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ABSTRACT 
Two field experiments were, conducted in the Plant 

Nutrition and Fertilization Unit, Soils and Water Department 
Nuclear Research Center, Atomic Energy Authority, Inshas, 
Egypt,assessing application of N in totally organic or totally 
mineral or different mixtures with the rat of N (being fixed) with 
or without biofertilizers  carried out following  design  factorial 
complete block design with three  replicates .In the  first one, pea 
was planted and in the second cucumber was planted in the same 
plots. This study was planned  to Determine the contribution of 
mineral, organic and bio fertilizers in supplying plant with 
nitrogen using nuclear technology 15N and assess the 
optimization and benefits from bio and organic fertilization of 
some vegetables .Fertilization treatments indicated that the 
combination of 50%mineral fertilizer + 50%organic compost 
was superior over all other treatments. It means that half of the 
recommended dose of mineral fertilizer is enough to meet the 
requirement of pea and cucumber crops when supplemented with 
organic compost. This combination may have an environmental 
impact since it would reduce the risks of chemical fertilizers. 
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1. INTRODUCTION 
Recently, more attention has been paid to conserve and 

save surrounding environment via minimizing the excessive use 
of chemical fertilizers and, in general, the agrochemicals applied 
in heavy quantities in agricultural agro-ecosystems. The 
application of organic wastes combined with or without mineral 
fertilizer to soil is considered as a good management practice in 
any agricultural production system because it improves, plant 
quality and soil fertility. Fertilizer application rates in intensive 
agricultural systems have increased dramatically during recent 
years in Egypt, especially in greenhouse vegetable production 
systems (Abd El Hadi, 2004). 

The excessive use of nitrogen fertilizers in agriculture can 
lead to nitrate accumulation into plants. Nitrate accumulation in 
editable plants is a problem when eaten. 

Pea (Pisum sativum L.) is one of the most important 
leguminous vegetable crops grown during winter season in 
Egypt. The pods of pea contain a great amount of protein and 
carbohydrates so that pea is considered one of the most 
important sources in human food nutrition (El-Desuki et al., 
2010).  

In Egypt the organic matter of cultivated clay soils is 
between 1.0 and 2.5%, while in the calcareous and sandy desert 
soils, it is usually less than 0.5% (Abd El Hadi, 2004). Soils low 
in organic matter are also low in nitrogen and phosphorus and 
would benefit from application of organic matter since it : 1) 
improves  soil characteristics; 2) increases soil productivity and 
3) reduces the use of chemical fertilizers. According Abd El 
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Hadi (2004), the amount of organic matter required for the 
cultivated soils in Egypt 170 million megagrams "Mg" of farm 
yard manure (FYM). 

Growing grain legumes such as field pea (Pisum sativum 
L.) and the subsequent decomposition of N rich residues 
replenish  soil with N and  provides  fixed  N  to  subsequent  
crops (Jensen  and Hauggaard-Nielsen,  2003). Organic inputs, 
such as plant residues and compost, are recommended to 
improve the soil physical conditions (Kirchmann and 
Thorvaldsson, 2000).  

Nitrogen fixing crops present an important option to 
improve N supply and to maintain soil fertility (Stockdale et al., 
2001). Organic farms have on average more legumes in rotation 
(Kirchmann and Bergstrom, 2001) and estimates on N2 
fixation from the atmosphere at the farm level are greater for 
organic than conventional systems (Hansen et al., 2000). 

The use of 15N -labelled plant materials has been useful for 
direct estimation of plant N uptake from organic manures  some 
studies (Bergstrom  and  Kirchmann  2004;  Harris  et  al., 
1994; Jackson 2000; Muller and Sundman, 1988; Seo et  al., 
2006), have shown that N uptake by the subsequent crop was 6 
to25% of the input 15N  labeled green manures of hairy vetch,   
ryegrass, phacelia, white clover, red  clover subterranean clover, 
field bean, and timothy in upland soils. Others (Ashraf et al., 
2004; Azam 1990 and Diekmann et al., 1993) showed uptake 
of 19 to 50% of 15N labeled sesbania   and maize green manure 
in paddy soils. 
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This study has been carried out in soil & water Dept. 
Atomic Energy Authority, Cairo-Egypt, on pea and cucumber 
using nuclear technique 15N for the purpose of : 
1. Determine the contribution of mineral, organic and bio 

fertilizers in supplying plant with nitrogen using nuclear 
technology 15N. 

2. Assess the optimization and benefits from bio and organic 
fertilization of some vegetables. 

3. Recycling wastes and uses it as organic fertilizers (compost) 
complementary to the mineral fertilizers.  
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2. REVIEW OF LITERATURE 

2.1. Organic fertilization: 
There are two principal points that would be noted on 

applying animal manure to land: 1. Ensuring maximum utilization 
of the manure nutrients by crops, and 2. Minimizing water 
pollution hazard. Animal manure is an important source of N, P, 
and K. Thus, several studies have shown that additions of 
manure not only increased the organic matter content in soil but 
also the available P and exchangeable K, Ca, and Mg contents 
(Olsen et al., 1970). 

The primary components of plant material are cellulose, 
hemicelluloses, and lignin; the latter buny is rather difficult to 
biodegrade and reduces the availability of the other polymers 
(Ladisch et al., 1983). 

Lignin is the main compound forming humus-like 
substances. This is adesirable transformation during composting 
that requires lignin attack by microorganisms (Varadachari and 
Ghosh, 1984). 

The interaction effect of K and organic manure has been 
reported by Singh and Brar (1985) who concluded that applying 
K and Farm yard manure to the soil increased potassium 
concentration in the leaves of potato crop. How-ever, application 
of high rates of P and K increased the available P and K, dry 
matter and starch in potato tubers.   

(Kaddous and Morgans, 1986).added to sandy soil, 
Mushroom compost and deep litter fowl manure at 0, 10, 20, 40 
and 80 Mg/ha. For growing vegetables (celery, lettuce, 
cauliflower and carrot in rotation.  Both materials decreased the 
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yields of first three crops but not the fourth crop.  Concentration 
of N, P and K in plant tissues increased as the rates of Mushroom 
compost and fowl manure increased. 

Sharma and Madan (1988) studied the effect of organic 
wastes alone and in combination with earthworms on the yield of 
wheat and maize. Highest yields were obtained with 2% poultry 
waste with earthworms and 2% cattle dung with earthworms for 
wheat and maize, respectively.  

Prezotti et al. (1989) reported that in 3- year trials , at 3 
localities, the plants were fertilized with 0 or 10 Mg poultry 
manure/ha, 0, 130, 206 or 390kg P/ha and/or 1 Mg lime/ha. In 
each locality, application of poultry manure appreciably 
increased the yields and augmented fruit size.P was beneficial 
only in absence of organic matter in the soil. Liming had no 
appreciable effect on yield but it markedly reduced the incidence 
of blossom-end rot. 

Jenkinson, (1990) stated that vegetation effects are related to 
high ratio of C to N in roots, and other plant residues and that soil 
management can modify soil organic matter by affecting inputs and 
turnover. Evidence from long-term rotational experiments indicate 
that increasing C inputs (e.g. manure) can cause a gradual organic 
matter accumulation over time, especially in arable farming systems. 

However, major short-term improvements in soil organic 
matter storage are dependent upon changes in vegetation or 
cropping practice and the pattern - can quantified by grid based 
soil sieving (Staricka et al., 1991). Bomke and Lowe (1991) 
conducted that experiments on yield response to 0–40 Mg of 
deep-pit poultry manure/ha applied to forage on a clay soil as 
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well as Trifolium repens on a silty clay loam soil. Dry matter 
yield of barley increased with rates up to 20Mg but yield of 
Trifolium increased with rates up to 10Mg/ha.The results 
showed no toxicity problems at any manure rate, Cu and Zn 
contents in forages increased.  In a sandy loam soil Buchanan 
(1993) stated that poultry litter compost of up to 6 dry Mg/ha for 
broccoli and up to 8 Mg/ha for spring potato and onion yields.  
Chicken manure may be utilized as a valuable source of plant 
nutrients scene it contains easily decomposable compounds and 
has a narrow C/N ratio (Abdel Magid et al., 1993). Kakezawa 
et al. (1992) reported an improvement in wood composting by 
treatment with a ligninolytic fungus. Organic manures supply 
plants with nutrients and improve the physical properties of the 
soil, consequently improve the plant growth (Hegazy et al., 
1994). 

