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ABSTRACT: The bio inoculants help the expansion of root systems and better seed germination and 
plant growth. Improved productivity of AM plants was attributed to enhanced uptake of immobile 
nutrients such as phosphorus, zinc and copper. In addition, other factors associated with AM fungal 
colonization may influence plant resistance to drought. These include changes in leaf elasticity. 
Inoculation with arbuscular mycorrhiza fungi (AMF) has been found to increase the availability of 
phosphorous and other nutrients in crop plants because of its symbiotic associations with plant roots, 
colonizing cortical tissues and extending hyphae into the rhizosphere. AM fungi are especially important 
for sustainable farming systems because AM fungi are efficient when nutrient availability is low and 
when nutrients are bound to organic matter and soil particles. 
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INTRODUCTION 

 
 Integrated nutrient management strategies involving chemical fertilizers and bio-fertilizers have been 
suggested to enhance the sustainability of crop production (Manske. 1998). The bio inoculants help the expansion 
of root systems and better seed germination and plant growth (Manske. 1995). In African soils, legume as a pre-
crop also affects the biological properties: legume pre-crops result in earlier colonisation of cereal roots by AM 
fungi (Bagayoko, 2000). Inoculation of plant roots with arbuscular mycorrhizal (AM) fungi may be effective in 
improving crop production under drought conditions. Colonization of roots by AM fungi has been shown to improve 
productivity of numerous crop plants in soils under drought stress (Al- Karaki and Al-Raddad 1997; Al-Karaki and 
Clark 1998; Faber. 1990; Sylvia. 1993). Improved productivity of AM plants was attributed to enhanced uptake of 
immobile nutrients such as phosphorus, zinc and copper. In addition, other factors associated with AM fungal 
colonization may influence plant resistance to drought. These include changes in leaf elasticity (Auge. 1987a), 
improved leaf water and turgor potentials, maintenance of stomatal opening and transpiration (Auge. 1987b), 
increased root length and depth, and development of external hyphae (Ellis. 1985; Davies. 1992). 
 
Phosphorous and other nutrients 
 Inoculation with arbuscular mycorrhiza fungi (AMF) has been found to increase the availability of phosphorous 
and other nutrients in crop plants because of its symbiotic associations with plant roots, colonizing cortical tissues 
and extending hyphae into the rhizosphere (Hetrick, 1996). Mycorrhizae have reportedly increased nutrient uptake, 
salinity tolerance, drought tolerance, water uptake, root disease resistance, and photosynthesis (Srivastava, 1996; 
Sharma, 1994). Mycorrhizal extension of the plant root surface facilitates potential uptake and translocation of P, 
nitrogen (N), K, Ca, sulfur (S), Cu, molybdenum (Mo), and Zn (Srivastava, 1996; Singer and Munns, 1987; Azcon-
Aguilar and Barea, 1992; Sharma and Srivastava, 1991; Sharma, 1994; Lambert and Weidensaul, 1991; Burkert 
and Robson, 1994; Hamilton, 1993; Swaminathan and Venna, 1979; Frey and Ellis, 1997). Because Zn availability 
can be low in neutral to alkaline soils due to adsorption on aluminum (Al) and Fe oxides, clay minerals, organic 
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matter, and CaCO3 (Tisdale, 1993), mycorrhizae in these soils could potentially benefit plants. High fertilizer 
application generally decreases the mycorrhizal impact on nutrient uptake (Ellis, 1992). 

 
Negative impact 
 It is well known that AM fungi enhance plant growth. However, AM fungi are not only beneficial and interactions 
between plants and AM fungi can range from mutualistic to parasitic (van der Heijden 2002; Klironomos 2003). 
Studies performed with plants from natural communities show that AM fungi have a negative impact on several 
ruderal plants (Francis & Read, 1995). Many important weeds have a ruderal lifestyle, suggesting that AM fungi 
have the potential to suppress weed growth. 
 
The responsiveness of wheat varieties 
 The responsiveness of wheat varieties in terms of improved performance of different traits to microbes greatly 
differs and these differences are due to the genetic background of the varieties (Behl, 2003). Wheat genotypes 
having improved root length density (RLD), a large number of spikes per m2 and seed weight support microbe 
symbiosis in low input environment (Manske, 2000). 
 
Symbiosis 
 The symbiosis between plants and mycorrhizal fungi is extremely widespread and ancient in the plant 
kingdom. Root colonization with mycorrhizal fungi occurs in >80% of all plant species (Smith and Read, 1997) and 
has been observed in fossils dating back 400 million years ago (Remy and Taylor, 1994). 
 
Root colonization 
 Root colonization with mycorrhizal fungi generally has positive effects on plant growth (Chalk, 2006) and 
mycorrhizal inoculation is frequently applied to increase crop plant productivity in agricultural systems (Li, 2000, 
2004; Ortas, 2003; Ortas, 2010). 
 
