilizer improved the productivity of the rice-​rice system.

Thakur and Patel (1998) showed that the highest grain yield (3.84t ha-1) was experienced with the application of 80kg N ha-1 in three split doses with 5t FYM ha-1.

Baruah et al. (1999) observed that a significant increase in the available NPK, uptake of NPK and yield in the treatments receiving both the organic and inorganic sources. Moreover, organic matter treated soil showed a better residual effect as compared to the chemical fertilizer applied in soil.

Choubea et al. (1999) studied the effects of chemical fertilizer alone or with FYM on the rice yield and observed that the yields were highest with the higher NPK + FYM rate.

Ghosh and Sharma (1999) reported that the application of 10t FYM ha-1 gave the similar grain yield of rice to that obtained with 20 or 40kg N ha-1 and the greatest yield was obtained with FYM + N.

From a long-term experiment Guoquing et al. (1999) observed that the high crop yields were sustainable over a period of 12-16 years through the continuous application of inorganic NPK fertilizer and yields were mainly restricted by insufficient N nutrient. Supplementing NPK fertilizer with organic manure could further increase rice yield.

Sharma (1999) reported that the application of 10t FYM ha-1 resulted in either same or significantly higher grain or straw yields than with 40kg N ha-1 applied basally through urea.

Brahmachari and Mondal (2000) had the highest grain rice yield when both organic and inorganic sources of nutrients N : P : K at 30 : 60 : 30 kg ha-1 and 10t FYM ha-1 were applied.

Dahiphale et al. (2000) stated that FYM @ 8t ha-1 + 75% of the recommended rate (N : P : K at 75 : 50 : 50kg ha-1) resulted in higher panicle length, crop yield, number of filled grains panicle-1 and panicle weight.

The results obtained by Ram et al. (2000) revealed that the use of 30kg N from the organic sources in a total application of 120kg N increased the grain and straw yields, N uptake and recovery; and grain nutritive value of rice.

Rajinder et al. (2000) observed that the yield of rice increased with up to 100% of recommend NPK, but replacement of 25 or 50% N with green manure, FYM or wheat straw generally gave similar yields.

Sial and Khuhro (2000) demonstrated that the organic manures particularly FYM, significantly quantified plant height, fresh and dry root weights while inorganic fertilizer resulted in greater plant height, more fresh and dry weight, root diameter and grain yield of wheat.

Sengar et al. (2000) reported that the application of N fertilizer and manure significantly increased the yields of rice compared to the control and PK treatments. The higher grain and straw yields of rice were obtained in the treatment recovery of 1/2 FYM + NP (2.58 and 4.90t ha-1, respectively) followed by NPK+FYM 2.49 and 5.71 t ha-1.

Subbiah and Kumaraswamy (2000) revealed that any organic manure @ 5t ha-1 plus recommended levels of N, P2O5, K2O and gypsum gave significantly higher rice yield than the treatment receiving N, P2O5 or K2O alone.

Swarup et al. (2000) had the maximum yield of rice with 100% NPK plus green manure (Sesbania) followed by 150 and 100% NPK plus FYM.

Babu et al. (2001) found that the individual and the combined application of organic manures alone with chemical fertilizer (100%) and 75% recommended doses of chemical fertilizer (120 : 38 : 38kg of NPK ha-1) had significant effects on plant growth, yield characteristics and grain yield of rice.

Luu, et al (2001) reported that the continuous application of 100% organic fertilizer increased rice yield (13.9%) over control and continuous application of 50% organic fertilizer in combination with 50% inorganic fertilizer increased rice yield over control 22.5%. The microbial population’s dynamics in soil showed that the application of 50% organic fertilizer in combination with 50 % inorganic fertilizer exhibited higher microbial communities as compared to 100% inorganic fertilizer application and control treatment.

Maoda (2001) noticed that the highest yield of rice in the field with FYM plus a small amount of chemical fertilizer. In the field with continuous application of a small amount of chemical fertilizer without FYM, spike number gradually decreased after several years, suggesting the reduction in soil fertility. With the Continuous application of heavy fertilizer without FYM, the yield was as high as that in the field with continuous application of FYM plus a small amount of chemical fertilizer.

Mondal and Roy (2001) stated that the increased yields of potato, jute and rice in both the organic manures and inorganic fertilizer treated plots were 26.2, 30.5 and 48.3%, respectively.

Pandey et al. (2001) reported that sunhemp, FYM and green gram combined with pilled urea (PU) proved better than PU alone exerted similar effect on panicle No. m-2, grain and straw yields of rice. Similar effects of that organic manure on nitrogen uptake by rice straw and grain were also observed.

Puste et al. (2001) observed that the application of inorganic N in combination with organic sources exhibited a significant increase in rice yield (3.60-3.84) compared to the yield from the sole application of N (3.19 to 3.26 t ha-1).

Ranjha et al. (2001) found that the combination N + P + K + Zn + FYM resulted in the tallest plant (92.29cm), grains panicle-1 (111.33), 1000 grain weight (19.48g), grain yield per plant (53.67g) and straw yield plot-1 (57.73g).

