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Abstract

Studies were carried out on the effect of inoculation with the filtrates of Anabaena flos aquae (A1), Nostoc muscorum (A2), bacterial suppensions of Azotobacter chrooccum (B1), and Azospirillum brasilense (B2) on growth of Lupinus termis seeds. The plant was grown on semiliquid agar media at the Botany Department, Faculty of Science, Cairo University, Giza, Egypt. In the experiments conducted in randomized block design: inoculations were either individually or in combination in different treatments. All the cyanobacterial filtrates and the bacterial inoculations provoked germination and growth parameters in Lupinus termis (Giza 2). The cyanabacterial filtrates in combination with the bacterial suspensions significantly increased the average germination compared to untreated seeds up to by 5 3.13% , IAA by 211.48%, GA3 by 129.04%, cytokinin 104.18%, Chl a by 77.88% and Chl b by 120.48%. the combined four treatments also increased the levels of total carbohydrates by 71.39% and total nitrogen by 16.53% as compared to the controls.
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Introduction 
Application of high input technologies has resulted in a significant increase in agricultural productivity. The high cost of chemical nitrogenous fertilizers and the low purchasing power of most of the farmers restricts its use in proper amounts, hampering crop production. Besides, a substantial amount of the urea – N is lost through different mechanisms including ammonia volatization, denitrification and leaching losses, causing environmental pollution problems (Pannamperuma 1972; DeDatta and Buresh, 1989; Chaudhury and Kennedy 2005). Hense, the efficiency of added urea – N is very low, often only 30 – 40 % and, in some cases, even lower (De Datta 1978; Choudhury and Khanif 2001, 2004).

The utilization of biological nitrogen fixation technology can decrease the use of urea – N, prevent the depletion of soil organic matter and reduce environmental pollution to a considerable extent (Jeyabal and Kuppuswamy 2001; Choudhury and Kennedy 2004; Kennedy et al. 2004). Much attention is now being focused on biologically fixed nitrogen adopted by the nitrogen fixing microorganisms for cereal crops such as rice, wheat and maize. Among these microorganisms, Azotobacter and cyanobacteria are capable of growing and fix nitrogen to be introduced for these crops under field conditions (Tilak, 1993). Thajuddin and Subramanian, (2005) showed that cyanabactria have beneficial effects on a number of other crops rather than rice such as barley, oats, tomato, radish, cotton, sugar-cane, maize and lettuce.

Plant growth promoting rhizobacteria (PGPR) represent a wide variety of soil bacteria which, when grown in association with a host plant, result in stimulation of growth of their host (Burd et al., 2000 and Hill et al., 2000).

Acetobacter diazotoophicus, Herbaspirillum sereopediacal, Azoarcus sp., Azotobacter and Azospirillum are predominantly surface colonizing bacteria, while others are endophytic diazotrophs (Oda steenhandt and Hos vanderleyden 2000). Growth promoting bacteria induces systemic resistance in host plants (Zheng et al. 2000). Azotobacter has been found to increase the yield of wheat, maize, cotton and mustard by about 30% over the control due to capability to introduce nitrogen for these crops under field condition, through fixation (Pandy et al., 1998).

Several cyanobacterial strains are also reported to release phytohormones such as gibberellins (Gupta and Shukla, 1969) and auxins (de Caire et al. 1979; Mikhailova et al. 1984) and their culture filtrates are shown to stimulate the seed germination and to enhance the growth of rice seedlings (Tambiev et a;. 1981; Antarikanoda, 1982).

Ghallab and Salem (2001) studied the effect of some biofertilizer treatments, Cerealin (Azospirillum spp.) and Nemales (Serratia spp.) on wheat plant, in field experiments and found that the two biofertilizers increased growth characters and nutrients, sugar, amino acids and growth regulators (IAA, GA3 and Cytokinin) and crude protein content in the plant.
Salem and Foda (1999) have found that cyanobacteria inoculated to soybean can be successfully overcoming the adverse effect resulted from the saline stress conditions. Ref    showed that cyanobacteria also help to reduce soil alkalinity and this opened up possibilities for bioreclamation of such inhospital environment.

Therefore the present investigation was made to assess the effect of the two cyanobacterial biofertilizers (filtrate), Nostoc muscorum and Anabaena flos aquae separately or in combination, also the effect of bacterial biofertilizer Azotobacter chroococcum and Azospirillum brasilense cultures, single or dual inoculants on the growth, pigment content, carbohydrate content, nitrogen content, as well as growth regulators content of Lupinus termis shoot in in vitro experiments.

Praasanna et al., (2009) reported that the cyanobacterial strains belonging to the genera Nastoc and Anabaena comprised 80% of the rice rhizosphere isolates, which were also efficient in enhancing germination and growth of wheat seeds and exhibited significantly high protein accumulation and IAA production.
Materials and Methods

Pure algal culture A1 (Anabaena flos aquae) and A2 (Nostoc muscorum) were grown in Watanabe medium (Watanabe et al., 1951), in the Botany Department, Faculty of Science, Cairo University, Giza, Egypt under continuous fluorescent white light. The light intensity was kept at 2000 Lux and temperature 28 ( 2 oC up to their appropriate logarithmic phase, the cyanobacterial biomass was separated from the culture medium by centrifugation (40 min, 8000 ( g 10 oC) under sterile conditions. The supernatant containing extracellular products, was sterilized by 0.22 (m pore size Millipore membrane and storaged at 4 oC.