Abo-Hussein (1995); Abdel-Mouty et al. (2001); Rizk et 
al. (2002) and Rizk et al. (2003) states that organic manure can 
give equal yields compared with chemical fertilization.  

Maize (Zea mays L.) residue is one of the easily available 
organic materials that is a high-cellulose feedstock that remains   
on the land and has an extremely low decomposition rate 
because of its high C/N ratio. Therefore, composting maize 
residues may be a useful method of producing a stable product 
with substantial organic   matter that  produces humus, which  
can  be  used  as  a  source  of  organic  materials and   facilitates 
the slow release of nutrients. (Blackmer 1995; Burgess et al., 
2002 and Hood et al., 2000) In a sandy loam soil (Hsieh-Chang 
Fang et al., 1996) obtained 26.2% increase in broccoli yields 
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upon applying poultry manure compost.The degradation of 
wastes that contain a high percentage of soluble organic carbon 
in the form of amino acids, carbohydrates and then leads to a 
flush of CO2 production immediately after their addition to soil 
(Marstorp, 1996). 

Manure nutrients help to build and maintain soil fertility, 
increase water-holding capacity,resuce wind and water erosion, 
improve aeration, and promote beneficial organisms (Cooper 
and Warman, 1997). 

Producing of crops through organic farming started in 
Egypt mainly for export (60% of the Egyptian production is 
exported) mainly to United Kingdom, Germany and Italy (Mark 
1999). 

Lignin decomposition in favored by growth of white-rot 
fungi which includes encouraged by adequate substrate, 
moisture, aeration and temperature (Breen and Singleton, 
1999). 

Many investigations were done on this item in other 
vegetable crops. Abdel-Rahman (2000) on cantaloupe showed 
that the combination between phospharin biofertilizers containing 
P-dissolving bacteria   with mineral P fertilizer at the rate of 62 
kg p/ha increased plant dry weight as compared with rates of 
mineral P at 93 kg p/ha increased the concentration of N, P, K 
and Ca in cantaloupe leaves. 

Tuomela et al. (2000) stated that lignin biodegradation is a 
key process in composting lingo cellulose substrates and that 
indigenous microorganism undertake lignin breakdown. 
Incorporation of plant residues sustains organic matter in soil, 
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enhances biological activity and improves soil physical 
properties (Kumar and Goh 2000; Palm et al., 2001). 

Organic farming started in Egypt since the dawn of history, 
where the Egyptian grower used to grow crops depending on 
natural materials blessed with the fertile loam on the Nile flood. 
Tushki project in Southern Egypt is an ambitious land 
reclamation project that will eventually cover over 150 thousand 
acres of land irrigated with Nile water, and it is devoted to 
organic farming (Abou-Hadid, 2001). 

Compost is practical means of supplying nutrients for 
organic farming and is suitable for production of vegetables free 
from contamination. Organic matter for composting must have 
balanced aeration, water and temperature conditions to undergo 
proper decomposition. Thorough composting of materials kills 
weed seeds, pests and diseases, reduces odors, degrades 
chemical residues, destroy breeding sites for flies, and reduces 
toxicities and supplies normally mobile nutrients in a stable 
form. 

According to Jeong and Kim (2001) the use of compost, 
particularly on sandy soils improves physical, chemical and 
biological conditions. It also increases soil nutrient retention and 
availability to plant and soil water retention. Application of 
compost can range from 5 – 20 Mg/ha according to soil type and 
soil conditions. 

The use of whole livestock manure or its liquid material 
(LM) fraction as a fertilizer is permitted in organic farming 
system (Codex Committee on Food Labeling, 2001). The study 
by Glendining et al. (2001) showed that the residual   effect  of 
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organic manuring does not depend  on   the  soil organic   matter 
content and Langmeier  et  al. (2002) found negligible influence  
of soil organic  matter  level on the  first  year  release  of manure N. 

Rashid et al. (2001) compared mixtures of rice straw and N 
materials (cow dung + soybean plants) and found that 70% rice 
straw produced the most suitable compost.  

Abdel-Mouty et al. (2001); Awad (2002); El-Etr et al. 
(2004) and Hafez and Mahmoud (2004) and El-Desuki et al. 
(2010) reported that the vegetative growth of pea (number of 
leaves or branches as well as fresh and dry weight of plant 
organs) was increased by using compost as organic fertilizer 
application. Choi et al. (2001) reported that plant uptake of 
fertilizer N via biotic and abiotic N retention reduced N loss 
from soils. 

Compost is more acceptable as a fertilizer than manure 
because weed seeds are killed, animal pathogenic and 
obnoxious smells are not present, also decreases in bulk density, 
particle density and increased water content. (Abou-Hussein et 
al., 2002a; Abou-Hussein et al., 2002b and Gent et al., 1998).  

Soils suplied with compost initially had a lower soil pH 
than those applied with synthetic fertilizers, but over time soil 
pH increased to higher levels in soils with compost than those 
with synthetic fertilizers (Bulluck et al., 2002). Soils with 
compost application have higher propagule densities of 
Trichoderma species than soils amended with synthetic 
fertilizers regardless of their production system history (Bulluck 
et al., 2002).  Organic farming started in Egypt on a commercial 
basis in 1995then In 2001, the number of organic farms was 460, 



 
 

 

10

representing about 0.02% of all farms, and included 15 thousand 
hectares 0.19% of the Egyptian arable land (Yussefi and Wilier, 
2003). El-Agrodi et al. (2003) stated that use untraditional 
fertilizers as a partial substitute for chemical fertilizers, reduced 
production cost and limit environmental pollution.  

In a sandy soil, field experiments were conducted to study 
the effect of organic manure (rice straw compost and chicken) 
alone or mixed with bentonite and vermiculite on peanut and 
carrot Wafaa and Laila (2004) showed that, the yield of peanut 
and carrot increased by natural amendment. The highest yield 
occurred with chicken manure mixture with vermiculate. 

Foly (2004) studied the productivity of potato plants as 
affected by different organic and inorganic fertilizers. The 
organic manures are prepared initially from either animal or 
plant residues or recycling the municipal wastes. And observed 
improvement availability of nutrients.  

Using 15 N-labeled plant materials proved useful for direct 
estimation of plant N uptake  from them plant materials included 
ryegrass, phacelia, white clover, red clover subterranean clover, 
field bean, and timothy (Bergstrom and  Kirchmann  2004;  
Harris et  al., 1994; Jackson 2000; Muller and Sundman, 
1988; Seo et  al.,  2006), as well as sesbania and maize (Ashraf 
et al., 2004; Azam 1990 and Diekmann et al., 1993); the rate of 
N uptake by the subsequent crop ranged from 6 to 50% of  15N. 
Nitrogen recovery from applied organic materials is highly   
variable and depends on the nature of the organic materials and 
the soil system to which they are added (Wivstad, 1999 Yaacob 
and Blair, 1980). 

In farming systems repeated yearly applications of manure 
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are common and the true fertilizers value of manure can only be 
established when considering the long-term effects (Schroder 
2005). Vegetable residues often have a high nitrogen content    
and thus can   release large amounts of N through mineralization 
(Chaves et al., 2006). The type of the manure influences the 
residual effect of the manure (Berntsen et al., 2007). 

Large  differences  in  the  residual  effects  from  legumes 
and fallow were  observed between sites indicting a  need for  
site-specific land management  recommendations. In Ibadan, 
cultivation of maize after the forage legume (Stylosanthes 
guianensis) achieved the highest yield. The natural fallow–maize 
Franke et al. (2008) reported that maize following dual-purpose 
soybean achieved the highest mean yield. 

Saj et al. (2008) demonstrated how defoliation-induced 
changes in legume ecophysiology can affect growth of   
decomposers in soi. And the effects did not change the 
availability of soil organic N to the neighboring grass of soil 
organic matter N. Although compost may increase the total 
recovery of fertilizer N, it may enhance ammonia volatilization 
of fertilizer N, when pH of compost values exceeds 8 (Larney 
and Olson 2006 and Kim et al., 2008). 