Singh et al. (2001) reported that the application of FYM @ 10 t ha-1​ produced 4.64% higher yield than the control.

Solaiman et al. (2001) reported that rice grain and straw yields increased markedly with the nitrogen application, alone or in combination with FYM, green manure and BGA over the unfertilized control. The highest grain yield (34 q ha-1) was recorded upon treatment with 30 kg N ha-1 + green manure + FYM + 10 kg BGA ha-1, 30 kg N ha-1 + green manure and 30 kg N ha-1 + 5 t FYM ha-1 significantly increased grain yield compared with cowpea as green manure before rice.

Tiwari et al. (2001) conducted a field experiment in Kanpur, Uttar Pracesh, India under rice-wheat system grown on partially reclaimed soil to determine the effect of FYM. There was a linear increase in yield of rice with increasing levels of FYM with the highest yield obtained @ 10t ha-1of FYM.

Ahmed and Reddy (2002) conducted two field experiments for optimizing fertilizer requirement through FYM and greed manuring, apart from inorganic fertilizer N, P and K nutrients for rice. A ready reckoned had been give in the paper for interpolating optimal fertilizer doses under 3 situations: inorganic fertilizer alone, inorganic + FYM, and inorganic + green manure categorized at varying soil test values for attaining 35 and 45q ha-1of rice yield in alluvial soils.

Beena and Balachandran (2002) found that the grain and straw yields of rice receiving 100% NPK + FYM to Kharif rice only were significantly higher (3119 and 3956 kg ha-1, respectively) ttan other treatments receiving NPK fertilizer.

Chettri et al. (2002) reported that the highest number of effective tillers hill-1, grains panicle​-1, % filled grains, 1000-grain weight, grain yield (44.05q ha-1) of rice were obtained with the application of 60kg N, 30kg P205 and 30kg K20 ha-1 with 10 t FYM ha-1.

Vanaja and Raju (2002) conducted a field experiment for one year (1996-97) in sandy loam soil having pH of 8.4 at the Student's Farm College of Agriculture, Hyderabad. Organic manures (FYM, poultry manure) and BGA, Azospirillum alone and in combination with inorganic fertilizer nitrogen were studied on rice. The relationship between the total dry matter production at maturity, and total uptake of nutrients (N, P and K) were highly significant.

Ghosh and Singh (2003) observed that grain and straw yields increased with the increasing rates of FYM and N fertilizer.

Thangavel et al (2003) showed that both the vermiwash and vermicast extracts increased the growth and yield of paddy. The maximum plant height (68.5cm), grain yield (6.7t ha-1) and straw yield (7.65t ha-1), respectively.

Jamil et al. (2004) cited that all the yield components of wheat increased significantly with increasing rates of sewage sludge as compared to control. However, significantly maximum spike length (12.20cm), number of productive tillers plant-1 (5.25), number of grains spike-1 (44.75), grain yield plant-1 (7.57 g) were obtained where sewage sludge was applied @ 40 t ha-1. 1000-grain weight was maximum (45.78g) in the treatment receiving sewage sludge @ 60t ha-1 while plant height (88.90cm), number of tillers plant-1 (6.00) and straw yield plant-1 (15.04g) were significantly higher with 80t ha-1 sewage sludge.

Lakho et al. (2004) showed the superiority of 3000 kg FYM ha‑1 in combination with 120kg N ha-1. The physical productivity (59796.65kg ha-1), revenue productivity (Rs. 74745.81ha-1), net benefit (Rs. 58086.81 ha-1) and cost-benefit ratio (1:4.48) were greater compared to other treatments.

Tran Thi Ngoc Son et al. (2004) showed that the application of organic and bio-fertilizer could be substantiated N inorganic fertilizer to an extent of 40–70kg N ha-1 while some important agronomic characters and grain yield of rice –soybean- rice were comparable to the control (conventional dose applied by farmers) due to cumulative effect. 

Brahmachari et al. (2005) reported that the productivity of rice was the maximum when this crop in sequence received both organic and inorganic sources of nutrients (N40P20K30 + FYM @ 10t ha-1). In the experiment the relationship of K content of rice plants with hulling percentage and the milling % of grains were significantly positive.

Shekhar et al. (2005) argued that the increase in panicle number by 29.3 and 47% under recommended fertilizer+2.5t/ha FYM and 200% fertilizer level, respectively, over control. Panicle weight was maximum and 46% higher under 150% fertilizer level than under the control. On the basis of the overall mean 100, 150 and 200% fertilizer levels brought increments of 50.4, 53.8 and 54.9% in the grain yield of rice compared to the control. Likewise, overall straw yield increased by 76.9, 91.2 and 95.8% with the application of 100, 150 and 200% fertility levels compared to the absolute control. 

Ranjan et al. (2006) reported that the substitution of N upto 50% either through GM or FYM resulted in the reduction of straw yield compared to urea alone. There was hardly any accumulation of NO3-N in soil, though NH4-N content remained sufficiently high upto 55 DAT. Application of urea along with FYM or GM significantly improved its use efficiency (8-15 %) over that of urea alone.