Bacterial strains namely Azotobacter chroococcum and Azospirillum brasilense were kindly supplied by the Agric Res. Microbiol. Dept., Soils, Water & Environ Res. Inst. Agric. Res. Center (ARC), Giza, Egypt.

Azotobacter chroococcum and Azospirillum brasilense were grown in Ashby broth and Döbriner broth, respectively, for 5 days under aerated conditions. Bactenial cultures were adjusted to 108 cell ml-1. The mixed culture was prepared by mixing equal quantities of each of the culture brothes with a concentration of 108 cells/ml.

Healthy seeds of Lupinus termis cultivar (Giza 2) were surface sterilized using 0.1% HgCl2 solution for 5 min followed by several washings with distilled water for about 1h. Selected seeds number (20) was then distributed on water agarized petridishes (0.5% agar) then 10 mls of the following different treatments were added:

Control, A1, A2, A1 + A2, B1, B2, B1 + B2, A1 + B1, A1 + B2,          A2 + B1, A2 + B2, A1 + B1 + B2, A2 + B1 + B2, A1 + A2 + B1, A1 + A2 + B2 and A1 + A2 + B1 + B2.

A1 
Anabaena flos aquae

A2
Nostoc muscorum
B1
Azotobacter chroococcum
B2
Azospirillum brasilense
In control petridishes cyanobacterial filtrates or bacterial suspensions (10 mls) were substituted with water for comparison. Each treatment was repeated in triplicates and arranged in complete randomized design. The percentage of seed germination after 48 hrs. was calculated as follows:
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Well developed 5 days old seedlings of the crop were then transferred to 500 ml capacity bottles containing 200 ml semiliquid water agar (1.0%) and exposed to the same previous treatements. Bottles were incubated in the growth chamber but under continuous light (5000 Lux) for 14 days. The samples were triplicales for chemical analysis. Separation and determination of plant hormones were carried out by gas liquid chromatography in the principal central Lab, Faculty of Agriculture, Cairo University. Extraction and measurements of leaf pigments were carried out by the spectrophotometric method recommened by MetZener et al. (1965). Determination of crude protein were carried out by Kheldal method according to AOAC (1995) and the crude protein was calculated by multiplying the total organic nitrogen by 6.25.

Extraction of soluble sugars was carried out as recommended by Upmeyer and Koller (1973). The reducing value of sugar extract was estimated by Nelson's test as described by clark and Switzer (1977).

All data were subjected to statistical analysis of variance (F-test) "One way ANOVA". It is a procedure used for testing the differences among the means of two or more treatments. Details of formulae used are given by Armitage (1971).

Results and Discussion
The results of the present investigation elucidated that, the presoaking of the plant seeds in culture filtrates of the tested cyanabacterial species and bacterial suspensions, stimulated their germination and germination metabolism.

However, a highly significant increase in Lupine percentage getmination reached (98%) with the combination of the four treatments (A1 + A2 + B​1 + B2) (Table 1), and the percentage increase in germinations over control reached 53.13%. Abd El-Rasoul et al., (2004) indicated that all yield wheat parameters increased significantly along the application of a mixture of Azotobacter and cyanohacteria combined with ½N recommended dose . De Mule et al., (1999) observed that the inoculation of rice plants either with Nostoc muscorum or Tolypothrix tenuis each alone or combined with urea, gave the higher seedlings dry weight and shoot length over the control treatments without cyanobacteria inoculation. It was also reported by Kamran et al., (2006) that percentage germination of Triticum aestivum was affected with the inoculation of different bacterial strains containing Azotobacter spp., Azospirillum spp., and Pseudomonas spp. The germination was increased significantly over control. Investigations showed that Azospiriillum inoculation increased rice yield significantly by 1.6 – 10.5g per plant (32.81% increase) in greenhouse conditions (Mirza et al. 2000 and Malik et al. 2002).

The results tabulated in Tables 2a and 2b show that the bacterial suspensions and the cyanobacterial filtrates contained a special set of biologically active compounds including growth regulators.

Many actual and putative biofertilizing PGPR (plant growth promoting rhizobacteria) produce phytohormones that are beleived to be related to their ability to stimulate plant growth. 

Moreover, cyanobacteria are known to produce different growth regulators such as auxin-like substances (Frankenberger and Arshad, 1995), cytokinins (Strik et al., 1999), gibberellins (Serdyuk et al., 1992), indole acetic acid and sometimes indole propionic acid (Vemkataraman, 1981).