Limon-Ortega et al. (2009) stated that farmers that choose 
to incorporate crop residues could have to apply higher N rates 
to compensate for a potential N deficiency to maintain their 
yields. While burning crop residues has been reported as 
beneficial for grain yield increase, this practice should  be  
avoided  as  it  reduces  the  organic matter input in the  soil and  
it has negative effects on environment    and   soil quality. 
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Garza et al. (2009) found very low N recoveries: about 9% 
from the manure N inputs lower than the 22 to 25% from the 
fertilizer N inputs. The manure N recovered belowground in soil 
and roots ranged from 82 to 88%. The losses from manure N 
inputs ranged from 3 to 11%, lower than the 34 to 39% lost from 
fertilizer N sources. Excessive application of N dose not increase 
the rate of N uptake by aboveground plant parts. Montoya-
González et al. (2009) concluded that burning crop residue 
increased N mineralization. 

2.2. Bio-fertilization: 
Erik (1986) reported that Maximum N-fixation of pea 

plants  of 10 kg N  ha-1 per day was reached around the flat pod 
growth stage, and the activity decreased rapidly during pod-
filling; and it fixed between 100 and 250 kg N ha, corresponding 
to 45 to 80% of total crop N. The amount depended on the   
climatic conditions the level of soil mineral N and the pea 
cultivar. Field-grown pea took up 60 to 70% of   the N-fertilizer 
supplied. The supply of 50 kg N ha-1 inhibited N fixation by 
15%. Small amounts of fertilizer N, supplied at sowing (starter-
N), slightly stimulated   the   vegetative growth of pea. 

El-Oksh et al. (1991) found that the highest grain yield of 
common bean was odtained with Rhizobium inoculation. While, 
Bhalu et al. (1995) reported that in Rhizobium inoculation 
increased grain yield by 8.5%. Merghany (1999) showed that, 
inoculation of snap beans increased yield as well as the number 
of pods/plant and pods length. 

For   many    years,  a  limited   number    of  bacterial species 
were believed to be nitrogen fixers (Postgate 1981) found that N    
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property with representatives in most of the phyla of Bacteria 
and also in methano genic Archaea (Young, 1992). These 
different microorganisms can replace costly chemical fertilizers, 
improving water utilization, lowering production costs, and 
reducing environmental pollution. Some groups of beneficial 
rhizosphere microorganisms are engage in well-developed 
symbiotic interactions in which particular organs are formed, 
such as mycorrhizas and root nodules, whilst others develop 
from fairly loose associations with the root. The interaction 
between rhizobial bacteria as well as mycrrohiza and the roots of 
leguminous crops has been well researched (Brockwell et al., 
1995) and (Smith and Read, 1997).  Other plant root-microbe 
interactions arise from specific interactions between groups of 
bacteria or fungi that are adapted to live in the rhizosphere. 
Growth promoting rhizobacteria and plant-growth promoting 
fungi affects plant through interactions with potential 
phytopathogens (Azcon-Aguilar and Barea, 1996). Others 
produce compounds that directly stimulate plant growth, such as 
vitamins or plant hormones (Barea, 1997, 2000).  And others, 
such as the fungi Trchoderma, may stimulate plant growth in 
more than one mechanism (Ousley et al., 1994). 

Beneficial plant-microbe interaction in the rhizosphere is 
primary determinants of plant health and soil fertility. Various 
soil micro-organisms that are capable of exerting beneficial 
effects on plants have a potential for use in agriculture and can 
lead to increase yields of a wide variety of crops (Kennedy, 
1998). 

Microbial groups that affect plants by supplying combined 
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nitrogen include the symbiotic N2-fixing rhizobia in legumes, 
actinomycetes in non-leguminous trees, and blue-green algae in 
symbiosis with water ferns; and free-living fixing bacteria of 
Azospirillum affect grass and legume roots (Okon et al., 1998). 

Biofertilizers comprising beneficial rhozobacteria identified 
from genera of Pseudomonas, Azospirillum, Azotobacter, 
Bacillus, Burkholdaria, Enterobacter, Rhizobium, Erwinia and 
Flavobacterium and others were reported to have been used for 
many srops (Rodriguez and Fraga, 1999; Mantelin and 
Touraine, 2004; Sheng and He, 2006; Podile and Kishore, 
2007 and Glick et al., 2007). 

Carranca et al. (1999) estimated   annual rates of N� 
fixation by uninoculated pea as 31 to 107 kg N ha−1 with regular 
rainfall, and from 4 to 37 kg N ha−1 under low rainfall stress. 
Abd El-Fattah and Arisha (2000) and Hamissa et al. (2000) 
reported that Rhizobium inoculation of fabe beand increased the 
number of pods/plant, as well as total green pod yield. 

Walley et al. (2001) found no significant correlation 
between estimates of  N2-fixation  in individual chickpea   plants  
grown  1  m  from  each  other,  suggesting  that  fixation may be 
controlled at the micro scale. Vitousek et al. (2002) reported that 
nitrogen fixation by legumes varies considerably and variability 
occurs both spatially and temporally in response to a host of 
environmental and ecological factors. Sarg and Hassan (2003) 
reported that yield as well as number of pods/plant, pod weight 
and weight of100 seeds increased by Rhizobium inoculation.  

El-Kholi et al. (2004) carried out two experiments to study 
the effect Azospirilum brasilense, Azotobacter chroococcum and 
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Bacillus megatherium under different rates and obtsined 
increaded as followes 11.10%, sucrose 10.61% and sugar yield     
11.26%.  

Abdallah et al. (2004) evaluated inoculation of the 
biofertilizer "Microbine" which is a mixture of N2–fixing 
bacteria and P-dissolving bacteria with application of mineral 
nitrogen fertilizers on okra.  They found that inoculation+71 kg 
N ha-1 surpassed application of 95 kg N ha-1 without inoculation. 

In laboratory and field studies by Wehba et al. (2004) 
studied the growth, yield and quality of carrots and turnip plants 
were studied as affected by inoculation with three isolate of 
Azospirillum lipoferum single or in combination with mineral 
nitrogen fertilizer. Results showed that, vegetative growth, yield 
components and chemical composition were improved 
inoculation alone or combination with chemical nitrogen 
fertilizer. Also, data showed that there were differences among 
the isolates in their effects on both crops; In addition, the two 
crops differed in their response to inoculation and the carrot was 
more response than turnip plant. Azospirillum brasilense is a 
well studied bacterium found    in   the  rhizosphere     of  various    
crop   plants originally defined as a nitrogen fixer but later 
known  for  its  production  of  the  plant  growth  hormone  IAA 
reported to produce growth hormones beside being N-fixer 
(Bashan et al., 2004 and Okon et al.,  1995).  

Arbuscular mycorrhizal (AM) fungi may be involved in 
improved uptake of macro-and micronutrients, increased 
tolerance to stress (by affecting water balance and pathogen 
resistance) and beneficial alternations of plant growth regulators 
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(Manjula et al., 2005 and Raushch et al., 2001). 
Increasing the vegetative growth of pea plants with bio-

fertilizers may be due to increasing soil fertility (Jyoti-Sharma 
et al., 2006). Geneva et al. (2006) found that pea (Pisum 
sativum) were positively affected by inoculation with Rhizobium 
leguminosarum and AM species Glomus mosseae and Glomus 
intraradices Stancheva et al. (2006) demonstrated that dual 
inoculation of pea with AM and N2 fixation activity compared to 
single inoculation of the host with Rh. Leguminosarum and 
depended on AM fungi species increased yield. 

Phosphorus biofertilizers increase availability of P as well 
as P efficiency of biological N2-fixation and availability of Fe, 
Zn, (Kucey et al., 1989). Inoculation of N2 fixing and PSB in 
combination was more effective than the single microbe for 
sorghum, barley, black gram, soybean and wheat (Abdalla and 
Omer, 2001; Alagawadi and Gaur, 1992; Belimov et al., 
1995; Galal, 2003; Tanwar et al., 2002). 