Ronajoy et al. (2007) observed that the yield of conventional rice farms is 23% higher than the organic rice farms but its high input costs and lower farm gate price lowered the net returns. Though the difference was not significant, the returns above total costs of organic farming were higher than the conventional rice farming.

Rice straw integrated with 40kg N ha-1 of inorganic fertilizer and applied at a suitable time had a positive effect on N uptake derived from rice straw but the higher rates of rice straw application had an adverse affect on N uptake by the rice crop. (Ebid et al. 2008).

Sarwar et al. (2008) demonstrated that crop yields significantly increased with the use of compost in combination with chemical fertilizer (3.94 for rice and 5.73t ha-1 for wheat), FYM (3.36 for rice and 4.38t ha-1 for wheat) and Sesbania green manure (2.86 for rice and 3.50t ha-1 for wheat). However, compost proved superior to farmyard manure as well as Sesbania green manure. 

Ali et al (2001) observed that the application of 70% NPKS + PM produced the highest grain yield of T. Aman rice, which was identical to that obtained with 100% NPKS with no manure. In Boro season, application of 100% NPKS produced the highest grain yield of 6.87t/ha, which was identical with the application of 70% NPKS + PM (6.57t/ha) and concluded that the application of 3t ha-1 PM once in a year with 70% NPKS can reduce the use of 30% NPKS as fertilizer. There were negative balances for N and K with the highest mining of K, while the balances for P and S were positive.

Banik and Sharma (2009) had the maximum grain yield and harvest index of rice grown after the harvest of winter crops on residual soil fertility where 100% nutrient was applied through organic manure to the previous winter crops. Lentil-rice grown on 25% N nutrient supplied through VC and 75% through inorganic fertilizer recorded the highest rice equivalent yield. 

Shahnawaz et al. (2009) found that a higher paddy, straw and total dry matter yields of 5.00, 6.24 and 11.24t ha-1 in WB-SMC @ 5 t ha-1 with fertilizer N @ 90kg ha-1 and 5.26, 6.80 and 12.05t ha-1 in WB-SMC @ 5 t ha-1 with fertilizer N at 120kg ha-1 confirmed the superiority of the WB-SMC over OY-SMC, which produced 3.57, 4.62 and 8.18t ha-1 with fertilizer N @ 90kg ha-1 and 4.17, 5.32 and 9.48t ha-1 with fertilizer N @ 120kg ha-1 respectively.

Sathish et al. (2010) observed that the treatment receiving 25% N through paddy straw and 75% NPK through inorganic fertilizer recorded higher yield, nutrient uptake response and nutrient use efficiency in rice. The treatment receiving 50% N through FYM and 50% NPK through inorganic fertilizer in kharif followed by 100% NPK through inorganic fertilizer showed higher yield, nutrient uptake response and nutrient use efficiency in maize. Hence, minimum 25-50% N should be supplied through organic sources to derive maximum benefit depending on the availability of resources.

Haque et al. (2010) reported that 75% recommended dose of fertilizer + vermicompost @ 2 t ha-1 gave significantly the highest values of all the yield parameters and grain yield (43.71 q ha-1) of rice.

Kavitha et al. (2010) found that the highest yield and quality of edible parts were received in the treatment of sewage sludge applied @ 40t/ha followed by 20t/ha. In the combined treatments, sewage sludge @ 40t/ha along with 100% RDF and sewage sludge @ 40t/ha along with 75% RDF were equally effective in increasing the yield and quality of edible parts in both the crops. The highest B: C ratio was obtained in sewage sludge @ 40t/ha with 75% RDF (3.88).

Sridevi et al (2010) revealed that the recommended dose of NPK+200kg FYM enriched with 5.0kg zinc increased the grain and straw yield which was due to increased availability of zinc. Uptake of nitrogen, phosphorus and potassium, and zinc uniform trend with the highest uptake in the plots receiving recommended fertilizer with 200kg of FYM or cowdung enriched with 2.5 or 5.0kg Zn when compared to control.

Zhongpei et al (2010) reported that the long term combined application of organic and inorganic fertilizer increased the rice yield along the cultivation years steadily but late and annual rice was fluctuant between different years. Soil organic carbon, total N content of surface soil increased.

Ming et al (2011) cited from farm organic and inorganic fertilization that the annual rice yields and straw biomass was increased steadily. Rice yields in treatments with organic amendments were usually higher than that in treatment with NPK. A content of SOC and total N in soil was also increased gradually in the cultivation years.

Aziz et al (2011) cited that 50% reduction of chemical fertilizer on soil test base (STB) along with shusama organic fertilizer may be a good combination of organic and inorganic fertilizer for sustaining soil fertility and increasing T. aman rice yield.

Hossaen et al (2011) reported that the maximum number of effective tillers per hill, the longest panicle, maximum number of total grain per plant, the highest weight of 1000 seeds, the maximum grain yield and straw yield was recorded from 70% NPKS + 2.4 t poultry manure ha-1 treatment.

Mehdi et al (2011) showed that different combinations of organic manures with chemical fertilizer increased paddy and straw yield significantly over application of organic manures alone. The NPK contents both in paddy and straw were increased significantly by applying various combinations of organic manures with chemical fertilizer over application of organic manures.