Positive effects 
 Positive effects of mycorrhiza on plants include increases in height (Hayman, 1986; Hoeksema, 2010; 
Safapour, 2011), biomass (Vejsadova, 1993; Mathur and Vyas, 2000; Ramana, 2010), shoot: root ratio (Gavito, 
2000; Veresoglou, 2012), production of flowers (Dodd, 1983; Carey, 1992), and yield in crop plants such as 
Phaseolus vulgaris, Glycine max, and Triticum aestivum (Vejsadova, 1993; Bethlenfalvay, 1997; Abdel-Fattah, 
1997; Li, 2005; Ramana, 2010; Safapour, 2011). AM fungi can act as support systems for seedling establishment, 
provide resistance against drought and some pathogens, and AM fungi can enhance biological diversity in 
grassland (van der Heijden, 1998). Several studies have shown that AM fungi contribute to up to 90% of plant P 
demand (Jakobsen. 1992; van der Heijden. 2006). 
 
Sustainable farming 
 AM fungi are especially important for sustainable farming systems because AM fungi are efficient when 
nutrient availability is low and when nutrients are bound to organic matter and soil particles. Many important 
agricultural crops can benefit from AM fungi, including maize, potato, sunflower, wheat, onion, leek and soybean, 
especially under conditions where nutrient availability is limiting plant growth. Moreover, AM fungi not only can 
promote via directs effects, but there are also a number of indirect effects such as a stimulation of soil quality and 
the suppression of organisms that reduce crop productivity (Dodd, 1983; Carey, 1992). 
 

MATERIALS AND METHODS 
 

 This paper is a review of the literature search on ISI, Scopus and the Information Center of Jahad and 
MAGIRAN SID is also abundant. Search library collection of books, reports, proceedings of the Congress was also 
performed. All efforts have been made to review articles and abstracts related to internal and external validity. 
 

RESULTS AND DISCUSSION 
 
Propagation: 
 n presence of synthetic vinyl monomer, pregelled starch radical is added to the double bond of the vinyl 
monomer, resulting in a covalent bond between monomer and pregelled starch with creation of a free radical on the 
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monomer, i.e., a chain is initiated. Subsequent addition of monomer molecules to the initiated chain propagates the 
grafting reaction onto pregelled starch as follows: 
 
Termination: 
 Finally, termination of the growing grafted chain may occur via reaction with the initiator, coupling or 
combination and disproportionation as follows: 
 
Effect of methacrylamide concentration: 
 Figureure 2 declares the effect of changing MAam concentration on the percent graft yield of poly (MAam) - 
pregelled starch graft copolymer using the optimum 120 S exposure time obtained above in section 3.1.1. Details 
of the conditions used are given in the text. It is clear from the drown data that there is a direct relation between the 
percent graft yield and monomer concentration within the experimental range studied, the higher the MAam 
concentration the greater availability of the latter in the vicinity of pregelled starch as well as the molecular collision 
of the reactants. Beside, the microwave radiation rotates the methacrylamide molecules, leading to elongation of its 
C-C double bond at which the pi bond electron cloud splits up into two localized clouds (i.e. free radical sites on the 
basic carbon atoms). Both the free radical sites that created on the pregelled starch backbone and that on the 
methacrylamide by microwave radiation interacts through common free radical reaction mechanism, to yield poly 
(methacrylamide) - pregelled starch graft copolymer. 
   
Effect of microwave irradiation power: 
 Figureure 3 clarifies the effect of microwave irradiation power as one of the powerful controlling factors affect 
the percent graft yield of poly (MAam) - pregelled starch graft copolymer using 120 S exposure time and 4 g 
methacrylamide concentration. To optimize the microwave power, reaction was preceded from 150 to 600 W. It is 
clear that, the percent graft yield increases initially with increasing microwave power up to 500 W then decreases 
thereafter. This can be explained in the manner of, when the microwave radiation power increases up to 500 W, 
the rotation of the methacrylamide molecules increased, which leads to more and more elongation of its bond. As 
the C-C double bond elongates more, the pi bond electron cloud splits up into two localized clouds (i.e. free radical 
sites on the constituent carbon atoms). Both the free radical sites thus created on the pregelled starch backbone 
and that on the methacrylamide by microwave radiation interacts rapidly through usual free radical reaction 
mechanism, to yield higher graft yields of the prepared copolymer. Saying on other word, higher grafting may be 
account to the more availability of microwave energy at higher microwave power, which causes more and more 
monomer and macro radical generation. On the other hand, after 500 W microwave power, the decrease in percent 
graft yield may be attributed to more homopolymer formation at higher microwave powers or to some 
decomposition of the graft copolymer at higher microwave power. 
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