Chalk et al. (2006) stated two ways by which AM enhance 
legume performance. Firstly by promoting plant vigor and 
secondly by symbiotic dependence. 
2.2.1. Microbial management of soil fertility for sustainable 

agriculture: 
The central paradigm for the biological management of soil 

fertility is to utilize farmer’s management practices to influence 
soil microbial populations and processes in such a way as to 
achieve beneficial effects on soil productivity. Microbial 
populations and processes influence soil fertility in a variety of 
ways. These include: 
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(1). increasing the efficiency of nutrient availability. (2) 
Mineralization and nutrient availability (3) decomposition of soil 
organic matter and (4) aggregation of soil particles by fungi and 
bacteria. 
2.2.2. Management of soil by bio-fertilization: 

Agriculture provides a major share of national income and 
export earnings in many developing countries, while ensuring 
food security, income and employment to a huge proportion of 
the population. Controlling erosion and improving the 
management of soil fertility, are now major issues in soil as 
conservation. Soil microorganisms contribute a wide range of 
essential services to the sustainability of soil fertility and nutrient 
cycling, regulating the dynamics of soil organic matter and plant 
nutrients, h (Singh et al., 2011). Direct and indirect benefits of 
adopting microbiological management of soil for sustainable 
agriculture production are (1) reduction of input costs (2) 
prevention of pollution (3) controlling pests and diseases and (4) 
reclaiming non-fertile waste areas. 
2.2.3. Plant   growth   promoting rhizobacteria (PGPR): 

Plant growth promoting rhizobacteria include the N2-fixing 
rhizobacteria that colonize the rhizosphere, (PGPR). in addition 
to rhizobia symbioses. PGPR colonize the rhizosphere around 
the roots, the rhizoplane (root surface) or the root itself (within 
root tissue). And increase affect plant growth in affected and 
decreased deleterious effects of phytopathogens; (Glick, 1995). 
PGPR regulation of various growth parameters/yields of crop/ 
fruit plants has been listed by a number of researched. 
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Table (1): Plant growth promoting rhizobacteria (PGPR) 
regulating various growth parameters/yields of 
crop/fruit plants. 

 
Bacilli and Pseudomonads are the predominant species 

(Podile and Kishore, 2007) and exert direct effects on plant 
growth by production of phytohormones, solubilization of 
inorganic phosphates iron-chelating and the volatile compounds 
that affect the plant signaling pathways. They compete for space 
and nutrients and induce of systemic resistance in plants against 
abroad-spectrum of root and foliar pathogens, also reduce the 
populations of root pathogens in the rhizosphere, Uptake of both 
15 N and ambient, unlabelled N from soils is closely related to 
plant biomass and that mycorrhizae facilitate uptake of 
ammonium nitrogen, resulting in increased plant biomass (Rider 
et al., 2007). Nitrogen mineralization and/or low-soil P 
availability may limit symbiotic N2 fixation (Oberson et al., 
2007).  
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The most negative N and P budgets were recorded in the 
two study areas where the extractable soil P status of the soils 
and the maize yields were high. Pigeonpea incorporated into 
maize-based cropping systems a high portion of N derived from 
the air. (Adu-Gyamfi et al., 2007). The importance of soil 
organisms for plant growth is showen by the symbiotic 
relationship between mycorrhizal fungi and plant (He and   
Nara, 2007). Mycorrhizal (fungal) biomass could be greater with 
ammonium than with nitrate nitrogen for some crops (Hobbie et 
al., 2008). 

Hobbie et al. (2008) concluded that: (1) nitrogen was 
depleted from mycorrhizal fungi  to plants  (2)  limited  nitrate  
reduction  in fungi  restricted transfer  of 15Ndepleted  N  to  
plants  when  nitrate  is supplied and (3)  plants  could  transfer  
assimilated nitrogen to fungi. Dijkstra and Weixin (2008) 
reported that increased in soil moisture can increase N in plant. 
Rodrigues et al. (2008) inoculated rice with Azospirillum    
amazonense and obtained increased grain dry matter (7 to 
11.6%), number of panicles (3 to 18.6%) and nitrogen t grain 
(3.5 to 18.5%). 

More recent findings indicated that the treatment of arable 
soils with plant growth promoting rhizobacteria (PGPR increases 
yields (Harish et al., 2009a,b and Yazdani et al., 2009). The 
PGPR strains Pseudomonas alcaligenes PsA15, Bacillus 
polymyxa BcP26 and Mycobacterium phlei MbP18 had the 
pronounced stimulatory effects on plant growth and uptake of N, 
P and K by maize in nutrient-deficient calcisol soils 
(Egamberdiyeva, 2007). Increased srop yield caused by PGPR 
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is due to production of growth promoting phytohormones, 
phosphate mobilization, production of siderophore and 
antibiotics, inhibition of plant ethylene synthesis and induction 
of plant systemic resistances to pathogens (Kohler et al., 2006; 
Han et al., 2004; Ramazan et al., 2005; Wua et al., 2005; 
Zahir et al., 2004; Zaidi and Mohammad, 2006 and Kohler et 
al., 2006). Very recently, Kavino et al. (2010) reported that P. 
fluorescens strain, CHA0 in combination with chitin increased 
growth, leaf nutrient contents and yield of banana.  

Hauggaard-Nielsen et al. (2009) reported that percent of  
total N derived from the atmosphere  (% Ndfa) at  pea  flowering 
estimated using the 15N natural abundance method ranged from 
65% to 92% with quantitative N2 fixation estimates  from 93  kg  
to 202 kg N ha−1. At maturity %Ndfa ranged from 26% to   81%    
with quantitative N2-fixation estimates from 48 kg to 67 kg N 
ha−1.   

About the mechanisms responsible for enhancement of 
plant growth and nutrients uptake as affected by Azospirillum 
inoculation, Bashan and de-Bashan (2010) showed that the 
most apparent outcomes of most inoculations with Azospirillum 
are the major changes in plant root architecture. Inoculation can 
promote root elongation (Dobbelaere et al., 1999; Levanony 
and Bashan, 1989), development of lateral and adventitious 
roots (Creus et al., 2005; Molina Favero et al., 2008), root hairs 
(Hadas and Okon, 1987) and branching of root hairs (Jain and 
Patriquin, 1985), It is generally accepted that these 
developmental responses in root morphology are triggered by 
phytohormones, possibly aided by their associated molecules. 
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The fundamental question is: one hormone or several or a fine 
tuned combination of several hormones?-all of which were 
produced by the bacterium, but mainly in vitro. Inoculated plants 
absorbed more minerals and water, and in many cases, were 
more vigorous and greener, and showed enhanced plant growth. 
Several possible mechanisms were suggested to explain these 
phenomena, some with more experimental data than others. Yet, 
there is no definite agreement on exactly how the bacteria can 
effect plant growth. Is this a result of an input by the bacteria and 
can we manipulated Bashan and de-Bashan (2010) pointed out 
that these questions are the driving force in Azospirillum 
research. Chen et al. (2010) reported that mycorrhiza clover 
increased the ratio of plant growth as well as N, P concentration. 

2.3. Fertilization of chemical soluble N fertilizers: 
Urea constitutes 40% of total synthetic fertilizer 

consumption in the world, thus it is  the  most  extensively  
utilized  synthetic fertilizers (International  Fertilizer Industry   
Association, 2006), It is rapidly  hydrolyzed  by  urease  to NH3 
within 1 week in  soil (Han  et  al.,  2004). The protonation  of  
NH 3 via  NH3 +H2 O → NH4 + OH after urea hydrolysis 
increases soil pH  resulting  in  N loss due to   NH3 volatilization  
(Fenn and  Hossner  1985). 

High available N and CO2 states in soil may affected 
nitrification of ammonium Hungate et al. (1997) Elevated CO2  
may alter soil substrate availability for nitrifiers by altering   
NH+4 production  rates as a consequence of higher labile  carbon    
input to the soil, but  the  magnitude and  direction  of  changes  
in mineralization vary considerably (Hoosbeek et al., 2006; 
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Hungate, 1999 and Reich et  al., 2006). Nitrification, rate 
affects nitrogen leaching losses through the production of the 
highly mobile nitrate form (Carnol and Ineson, 1999). Some     
reports Williard et al. (1997); Christ et al. (2002); Chen and 
Mulder (2007) indicate that net nitrification potentials might  
account  for  the  difference  in  nitrate  leaching under  field  
conditions. Qian and Cai (2007) observed high leaching loss of 
N in soil of high nitrification potential. Increased soil moisture   
could   slow down nitrification (Brady and Weil 2002; Breuer 
et al., 2002). and increase  nitrogen uptake (Garten and Van 
Miegroet,  1994; ( Miller and Bowman 2002). 