Siavoshi et al (2011) revealed that the grain yield and yield components of rice were increased due to the application of organic fertilizer. The increase in the grain yield was may be due to the increase of 1000-seed weight, panicle number, number of fertile tiller, flag leaf length, number of spikelet, panicle length and decrease number of hollow spikelet per panicle.

Adamu et al (2012) cited that the complementary use of organic (poultry dropping and cow dung) and inorganic fertilizer (urea) increased the yield and yield attributes of upland rice in Nigeria.

Yi-Ren Liu et al (2012) observed that the combined application of organic and inorganic fertilizer decreased the soil microbial biomass carbon and nitrogen and soil mineral nitrogen contents before tillering stage, but increased them significantly from heading to filling stage. Combined application of inorganic and organic fertilizer also promoted the propagation of soil microbes, and consequently, more mineral nitrogen in soil was immobilized by the microbes at rice early growth stage, and the immobilized nitrogen was gradually released at the mid and late growth stages of rice, being able to better satisfy the nitrogen demand of rice in its various growth and development stages.

2.4 Effect of integrated use of organic manures and inorganic fertilizer on soil properties

Kwun et al. (1984) found that continuous application of P increased P concentration and FYM application increased organic matter, available P. exchangeable K and CFC in Soil.

Mbagwu (1989) stated that application of organic amendments decreased soil bulk density and increased the total porosity of soil.

Verma and Dixit (1989) observed that application of straw mulch and FYM increased the uptake of' N. P and K with and without applied nitrogen at tillering as well as harvest stages.

Suzuki et al. (1990) reported that total C, total N and the amount of N mineralized in the organic fertilizer plot yearly gradually increased during 60 years.

Hussain et al. (1991) reported that rice cv. Basmati-385 yield was 1.71 t/ha without fertilizer and 4.32 t with 60 kg N, 40 kg P2O5, 30 kg K2O and 5 t FYM ha-1. Applying double these fertilizer rates gave no further yield increase. 10 t FYM ha-1 without inorganic fertilizer produced 3.54 t grains ha-1 and gave the highest value: input cost ratio.

Karim et al. (1991) found that nitrogen; organic carbon and phosphorus contents were increased by the application of manures.

Kundu and Pillani (1991) reported that organic manures play an important role in improving soil fertility and sustaining the productivity of rice.

Nambiar (1991) reviewed that integrated use of organic manures and chemical NPK fertilizer would be quite promising not only in providing greater stability in production but also in maintaining higher soil fertility status.

Sharma and Mitra (1991) found that a significant increase in N. P and K uptake by the crop and also the nutritional status of soil with 5 t ha-1 of FYM in rice base cropping system.

Swarup (1991) reported that the addition of organic manures into the soil has increased organic matters content, total N, and improved soil structure and increased paddy yield.

Bhatnagar et al. (1992) reported that soil porosity was significantly greater in treatments with continuous application of FYM.

Bharadwaj and Tyagi (1994) reported that the highest grain yield was obtained with the application of recommended NPK fertilizer + 15 t FYM ha-1 and the lowest was control.

More (1994) reported from 3-year study that application of 25 t ha-1 FYM plus 20 t ha-1 presmud decreased the soil pH and increased organic matter content and available N. P and K in soil.

Rao and Moorthy (1994) reported that the combined application of organic and inorganic fertilizer increased the grain and straw yield of rice over organic or inorganic fertilizer applied alone.

Sharma and Sharma (1994) reported that the application of organic fertilizer increased soil organic carbon content and the availability of soil N. P and K.

Yadvinder et al. (1994) reported that soil organic C, available P and K contents significantly increased by application of FYM + urea and green manure + FYM.

Rajput (1995) observed that application of organic matter through farm wastes with 50% or more N gave higher gain yield.

Gao and Chang (1996) reported that the total organic carbon content and total nitrogen content at the 0-15 cm and 15-30 cm depths increased with increasing rates of manure. 

Medhi et al. (1996) reported that incorporation of organic and inorganic sources of N increased organic matter and NH4+-N in soil to a peak level.

Palm et al. (1996) stated that organic materials influence nutrient availability in soil (i) by nutrients added (ii) through mineralization-immobilization pattern (iii) as an energy source for microbial activities (iv)as precursors to soil organic matter and (v) by reducing P sorption of the soil.

 Zhang et al. (1996) showed that the content of soil organic matter and total soil N, P and K was increased and soil fertility was enhanced by the combined application of organic and inorganic fertilizer.

Miah et al. (1997) observed that three multipurpose tree legumes inter cropped with upland rice and mungbean showed positive changes in soil fertility except soil pH and exchangeable Mg. They recorded an increase in organic C by 90%, total N by 11.6%; available P by 11.2% and exchangeable K by 10.6%.

Sarkar and Singh (1997) reported that organic fertilizer alone or in combination with inorganic fertilizer increased the level of organic carbon in the soil as well as the total N, P and K content in soil.

Vanlauwe et al. (1997) reported that due to absence or high cost of mineral fertilizer, cropping systems in the tropics rely to a greater extent on the use of plant residues to maintain soil fertility.