In most cases these phytohormones are believed to be changing partitioning patterns in plants and affecting growth patterns in roots to result bigger roots, more branched roots, and/or roots with greater surface area (Vessey, 2003). Kamran et al., (2006), reported that, Azotobacter and Azospirillum are non-symbiotic nitrogen fixer, it appears that these strains enhanced plant growth and uield parameters by applying nitrogen and synthesizing more auxin and proteins of Triticum aestinum var Inqalab – 91. The algal filtrates and the bacterial suspensions used in this study, either separately or in combination significantly increased phytohormone contents of the plant over control (Table 3). Inoculation with the filtrate of single blue green alga (A2) or Azospirillum suspemsion (B2) significantly increased both IAA and GA3 over uninoculated control. On the other hand, in case of the combination of A1 + B1 there is decreased stimulatory effect in IAA and GA3 in relation to (A2) or (B2), treatments. But the stimulative effect of the endogenous plant hormone (IAA) was more pronounced in response to (A2 + B2) treatment. A maximum increase in IAA, GA3​, and cytokinin was observed with the four combined treatments (A1 + A2 + B1 + B2).

Percentage increase over control reached 211.48% in IAA, 147.65% in GA3 and 104.18% in Cytokinin. In this connection, there is a general agreement on the induction of the endogenous hotmone levels by exogenous application of different regulators (El-Shahaby, 1992). Kumar et al., (1987) stated that, phytohormones have been implicated in the regulation of several enzymes, and the metabolic changes occurring in the early stages of germination are the results of the activity of various enzymes. According to Burd et al., (2000), and Barazani and Friedman (1999), plant growth promoting rhizobacteria might enhance plant hight and productivity by synthesizing phytohormones, increasing the local availability of nutrients, facilitating the uptake of nutrients by the plants, decreasing heavy metal toxicity, antagonizing plant pathogens and inducing systemic resistance in the plants to pathogens.

Salisbury, (1994) stated that in dole – 3 – acetic acid is a phytohormone which is known to be involved in root initiation, cell division, and cell enlargement. He also added that Cytokenins are a class of phytohormones which are known to promote cell division, cell enlargement, and tissue expansion in certain plant parts. The same author poitalent that gibberellins are a class phytohormones most commonly associated with modifying morphology by the extension of plant tissue, particularly stem tissue.

All cyanobacterial and bacterial inoculations caused significant increased amounts in the total nitrogen and protein contents over control of the seedlings (Table 4). The combination of treatments (A1 + A2 + B1 + B2) resulted in a maximum increase which reached 13.7% over control treatments. All bacterial and/or cyanobacterial combinations showed significant increased nitrogen contents, over control than single treatments (bacteria or cyanohacteria alone). Adam (1999) observed a significant increase in growth parameters and nitrogenous compounds in some crop plants treated with cyanobacteria as a biofertilizer, and he attributed this to the increase in nitrogenase as well as nitrate reductase activities of the algal filtrates (1992). Holgium and Bashan (1996); khammas and Kaiser (1992) and Lippi et al., (1992) concluded that, the nitrogenase activity of Azospirillum has been found to increase when grown in mixed cultures with other bacteria even if they come from completely different habitats. Holguin and Bashan (1996) added that, some mixed cultures provide conditions more suitable for N2 fixation than those present in pure cultures.

Changes in insoluble – N and soluble – N (Table 4)may be due to either an increase or a decrease in proteolytic enzymes which in fact degrade the storage protein to soluble nitrogenous compounds, which may in turn utilized by the various parts of the seedlings in response to treatment of bacterial suspensions or algal filtrates.

Presoaking and treatments of Lupinus seeds in filtrates of cyanobacterial species and/or bacterial suspensions single or in combination, resulted in marked increases in Chl. A, Chl b. of the leaves. On the other hand, (arotenoid contents decreased significantly (table 5).

However, a highly significant increase in chlorophyll contents and carbohydrates contents was reached with the combination of the four treatments (A1 + A2 + B1 + B2) (Tables 5 and 6). Swedrzynska and Sawicka (2000) and Swedrzynska (2000) concluded that, the concentration of chlorophyll dyes in cereal leaf blades was taken as an index of plant vigour in the vegetation season. Results obtained indicate a higher vigour of the studied cereals (wheat, ast, and maiz) under inoculation by Azospirillum brasilense.

Ram Rao et al. (2007) studed a bacterial biofertilizer, prepared with Azotobacter chroococcom in combination with other biofertilizer chlorophyll caused content of Mulberry leaves to increased accordingly carbohydrates was available in plenty.

These results are in good agreement (with the results obtained by Martin et al., (2002) who stated that nitrogen and carbohydrate status play the predominant role in regulating various aspects of seedling growth (Table 4 and 6).

Caiola et al., (1996) elucidated that these biopolymer regulate the loss and uptake of water from cells, serve as a matrix for the immobilization of other components of the cell which may offer protection and may protect cell walls from damage during swelling and shrinkage.

It is concluded from the above discussion that all the bacteria; strains and cyanobacterial filtrates stimulated significantly the growth parameters of Lupinus termis (Giza 2) as compared to that of control. Increase in seedling growth was associated with increase in phytobarmones, proteins, chlorophyll, and carbohydrate contents. Hence these local strains can be used as biofertihzer for the improvement of growth of many important crops, exorhitant cost of fertilizers and greater consciousmess on environmental protection.
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