Excessive application of soluble N fertilizers increases 
vegetative growth as well as nitrogen accumulation within the 
plant (Everaarts et al., 1996; Van den Boogaard and Thorup-
Kristensen, 1997 and Thompson et al., 2000) (Nilsson, 1980;   
Rahn et al., 2003). More than 55% of nitrogen absorbed by 
plants. In studied on cauliflower plants was in the   aboveground 
crop residues (Everaarts 2000; Bissuel Bélaygue et al., 2004 
and Walley et al. (2001) found that the soil mineral 15N 
abundance vary significantly within distances as short as 30 cm. 

El-Khatib (2003) applied 48 kg N/ha to pea plants and 
obtained increased weight of seed/pod and weight of 100 seeds. 
Sarg and Hassan (2003) reported that yield and its components 
increased with increasing N to 60 kg/fed. 

Zhang and Tillman (2007) reported that nitrogen use 
efficiency ia affected by the time of N application and it was 
highest when application was in the crops. Nboyet et al. (2009) 
reported that potential nitrification was higher in presence of   
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high N was stimulated by elevated CO2. Gross mineralization     
and NH4+ consumption rates were also increased in response     
to elevated CO2 in presence of high N potential denitrification    
increased in response to N addition. Joseph and Henery (2009) 
observed that retention of N during the outrun and winter to the 
spring depends on it is uptake by plants. 
2.4. Interaction: 

Asagi and Ueno (2009) observed that N uptake by rice and 
the residual N in soil derived from green manure was greater 
when incorporated is higher than when left on soil surface,  
indicating  that N losses  from the  soil-plant system  were  lower  
with incorporation of organic manure. Schipanski et al. (2009) 
showed that nitrogen pod was inversely correlated with N   
fixation and was statistically significant for inorganic N and 
occluded organic N; also soil N uptake by N2-fixing soybeans. 
Data released from a field experiment conducted by Otieno et al. 
(2009) elucidated the response of common bean, lima bean, 
green gram and lablab to rhizobial inoculation, farmyard manure 
and inorganic fertilizer nitrogen. They found that nitrogen 
fertilizer application decreased nodulation where as rhizobial 
inoculation. Application of manure improved nodulation and 
grain yield. 

Xu et al. (2008) concluded that roots were stronger 
competitors than microorganisms for inorganic N, but 
microorganisms out competed plant roots during a short period 
for organic N, which was mineralized into inorganic N within a 
few hours of application to the soil. 

Gül et al. (2007) conducted experiments to compare the 
effect of nutrient source (organic manure and inorganic nutrient 
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solution) on cucumber and found that manuring gave lower yield 
by 22.4% comparison with inorganic solution.  

Garcia-Ruiz and Baggs (2007) observed that strong N-
immobilization of soil N occurred upon application with the high 
polyphenol (2%) and lignin (11%) contents and the 15N-N2O 
data indicated that residue quality had no effect on the                          
denitrification of applied fertilizers-N. Meijide et al. (2007) and 
Vallejo et al. (2006) support the idea that in soils with low 
organic C under semi-arid conditions organic fertilizer can 
mitigate N2O emissions compared to mineral fertilizers under 
conditions favouring denitrification. El-Etr et al. (2004); 
Solaiman and Rabbani (2006) and Susheela-Negi et al. (2007) 
indicating that using the bio-fertilizers in addition to organic-
fertilizer (compost) caused a significant increase in plant growth, 
yield and quality. A large number of studies have focused on the 
comparison between inorganic and organic N acquisition by 
plants in a wide variety of terrestrial ecosystems. While some 
studies showed lower uptake rates of organic N than of  
inorganic  N  (Henry  and Jefferies, 2003), others demonstrated 
that many plants are able to take up organic N at similar rates or 
faster  than  inorganic  N  (Cheng and Bledsoe, 2004; Henry  
and Jefferies, 2003; Thornton and Robinson, 2005 and 
Weigelt et al.,  2005). Competition for inorganic and organic N 
between plants and soil microorganisms has been explored   
under   both field and controlled conditions. Although it has been 
suggested that soil microorganisms compete well with plants for   
organic and inorganic N inputs (Bardgett et al. 2003; Cheng    
and Bledsoe, 2004). Studies on organic manures such as solid, 
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chicken manure (Bateman et al., 2005), cattle manure (Choi et 
al., 2006) and steep liquor (Nakano et al., 2003) show that  such 
materials increased 15N enrichment in plant tissues when 
compared with synthetic fertilizer applications. 

Baggs  et al. (2003); Hadas et al. (2004) and   Sarkodie-
Addo (2003) expressed the importance of clarifying the relase 
of N2O following combined applications of organic and 
inorganic-N as employed in integrated cropping systems. Jensen 
and Nielsen (2003) reported that fixation of N2 by 
microorganisms is on alternative for supplying N to crops in 
clean agriculture of organic fertilization. 

Stephen and Nybe (2003) found that treatments involving 
complete organic and biofertilizers + organic + inorganic 
combinations exhibited higher values of available soil nutrients. 

Lipson   and Nasholm, (2001) and   Schimel and Bennett 
(2004) reported that ectomycorrhizal fungi primarily increase N- 
availability for pants.  

Hamissa et al. (2000) found that the highest yield of faba 
bean was recorded with plants which received 30 kg/fed P2O5 

and inoculation with biophosphatic fertilizer than other 
treatments. Similarly, Shibra and Mitiku (2000) suggested that 
inoculation of common bean with Rhizobium and use of 23 kg N 
/ha gave increased grain yield, Hewedy et al. (2003), indicated 

that inoculation of bean seeds with  mixture  n-fixing and P- 
dissolving biofertilizers. Kirchmann and Thorvaldsson (2000) 

noted that organic inputs, such as plant residues and compost 
improve soil physical; condition. Hobbie  et  al. (2000) and 

Schmidt and Stewart (1997) observed that mycorrhizal  
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symbioses  appear  to  greatly  affect  nitrogen isotope patterns of 
the plant and fungal partners, with ectomycorrhizal plants 

generally depleted in  15N  relative to the available N sources of 
ammonium, nitrate and  organic nitrogen. Soils in arid-semiarid 
areas typically have low organic carbon contents.  Incorporation 
of organic matter or mineral N fertilizers produce higher fertility 

in these soils but at the same    time can   increase microbial 
emissions of N2O and NO (Dick et al., 2001and Peoples et al., 

1995).
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3. MATERIALS AND METHODS 
Two field experiments were conducted in the Plant 

Nutrition and Fertilization Unit, Soils and Water Department 
Nuclear Research Center, Atomic Energy Authority, Inshas, 
Egypt, on two crops pea Pisum Ssativim and cucumber (Cucumis 
Ssativus) to assess the optimization and benefits from bio and 
organic fertilization using 15N tracer technique 
3.1. Growth medium (soil of the experiments): 

Soil of the field of experiment is sand in Inshas, Sharkia 
Governorate. Soil representative sample was taken air dried 
ground and sieved to pass through a 2 mm sieve then subjected 
to physical and chemical analysis. 
Table (2): Physical and chemical properties of soil of the 

experiment. 

Property Value 
Particle size distribution (%) 
Coarse sand 64.10 
Fine sand 26.40 
Clay 6.80 
Silt 2.70 
Soil Texture sand 
pH (1:2.5) 7.97 
E.C. (dS m-1) past extract 0.27 
Total N  g Kg-1 soil 0.07 
Available N  (mg kg-1 soil) 5.00 
Ions m molc L-1  past extract 
Ca 1.25 
Mg 1.00 
Na 0.32 
K 0.09 
SO4

-- 0.53 
CO3

-- 0.00 
HCO-

3 0.88 
Cl- 1.25 
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Table 3: Properties of organic compost used in the study 

Property Value 

pH (1:2.5 water)  6.70 

E.C. (dS m-1) 1:1 extract 12.70 

Total N   g kg-1  28.3 

Total P    g kg-1 8.4 

Total K    g kg-1 6.9 

C/N ratio 12.6 

Organic matter g kg-1 569 

3.2. Organic compost: 
The organic compost used in this experiment was prepared by 

composting a mixture of organic manures (A) [cattle +poultry 
+goat] + plant residues (B) [wheat+ barley + chickpeas + lupine 
straw]. The mixture consists of 50% A+50% B. To enhance 
composting 2 kg of agricultural sulphur + 2 kg ammonium sulphate 
+2 kg Ca-super phosphate were added to each m3 of residues. 