Xu et al. (1997) observed that application of organic matter affected soil pH value as well as nutrient level.

Mathew and Nair (1997) stated that cattle manure applied alone or in combination with chemical fertilizer of NPK increased the organic P contents in soil.

Zhang et al. (1998) reported that organic manures increased labile, moderately stable and stable organic P contents in soil.

Chaphale and Badole (1999) reported that incorporation of Glyricidia foliage increased organic C, total N, available P, exchangeable K. water holding capacity and decreased the bulk density of soil.

Ravankar et al. (1999) observed that organic C, total N and available P205, K20, S and Zn in the soil were increased by the application of organic sources of nutrients compared to the inorganic sources.

Gupta et al. (2000) revealed that combined application of urea and FYM significantly enhanced organic carbon and available N status over similar N addition through urea alone. Available P and K content of the soil decreased with successive rise in levels of N addition through urea whereas the status of the nutrients increased in plots receiving combined application of urea and manures. DTPA- extractable Fe, Mn and Cu decreased from their respective initial status.

Hemalatha et al. (2000) revealed that green manure significantly improved the soil fertility status, organic C, available N, P and K in the post-harvest soil.

Zaman et al. (2000) reported that chemical properties like organic matter content, CEC, total N, exchangeable K, available P and S were favourably influenced by the application of organic sources of N and K while the inorganic sources mostly did not show positive effect. Soil pH decreased slightly from the initial status.

Haque et al. (2001) reported that Samanea saman and Dalbergia sissoo tree pruning markedly improved the level of N, P, K and organic C in soil and a positive improvement was observed in soil fertility from the application of tree pruning.

Singh et al. (2001) studied on the direct and residual effects of nutrient management practices in transplanted rice and reported that integrated use of FYM and NPK gave significantly maximum rice yield of 3.34 t ha-1.

Cho and Kobata (2002) reported that recycling of crop residues in the wheat-rice cropping system generally increased the soil organic matter (OM) contents but reduced the level of available P2O5 compared with the conventional system. Generally the soil was fertile with a high initial organic matter contents. Organic matter was increased by 30% during the 7 years of wheat- rice cropping. Other soil physical features, bulk density and permeability to air and water indicated that soil structure could be improved in response to wheat-rice cropping. Seasonal variability of soil microorganisms suggested that 7 year cropping could improve soil physicochemical characteristics but mineral contents in relation to cation exchange capacity (CEC) would decrease after 4-years cropping. Soil tillage may adversely affect soil microbial dynamics.                                     

Egashira et al. (2003) reported that the application of organic residues improved the soil fertility status.

Jan et al. (2003) found that fertilizer-N enhanced emergence while legume residue (soybean) achieved higher number of plant emergence in and taller plants but delayed flowering. It indicated the beneficial effect of leguminous residue particularly soybean plant material incorporation for wheat production.

Yaduvanshi (2003) conducted an experiment for four years and opined that addition of green manure or FYM resulted in higher removal in crops, increase of soil N, P, K and organic C and reduced soil pH.

Baig et al. (2004) reported that organic manure increased the soil fertility status.

Escosteguy et al. (2005) opined that the application of crop residues improved soil fertility.

Tiro et al. (2006) cited that Organic amendments had positive but variable effects. In Ludhiana, FYM application increased total C and N, permanganate-oxidizable C, and hot-water-extractable C (HWEC) by 40 to 70% relative to the control after 20 yr and maintained HWEC and total N with time. In the other treatments, HWEC and total N showed declining trends with time, whereas total C increased by 17% on average. In Bhairahawa, although total organic C and N increased with organic amendments after 15 yr, HWEC did not.

Khadka et al (2008) claimed that the combined use of organic and inorganic fertilizer increased rice yield; and the total nitrogen, available phosphorus and organic carbon contents in the soil.

Khan and Qasim (2008) observed that total porosity of soil, available P, S and K, Fe, Mn, Zn and Cu content in soil, increased with the levels of boiler ash application. On the other hand, dry bulk density declined which is a positive effect. ECe and pH of the soil was minutely increased. Yields and most of the yield components of wheat crop in pots, as well as in the field experiment, also increased due to boiler ash application.

Kulvinder et al. (2008) reported that the application of farmyard manure, poultry manure, and sugarcane filter cake alone or in combination with chemical fertilizer improved the soil organic C, total N, P, and K status.

Parmar and Patel (2009) reported that application of different nitrogen management decreased the pH and increased the EC than initial value of soil test. The maximum available N and S content in soil recorded with application of 75% RDN through urea +25% RDN through gliricidia compost treatments. The organic carbon, available P and K content in soil was maximum under application of 50% RDN urea and 50% RDN through gliricidia compost, while maximum DTPA-extractable Zn and Fe content in soil was noted under application of 50-50% RDN applied through urea and gliricidia compost.

Ayeni and Adetunji (2010) found that the combined application of poultry manure and inorganic fertilizer increased significantly soil organic matter, N, P, K, Ca, Mg, Fe; plant height, and grain yields of maize in Nigeria. 

Bodruzzaman et al. (2010) observed that Organic manures had direct and residual effects on rice and wheat yields from 11 years study. Soil pH was increased in plots with PM and unchanged in inorganic fertilizer and FYM. Percent organic matter (OM) was reduced (13 to 19%) with inorganic fertilizer and increased (7 to39%) with organic manures. Percent total N (Nitrogen) was unchanged in OM plots, but reduced in others. Available P (Phosphorus) increased dramatically in PM plots and was reduced in control plots. Exchangeable K (Potassium) was reduced in control and inorganic fertilizer treatments, but was sustained for others. After 9 years, %OM, % total N and exchangeable K were reduced further in inorganic treatment and increased in OM treatments. The soil pH increased in PM receiving treatments.

Li et al. (2011) proposed that compared with chemical fertilizer (CF) treat​ment, the microbial biomass C and N contents (+89%, +74%), soil basal respiration rate (+49%) and soil microbial quotient (+45%) in PL and LM treatment were significantly greater. Significant linear correlations were found be​tween soil organic carbon and most soil physical and biological properties. The results suggested that modern intensive farm manures can be alternate chemical fertilizer as a main fertilizer to improve soil physical and biological indicators in a rice-wheat system.

Liang et al. (2011) claimed that FYM significantly increased soil organic carbon (SOC) and total nitrogen (TN) concentrations in the 0–30 cm depth, and also those of dissolved organic C (DOC), microbial biomass C (MBC), hot-water extractable C (HWC), permanganate oxidizable C (KMnO4–C), and particulate organic C (POC) in the 0–20 cm depth in the North China Plain.

Sathish et al. (2011) found from the results of 20 years of experimentation revealed that treatments receiving both organic and inorganic fertilizer in kharif season, followed by only inorganic fertilizer during summer season has improved the soil fertility level. Higher rice grain yields were observed in kharif season in treatment receiving 25 per cent N through paddy straw and 75 per cent NPK through inorganic fertilizer with least in control. The uptake pattern also followed the yield of the crop. INM can be enhanced yield, fertility levels and fertilizer use efficiency. 

Obi and Ebo (2012) concluded that the addition of poultry manure (10 t ha−1) significantly decreased soil bulk density (P = 0·05), increased soil organic matter content in Nigeria.

Sunil et al. (2012) cited that Continuous use of FYM, wheat straw and green manure in conjunction with fertilizer increased the soil organic carbon (OC), available N, P K status and wheat yield, and pH.

2.5 Effect of integrated use of cowdung and chemical fertilizer on the growth and yield of rice
Joseph and Kunakesu (1985) studied the effect of compost and cow/goat/pig/poultry manure on rice growth. All components in combination with NPK fertilizer increased grain yield compared to NPK application alone.

Ramulu (1990) observed that total N content of soil was higher in NP, NPK and cattle manure plots compared to other treatments.

Gurung and Sherchan (1993) reported that application of cowdung with chemical fertilizer produced significantly higher grain yield than that of chemical fertilizer alone.

In an experiment with different doses of fertilizer N, cowdung and fertilizer N + Sesbania, Islam (1995) found a significant yield increase with fertilizer N + cowdung compared to fertilizer N alone in T aman rice. In the following boro rice, the yields with fertilizer N + residual effect of cowdung were higher than the fertilizer N alone.

Mannan et al. (2000) reported that manuring with cowdung up to 10t ha-1 in addition to recommended inorganic fertilizer with the N application improved grain and straw yields and qualities of transplant rice over inorganic fertilizer alone.

Sial and Khuhra (2000) reported that organic manures particularly FYM significantly quantify plant height, fresh and dry root weight. While inorganic fertilizer resulted in greater plant height, more fresh and dry weight, root diameter and grain yield of wheat.

Manna et al. (2001) conducted a pot culture experiment to assess the quality of microbial enriched phosphocompost and to evaluate the comparative effectiveness of enriched compost and chemical fertilizer on rice crop yields. Fresh cowdung was made into slurry with water and mixed with straw. Farmers are advised to fertilize their crops with cow dung slurry enriched in phospho-compost at the rate of 10 t ha-1 to obtain more yield and sustainable soil quality.

Banik et al. (2006) observed that the highest mean grain yield was 3.53 t ha−1 and maximum agronomic efficiency was 60.3 % with the application of inorganic fertilizer followed by cow dung, where 3.47 t ha−1 grain yields was recorded with an agronomic efficiency of 57.5 %. Grain yield of rice recorded under organic sources of nutrients was not significantly different from that of inorganic fertilization though there was improvement in soil quality parameters under organic sources. Soil organic carbon (0.72 %), microbial biomass-C (279.23 μg g−1 dry soil), urease activity with buffer (33.54 μg urea hydrolyzed g−1 oven-dry soil) and non-buffer (21.97 μg urea hydrolyzed g−1 of oven-dry soil) methods and acid phosphatase activity (2.24 μg para-nitrophenol released g−1 of oven-dry soil) analysed following the harvest of the crop were highest under cow dung manure treatment; the most efficient organic source under the experiment. 