3.3. Biofertilizers: 
The biofertilizers used in the study were inoculate of 

Rhizobium (Rh), Azospirillum (Sp) and the fungi Mycorrhizae 
fungi (AMF) were used as biofertilizers (nitrogen fixing 
microorganisms). The nitrogen fixing bacteria were provided by 
Agricultural Research Center, Ministry of Agriculture while 
mycorrhizae fungi was isolated and prepared by the staff of soil 
microbiology unit, Department of Soil and Water Research, 
Nuclear Research Center, Atomic Energy Authority. The fungal 
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spores were separated from soil of maize field using wet sieving 
technique (Gerdemann and Nicolson, 1963). Rhizobium, 
Azospirillum were added at sowing mixed with seede but 
Mycorrhizae fungi was added after sowing by adding to soil. 

3.4. Mineral fertilizer: 
Ammonium sulphate was used as a source of mineral N 

fertilizer. 15N-labeled ammonium (2% 15N atom axcess) was 
applied in equal doses: first was   two weeks after planting the 
second was two weeks after the first one. 

3.5. The field experiments: 
Two field experiments were, assessing application of N in 

totally organic or totally mineral or different mixtures with the 
rat of N (being fixed) with or without biofertilizers   carried out 
following design factorial complete block design with three  
replicates. In the first one, pea was planted and in the second 
cucumber was planted in the same plots. 

Factors of the experiment were two. The first factor was N-
fertilization, the second factor was biofertilization .the amends of 
factors were as follow: Factor 1:six treatments as follow (no-
fertilization, 100% as organic form,100% as mineral form, (75% 
org.+25% min), (50% org. + 50% min.) and (25% org.+75% 
min.). Factor 2Lfour treatments as follow non, Rh, Sp and AMF. 
Thus there were 24 treatments representing the different 
contsinatery   of two factors.   
3.5.1. The pea experiment: 

The experiment was carried out under drip irrigation 
system. The area of each plot was 13.5 m2 (9 X 1.5) and consists 
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of 2 rows. Pea (Pisum sativum L.) seeds were planted at 30 
December 2008. Plots receiving were given N at rate of 151kg N 
ha1 whether all ad organic n or mineral or combination of 
both.All plots were given48 kg P ha-1 as super phosphate 6.8%P 
and 120 kg K ha-1 as potassium sulphate40% K. Potassium 
fertilizers were added at three equal portions, i.e. 20, 35, and 50 
days after sowing while super-phosphate was added at one time 
before sowing. The mineral nitrogen fertilizer was ammonium 
sulphat 21%N and was given 3 doses along with K fertilizer.  
3.5.2. The cucumber experiment: 

Cucumber (Cucumis sativus var. sativus L.) seeds were 
planted at 10 June 2009.Polts which received N were given 
atotal rate of 151 kg ha-1 either totally organic or totally mineral 
or combination of both (as with pea) .All plots received 24kg P 
ha-1 and 96kg k ha-1 timing and methods of  application methods 
resembled  those of pea experiment. 

Plants growth stages (in days after sowing'd') were as follow: 
pea vegetative growth (30 d.), flowering stage (60 d.), and 
harvesting stage (90 d.).Cucumber vegetative growth (30 d.), 
flowering stage (60 d.), and harvesting stage (120 d.). Plants were 
taken, and the oven dry weight was recorded. Total nitrogen 
content and 15N atom excess were measured by Kjeldahl method 
and emission spectrometry (NOI-6 PC), respectively. 

3.6. Statistical analysis: 
The obtained data were subjected to ANOVA analysis for 

LSD at P 0.05 as described by SAS SOFTWARE program, 
(2002). 
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3.7. Methods of analysis: 
3.7.1. Soil analysis: 

Soil samples were collected from layer (0-15 cm depth) of 
the soil surface, Soil samples were air-dried, ground and sieved 
to pass through a 2 mm sieve then thoroughly mixed to be 
homogenous and analyzed for both the physical and chemical 
properties. 

3.7.2. Physical determinations:  
-Mechanical analysis of the soil was curried out using the 

international pipette method as described by (Piper 1950) 

3.7.3 Chemical determination: 

- Soil reaction (pH) was measured using (1:2.5) soil suspension 
(McLean, 1982). 

- Electrical conductivity (EC) of the soil extract was measured 
using past extract (Rhoades, 1982). 

- Calcium carbonate was determined using Collin's calcimeter 
according to (Piper 1950). 

- Soil organic matter was determined according method of 
Walkley and Black (Jackson, 1973). 

- Total-N content in soil was determined using the Kjeldahl 
method as described by (Bremner and Mulvaney 1982).  

3.7.4. Soluble cations and anions determination: 
- Soluble cations and anions were analyzed in saturated extracts 

according to Jackson (1973). 

- Sodium and potassium were determined by flame photometer.     

- Calcium and magnesium were determined by versinate method. 
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- Carbonate and bicarbonate were determined by titration. 

- Chloride was determined by titration with silver nitrate. 
- Sulfate was determined by the difference between the sum of 

cations and the determined anions  
3.7.5. Plant and organic material analysis 
- Soil reaction (pH) was measured using (1:2.5) soil suspension  
- Electrical conductivity (EC) of the soil were measured using 

(1:5) extract organic matter content was determined according 
to method of Walkley and Black (Jackson, 1973).  

- Total N-content was determined using the Kjeldahl method and 
total P and K was determined in concentrated sulphuric, 
perchloric acid mixtures (Bremner and Mulvaney 1982). 

3.7.6. 14N/15N analysis: 
15N- was analyzed by an automated emission spectrometer 

(NOI-6PC) following the description of IAEA, (2001).   
Percentages of N-derived from fertilizer (%Ndff), N-

derived from air (%Ndfa), N-derived from compost (%Ndfc) and 
N-derived from soil (%Ndfs) were calculated according to the 
following equations: 

                                    15N atom excess in sample 
% Ndff  =                            ×  100 

                                  15N atom excess in fertilizer added  
 

                                    15N atom excess in fixing plant  
% Ndfa  =                             ×  100 

                                   15N atom excess in non-fixing plant  
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                                 15N atom excess in untreated with compost    
% Ndfc  =                                ×  100 

                                  15N atom excess in treated with compost 
 
% Ndfs  = 100-(% Ndff+ % Ndfa+% Ndfc)     

                                    
 

Ndff g ha-1 

NUE%=                                 ×  100 
 Rate of addition g ha-1
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4. RESULTS AND DISCUSSION 
4.1. Pea Experiment: 
4.1.1. Fresh and dry weight: 
4.1.1.1. Vegetative: 

As shown in Table 4, the fresh weight of pea organs at 
vegetative and flowering stages was positively affected by Rh 
inoculation as compared to un-inoculated. This holds true, except 
25% MF+75% OC treatment, under all fertilization treatments. 
At vegetative stage, Rh inoculation (24.69 kg ha-1) had increased 
fresh weight on average by about 16.0% over the un-inoculated 
(21.09 kg ha-1). The Rh inoculation unfertilized treatments (0 
MF, 0OC) gave more growth by 46% over the un-inoculated 
plants. Concerning the effect of AMF inoculation at vegetative 
stage, pea fresh weight was not  changed from those recorded 
with the un-inoculated treatment as affected by fertilization 
treatments except the treatment of 50% MF + 50% OC where the 
fresh weight (35.86 kg ha-1) was relatively increased by about 
23% over the un-inoculated (29.18 kg ha-1) treatment. 

At flowering stage the fresh weight was significantly 
increased by inoculation over those recorded with the un-
inoculated treatment as affected by AMF and fertilization 
treatments except the unfertilized. In this regard, the most 
significant increase was induced by application of 100% OC 
(55.31 kg ha-1) where it relatively increased by about 96%over 
the un-inoculated (28.28kg ha-1) treatment. The treatment of 50% 
MF + 50% OC (44.99 kg ha-1) came to the next. 

Inoculation with Sp resulted in high increases in fresh weight 
at vegetative stage. With application of 25% MF + 75% OC, 100% 
OC and the unfertilized (0 MF; 0 OC). Giving 173%, 154% and 
188% over the un-inoculated unfertilized, respectively. 
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Table 4: Fresh weight of pea kg ha-1 at vegetative and 
flowering stage as influenced by mineral, organic 
and bio- fertilizers. 

Inoculation  B 
Mean Sp AMF Rh Uninoc

Fertilization  A 

Vegetative Organic Mineral 
14.67 27.57 8.45 13.49 9.19 0% 0% 
16.45 12.30 15.86 20.45 17.19 0% 100% 
16.45 13.63 15.41 20.01 16.75 25% 75% 
30.00 23.47 35.86 31.46 29.18 50% 50% 
29.52 41.97 26.14 23.83 26.14 75% 25% 
30.49 31.83 26.32 37.52 28.10 100% 0% 
15.60 25.13 21.34 24.46 21.09 Mean 

Flowering 
14.16 7.57 16.45 14.08 18.53 0% 0% 
33.30 38.24 36.99 30.41 27.57 0% 100% 
32.75 35.86 42.98 35.57 16.60 25% 75% 
83.57 37.05 45.05 37.35 34.83 50% 50% 
32.40 38.18 33.43 36.99 20.99 75% 25% 
41.39 52.28 55.31 29.70 28.28 100% 0% 
32.09 34.86 38.37 30.68 24.46 Mean 

Rhizobium Rh AB B A L.S.D 
Mycorrhizae AMF 0.60 0.37 0.36 vegetative 
Azospirillum Sp 0.86 0.53 0.52 flowering 
uninculation uninoc    
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4.1.1.2. Flowering: 
At the flowering stage, highly significant increases in fresh 

weight were detected with Sp inoculation against the un-inoculated 
treatment. This holds true under the all fertilized treatment. 

The overall averages of fertilization treatments "the main 
effect" indicate the superiority of 50% MF + 50% OC treatment 
over others when the vegetative stage was concerned. It could be 
ranked as follow: 50% MF + 50% OC ≥ 100% OC ≥ 25% MF + 
75% OC = 75% MF + 25% OC ≥ 100 MF Unfertilized. In case 
of flowering stage the fertilization treatments could be arranged 
as following: 25% MF + 75% OC ≥ 50% MF + 50% OC ≥ 100% 
OC ≥ 75% MF + 25% OC ≥ 100% MF ≥ Unfertilized. 

The main effect of inoculation treatments show that Rh and 
Sp inoculations were superior over AMF and the un-inoculated 
treatments where the vegetative growth stage was considered. At 
the flowering stage, the main effect of inoculation indicate that 
AMF inoculation gave the highest as compared to Rh and Sp 
inoculation. 

The obtained results gave us the chance to conclude that 
application of mineral and organic fertilizers in ratio of 50:50% 
in combination with any of microbial inoculants is beneficial for 
improving pea fresh weight. 

Based on these results it can be concluded that seed 
inoculation with compatible strains of the bacteria Rh would  
lead to nitrogen fertilization reduction and in the same time 
increase  yield. 

Brkić et al. (2004) found that the highest values of yield of 
green mass, dry matter were obtained with inoculated seed 
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variants with molybdenum application, except the average 
nodule number per plant where the highest values were achieved 
without molybdenum. The effect of nitrogen fertilization 
depended on the soil type. 

The obtained results are in agreement with the results 
presented by Waterer et al. (1992), who reported positive 
effects of seed inoculation with compatible nodule bacteria 
strains, reduced applications of nitrogen fertilizers application on 
yield and quality of soybean and pea. 

Stancheva et al. (2006) grew pea in a glasshouse until 
flowering stage (35 days) and found that plants were positively 
affected by inoculation of arbuscular mycorrhizal fungi (AM) 
species Glomus mosseae and Glomus intraradices and Rh 
leguminosarum bv. Viciae, strain D293 where it increase plant 
biomass, nodulation parameters, N2 fixation activity. 

As reported in Table 5, the dry weight of pea organs at 
vegetative and flowering stages followed the same trend as 
noticed with the fresh weight Table 4. 
4.1.1.3. Hay:   

Hay fresh weight was significantly positively affected by 
N-fertilization as well as biofertilizer Table 6. Application of 
100% mineral fertilizer MF without inoculation increased the 
hay fresh weight by about 25% over those recorded with the 
unfertilized un-inoculated .Under condition of no biofertilization, 
combination mineral and organic fertilizers of 75% MF + 25% 
OC gave the highest relative increase (71%) in hay fresh weight 
over non- fertilized non –inoculated  followed by those of 50% 
MF + 50% OC (26%) and 100% OC (25%), while the treatment 
of 25% MF + 75% OC gave  a non-significant 5% decrease. 



 
 

 

38

Table 5: Dry weight of pea kg ha-1 at vegetative and flowering 
stages as influenced by mineral, organic and bio-
fertilizers.  

Inoculation  B 
Mean Sp AMF Rh Uninoc

Fertilization  A 

Vegetative Organic Mineral
7.89 15.67 4.45 6.00 5.45 0% 0% 
7.92 5.67 9.00 7.78 9.23 0% 100% 
8.16 6.89 9.67 10.52 5.56 25% 75% 
10.77 6.78 15.45 12.52 8.34 50% 50% 
10.20 14.89 9.34 7.11 9.45 75% 25% 
12.26 14.12 11.12 15.23 8.56 100% 0% 
9.53 10.67 9.84 9.86 7.76 Mean 

Flowering 
13.42 18.12 11.23 7.56 16.78 0% 0% 
20.12 18.12 26.79 14.67 20.90 0% 100% 
15.37 23.12 12.56 18.01 7.78 25% 75% 
21.31 9.11 16.67 17.90 41.57 50% 50% 
19.18 30.12 11.34 23.01 13.45 75% 25% 
26.29 21.45 38.01 28.45 17.23 100% 0% 
19.33 20.01 19.44 18.27 19.62 Mean 

Rhizobium Rh AB B A L.S.D 
Mycorrhizae AMF 0.68 0.42 0.41 vegetative 
Azospirillum Sp 5.27 3.21 3.18 flowering 
uninculation uninoc    
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Fig. 1: Effect of mineral,organic  and bio-fertilizer on fresh 

weight(kg/ha)at vegetative growth stage of pea plant. 

  
 
 
 
 
 
 
 
 
 
 
Fig. 2: Effect of mineral, organic and bio-fertilizer on fresh 

weight (kg/ha)at flowering growth stage of pea plant. 
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Fig.3: Effect of mineral,organic  and bio-fertilizer on dry 

weight (kg/ha)at vegetatine growth stage of pea plant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4: Effect of mineral, organic and bio-fertilizer on dry weight 

(kg/ha) at flowering growth stage of pea plant. 
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Table 6: Fresh weight of pea kg ha-1 hay, seeds and shell as 
influenced by mineral, organic and bio-fertilizers. 

Inoculation  B 
Mean Sp AMFRh Uninoc

Fertilization  A 

Hay Organic Mineral
113.30 99.74 98.51136.64111.74 0% 0% 
128.27 92.18 111.15141.68140.05 0% 100% 
174.95 163.76151.53193.18190.88 25% 75% 
128.86 120.63111.67142.35140.64 50% 50% 
97.00 90.77 84.03107.07105.81 75% 25% 
128.04 119.89111.00141.46139.75 100% 0% 
128.42 120.34111.37143.75138.12 Mean 

Seeds 
6.34 6.72 3.59 10.55 4.48 0% 0% 
13.40 14.23 7.60 22.29 9.48 0% 100% 
19.98 21.23 11.3333.24 14.15 25% 75% 
21.64 22.99 12.2735.99 15.32 50% 50% 
19.45 20.67 11.0332.35 13.77 75% 25% 
37.07 39.38 21.0161.66 26.24 100% 0% 
19.65 20.87 11.1432.69 13.91 Mean 

Shell 
12.30 8.52 9.78 22.38 8.23 0% 0% 
69.51 48.17 56.61126.4146.76 0% 100% 
71.80 49.80 58.46130.6448.31 25% 75% 
58.46 40.53 47.57106.3339.35 50% 50% 
46.61 32.31 38.0184.84 31.42 75% 25% 
83.36 57.72 67.88151.5356.09 100% 0% 
56.98 39.50 46.46103.6738.38 Mean 

Rhizobium Rh AB B A L.S.D 
Mycorrhizae AMF 9.39 5.72 5.66 Hay 
Azospirillum Sp 4.74 2.89 2.86 Seeds 
uninculation uninoc 5.70 5.64 Shell 
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Comparison between biofertilization treatments which 
received N-fertilizers showed increases by inoculation except 
that the "25% MF + 75% OC" which showed significant 
decrease of 9, 15 and 21% due to Sp, AMF and Rh biofertilizers 
respectively. 