Nyalemegbe et al. (2009) observed that The application of 10 t ha-1 CD and urea fertilizer (at 45 kg N ha-1) and 10 t ha-1 PM and urea (at 60 kg N ha-1) both gave paddy yields of 4.7 t ha-1, which did not differ significantly from the yield of 5.3 t ha-1, obtained under the recommended inorganic nitrogen fertilizer application of 90 kg N ha-1. This indicates a synergistic effect of OM and urea on soil fertility. The redox potential studies showed that RS had greater propensity to bring about reduced soil condition in paddy fields than CD and PM, while PM brought about greater reduction than CD.

Sridevi et al. (2010) revealed that recommended dose of NPK+200 kg FYM enriched with 5.0 kg zinc increased the grain (5430 kg ha-1) and straw (7075 Kg ha-1) yields which was due to increased availability of zinc. Uptake of nitrogen, phosphorus and potassium, and zinc uniform trend with the highest uptake in the plots receiving recommended fertilizer along with 200 kg of FYM or cow dung enriched with 2.5 or 5.0 kg Zn when compared to control.

2.6  Integrated use of poultry manure and fertilizer on the growth and yield of rice
Maskina et al. (1986) conducted an experiment with different organic manures as a source of nitrogen and showed that poultry manure and 80 kg N ha-1 gave the highest yield compared to 160 kg N ha-1 alone.

Singh et al. (1987) conducted field trails in a loamy sand soil where poultry manure was applied as N source for wet land rice @ 0, 60, 120 or 180 kg N ha-1 as urea. On the basis of N uptake, poultry manure N was 80% as effective as urea at all rates of application.

Maskina et al. (1988) studied the response of wetland rice to N application in a y sand soil amended with cattle manure (60 kg N ha-1) and poultry manure increased the rice grain yields by 98% which was 2.6 times higher than cattle manure (37%). Urea-N equivalents to cattle and poultry manures varied from 1 to 53 and 50 to 123 kg ha-1, respectively. Apparent recovery in the crop N from poultry manure ranged from 38 to 82% compare to 51 to 69% from Urea and 20 to 25% from cattle manure and pig manure.

Calendacion et al. (1990) observed that the highest total yield was produced by ice following 220-70-70 kg NPK + 12 tons poultry manure ha-1. They conducted that rice and potatoes could be profitably grown in rotation. Application of poultry manure to potatoes improved soil fertility for the following rice crop.

Flynn et al. (1995) concluded that broiler litter applied in autumn @ 9 t ha-1 can reduce the need for mineral N from 44 kg ha-1 to 22 kg ha-1.

Singh et al. (1996) reported that yield and net returns were the highest in both rice and wheat with poultry manure with or without NPK.

Yermiyahu et al. (2001) reported that organic matter plays an important role in controlling boron concentration in the soil solution and that it has a prominent effect on reducing boron by plants. 

Reddy and Shivaraj (1999) carried out an experiment and applied 50: 25: 25 NPK ha-1, 5 or 10 t FYM ha-1 or 3 t poultry manure ha-1 and yields were the highest with 5 t FYM ha-1followed by 10 t FYM ha-1.

Sistani et al. (1999) reported that in a greenhouse and field study in USA, rice hull ash and rice straw for providing Si, K and other nutrients and custom made urea briquettes fortified with P or pilled urea, for supplying N and P to a transplanted rice crops during 1995 and 1996. The grain yield was significantly increased with application of all fertilizer.

Babu and Reddy (2000) conducted a field experiment to study the effect of NPK fertilizer, FYM and poultry manure on rice. NPK at 100: 50: 50 kg ha-1, 10 t FYM ha-1, 5 t FYM + 50 kg N ha-1 or 3 t poultry manure ha-1 were applied. Grain yields were the highest with 5 t FYM + 50 kg N ha-1.

Bhoite et al. (2000) reported that organic products + 75% NPK treatment resulted in the highest grain and straw yield and the highest mineral uptake.

Lasminarayana (2000) cited that application of 100% NPK + poultry manure @ 5 t ha-1 gave the highest grain (5.44 t ha-1) and straw (13.19 t ha-1), yields among the treatments and the lowest was in 100% N treated plot.

Mann and Ashraf (2000) found that the maximum paddy yield could be obtained by either applying recommended dose of inorganic N fertilizer (80 kg ha-1) or lowering its level to 40 kg ha-1 when supplemented by organic manure. 

Sreelatha et al. (2000) conducted a field experiment during 1997-98, in Srikakulam, Andhra Pradesh, India, to evaluate the effects of different integrated nutrient management (INM) components on the yield and nutrient uptake in mesta-rice cropping system. The treatments were: (1) control (no nitrogen); (2) Azospirillum seed treatment; (3) farmyard manure (FYM) at 5 t ha-1; (4) FYM at 10 t ha-1; (5) poultry manure (PM) at 1 t ha-1; (6) PM at 2 t ha-1; (7) recommended dose of nitrogen fertilizer. Treatment 10 recorded the highest mesta fibre yield of 25.32 q ha-1 as well as the highest rice grain and total (grain + straw) yields of 28.82 and 64.06 q ha-1, respectively.

Channabasavanna and Biradar (2001a) concluded that application of poultry manure with 25 kg ZnSO4 ha-1 gave significantly higher yields over rest of the treatments. The residual effect was more prominent when rice husk was applied. They also cited that organic manure increased panicle hill-1 and seed panicle-1.

Rajni Rani et al. (2001) conducted a pot experiment in a glasshouse to assess the response of rice to different treatment combinations of vermicompost, poultry manure and nitrogen fertilizer and showed that all integrated treatments significantly increased plant height, number of effective panicle per pot and dry weight per panicle over the treatment having full N dose through urea.

Saitoh et al. (2001) revealed that the yield by organic manure treatment and pesticide free plot was 10% lower than that of chemical fertilizer and pesticide treated plot due to a decreased in the number of panicle. Yearly application of manure increased the total carbon and nitrogen content in the soil.

Singh et al. (2001) reported that root and shoot biomass at different growth stages increased with the application of N and poultry manure along and in combination. Root and shoot biomass was higher in 100% N through poultry manure, followed by 75% N through poultry manure and 25% N through urea.

Muhammad et al. (2003) observed that the results obtained with the use of the same N: P: K rate applied with FYM at 20 kg ha-1. The highest benefit: cost ratio was obtained with N: P: K at 50:37.5:30 kg ha-1 + FYM at 20 t ha-1.

Usman, et al. (2003) revealed that the Application of NPK @ 50–37.5–30 Kg ha–1 along with poultry manure @ 20t ha–1 showed significantly maximum leaf area index (2.98), plant height at maturity (130.31 cm), grain yield (3.82 t ha–1) and harvest index (46.46%). This treatment also produced maximum number of tillers per hill, number of grains per panicle, 1000–grain weight and straw yield.

Mahavishnan et al. (2004) reported that the crop growth and yield were higher with 125% RDF + poultry manure and 100% RDF + poultry manure compared to the other treatments.

Reddy et al. (2004) concluded that poultry manure and sewage sludge produced better growth components, viz. plant height, number of tillers hill-1, total dry matter plant-1 and yield components like number of panicles hill-1 and panicle weight.

Kumar and Singh (2006) had the maximum mean grain yield (45.4q ha-1) with N: P: Zn treatment. Over the years, incorporation of FYM, PM and FYM + PM and zinc application along with N in both the years of study significantly increased grain yield of rice over 40 kg N ha-1. 

Jeong et a1. (1996) reported that 5 t fermented poultry manure ha-1 in rice field increased N content in soil.

Velhof et al. (1999) reported that the animal slurries contain volatile fatty acids which are either volatilized or broken down within a few days of application to the soil. Poultry manure contains considerable amounts of uric acid, which is transformed in to mineral nitrogen within a few days of application to the soil.

Maftoun and Moshiri (2008) showed that there was a consistent increase in the shoot dry weight as the levels of MWC, PM or P were increased. However, rice shoot growth was stimulated more by MWC than by PM and the enhancing effect of P on shoot growth was greater in MWC-treated plants than that of PM. Shoot P concentration increased with the increasing levels of MWC, PM and P whereas nitrogen (N) concentration was only affected significantly by the two organic wastes. Iron (Fe) and zinc (Zn) concentration were suppressed by P in PM-amended soil and was unaffected by the MWC treatment.

Azam et al. (2009) indicated that in the treatment where organic and mineral fertilizer were applied at the ratio of 25 : 75 from either organic source improved grain and straw yields. Maximum grain yield of 3248 kg ha-1 and straw yield of 7154kg ha-1 were obtained from treatment where 25% N was applied from the poultry manure and 75% from the mineral fertilizer and the maximum straw yield was found in the treatment where 25% from filter cake and 75% from mineral N. Agronomic efficiency and nitrogen use efficiency were also found higher in the treatment where 25% N were applied from the poultry manure and 75% from the mineral fertilizer. It was finally concluded that the combination of 25: 75 organic and mineral N sources was the best to achieve the sustainable yield.

2.7 Effect of integrated use of mustard oil cake and inorganic fertilizer on the growth and yield of rice as well as soil properties 
The information on the effects of integrated uses of mustard oil cake with or without fertilizer on the grain yield of rice as well as on the soil properties is scanty in the world. However, some of the works done are briefly reviewed here.

Kucke (1993) stated that the rapeseed oil cake was an unreliable organic fertilizer since the crop N availability was depended on soil N mineralization processes and pre-sowing applications of rapeseed oil cake worked in rather than broadcast and should always be supplemented with mineral N inputs.

Khan and Shaukat (1998) reported that the root weight and the root and shoot lengths of the rice crop increased significantly by castor oil cake, mustard oil cake, sugarcane bagasse and carbofuran. Of the three amendments, the growth parameters of rice increased most from the mustard oil cake treatment.

Khan and Shaukat (2000) reported that the grain yield of rice enhanced significantly over the control by the organic amendments, especially mustard oil cake, which reduced the population density of nematode.

Prakash et al. (2002) opined that the dry matter production, crop yield and total NPK uptake were higher in plants treated with organic fertilizer (processed city waste, vermicompost, oil cake pellets and FYM) in combination with chemical fertilizer compared to those treated with chemical fertilizer only.
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