Comparison betwwen microorganisms shows main effects 
of superiority of Rh over Sp then AM Fungi. The treatment of 
75% MF + 25% OC gave the highest dry matter while the lowest 
weight was obtained with 25% MF + 75% OC. The 50% MF + 
50% OC was superior to 100% MF only in presence of Sp, 
otherwise both treatments were similar. 
4.1.1.4. Seeds: 

Seeds fresh weight was significantly increased by addition 
of mineral or organic fertilizers singly or combined with or 
without biofertilization Table 6. The 100% OC gave the highest 
weight compared with either non-fertilized or the other fertilized 
treatments. Under no-biofertililization this treatment induced 
relative increase in seeds fresh weight by about 4 folds. 
Treatments of 50% MF + 50% OC, and 75% MF + 25% OC 
came next. Similar trends, were observed when the above 
mentioned fertilization treatments were applied under 
biofertilization. Regarding the biofertilization treatments the 
main effect shows increases due to Rh (132%) and Sp (50%) but 
decreased (19%) due to AMF. The overall average of 
fertilization treatments show superiority of 100% OC over 
others. In this respect, the fertilization treatments could be 
ranked as follow: 100% OC ≥ 50% MF + 50% OC ≥ 75% MF + 
25% OC ≥ 100% MF ≥ non-fertilized. 
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4.1.1.5. Shells: 
Concerning shell fresh weight, data reveal enhancement 

with application of fertilizers singly or in combination 
Relatively, the addition of 100% MF; (75% MF + 25% OC); 
(50% MF + 50% OC); (25% MF + 75% OC); 100% OC resulted 
in increases giving values of   more than 4 folds up to 6 folds. 
Comparing biofertilizers show that Rh gave170% average 
increase in shell fresh weight compared   with the un-inoculated. 
Inoculation with AM came next followed by Sp increasing of 
21% and 3% respectively. Treatments could be ranked as 
follows: 100% OC ≥ 100% MF = (75% MF + 25% OC) ≥ (50% 
MF + 50% OC) ≥ (25% MF + 75% OC). 

Generally, organic compost added either solely or in 
combination the mineral fertilizer increased growth parameters 
of pea plants. This effect was more pronounced when combined 
with biofertilization. Inoculation with Rh was more effective 
than others. It could be concluded that the use of organic 
amendments either alone or in combination with low rates of 
mineral fertilizer in combination with biofertilization could 
compensate for part of N-fertilizers. Concerning the effect of 
treatment on pea dry weight (Table 3) results show patterns 
similar to those shown by the fresh weight. 

The increment in vegetative growth of pea plants by adding 
compost reflects the improvement in physical and chemical 
properties of the soil. 

These results are in harmony with those reported by El-
Desuki et al. (2010); Abdel-Mouty et al. (2001); Awad, (2002); 
El-Etr et al. (2004) and Hafez and Mahmoud (2004). 
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Improving the vegetative growth (fresh weight) of pea plants 
(Table 2) lead to increasing of seed yield. These results are 
agreement with those reported by El-Etr et al. (2004); Solaiman 
and Rabbani (2006) and Susheela-Negi et al. (2007). 

Increasing the vegetative growth of pea plants by n-fixation 
bio-fertilizers application reflects their role in increasing soil 
fertility and increasing availability of nutrients. These results are 
in harmony with those reported by Jyoti-Sharma et al. (2006). 

Stimulation effect of compost and bio-fertilizers along with 
moderate rates of mineral fertilizer on improved soil fertility  
was reported  by El-Etr et al. (2004); Solaiman and Rabbani 
(2006) and Susheela-Negi et al. (2007). 

Similar trends of pea plant response to organic, mineral and 
biofertilizers were recorded where dry weight was concerned 
Table 7. 
4.1.2. Nitrogen uptake: 

Nitrogen uptake by plants at vegetative and flowering 
stages as affected by mineral, organic and bio-fertilizers was 
presented in Table 8, and graphically illustrated by Figures 11 
and12.   
4.1.2.1. N-uptake at vegetative stage: 

Application of 100% mineral N at the vegetative growth 
stage resulted in an increase of N uptake giving 351g ha-1 as 
compared to the unfertilized, un-inoculated treatment which gave  
98 g ha-1. Similar trends were, noticed with other fertilization 
treatments. In this respect, the treatment of 50% MF + 50%OC 
came next (235.32 g ha-1) followed by 25% MF + 75%OC 
(213.8 g ha-1) and 100% OC (198.02 g ha-1).  
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Table 7: Dry weight of pea kg ha-1 hay, seeds and shell as 
influenced by mineral, organic and bio-fertilizers. 

Inoculation  B 
Mean Sp AMFRh Uninoc

Fertilization  A 

Hay Organic Mineral 
22.42 21.7522.1525.53 20.24 0% 0% 
29.97 27.7025.3836.91 29.89 0% 100% 
37.92 35.6538.5844.21 33.25 25% 75% 
33.17 30.2032.9835.70 33.78 50% 50% 
19.12 24.8225.2729.17 25.68 75% 25% 
22.56 19.8118.1732.03 20.24 100% 0% 
27.53 25.8225.1931.91 27.18 Mean 

Seeds 
1.72 1.82 0.97 2.87 1.22 0% 0% 
5.36 5.69 3.04 8.91 3.79 0% 100% 
4.66 4.95 2.65 7.75 3.30 25% 75% 
4.84 5.14 2.74 8.05 3.42 50% 50% 
5.45 5.79 3.09 9.06 3.86 75% 25% 
6.71 7.13 3.80 11.16 4.75 100% 0% 
4.79 5.09 2.71 7.97 3.39 Mean 

Shell 
1.50 1.05 1.20 2.76 1.02 0% 0% 
8.45 5.88 6.91 15.42 5.71 0% 100% 
8.30 5.76 6.76 15.10 5.59 25% 75% 
6.22 4.32 5.07 11.32 4.19 50% 50% 
5.54 3.84 4.51 10.08 3.73 75% 25% 
12.49 8.66 10.1822.73 8.42 100% 0% 
7.09 4.91 5.77 12.90 4.77 Mean 

Rhizobium Rh AB B A L.S.D 
Mycorrhizae AMFN.S 3.37 3.33 Hay 
Azospirillum Sp N.S 1.03 1.02 Seeds 
uninculation uninoc 0.88 0.87 Shell 



 
 

 

46

0

50

100

150

200

250

Uninoc Rh AMF Sp

Inoculation

kg
/h

a

0% Min+0% Org % 100  Min+0% Org 75% Min+25% Org
50% Min+50% Org 25% Min+75% Org 100% org+0% Min

0

10
20

30

40

50
60

70

Uninoc Rh AMF Sp
Inoculation

kg
/h

a

0%Min+0%Org %100  Min+0%Org 75%Min+25%Org
50%Min+50%Org 25%Min+75%Org 100%org+0%Min

 
  
 
 
 
 
 
 

 
Fig. 5: Effect of mineral, organic and bio-fertilizer on fresh 

weight (kg/ha) by hay of pea plant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Effect of mineral, organic and bio-fertilizer on fresh 

weight (kg/ha) by seeds of pea plant. 
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Fig.7: Effect of mineral, organic and bio-fertilizer on fresh 

weight (kg/ha) by shell of pea plant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Effect of mineral, organic and bio-fertilizer on dry 

weight (kg/ha) by hay of pea plant. 
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Fig. 9: Effect of mineral, organic and bio-fertilizer on dry 
weight (kg/ha) by seeds of pea plant. 

 
 
 
 
  
 
 
 
 

 
 
 
 
Fig.10: Effect of mineral, organic and bio-fertilizer on dry 

weight (kg/ha)by shell of pea plant. 
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Table 8: Nitrogen uptake g ha-1 by pea plants at vegetative 
and flowering stage as influenced by mineral, 
organic and bio-fertilizers. 

Inoculation  B 
Mean Sp AMFRh Uninoc

Fertilization  A 

Vegetative Organic Mineral 
158.6 328.5 80.3 127.1 98.57 0% 0% 
195.0 107.4 205.7116.3 350.7 0% 100% 
200.9 134.3 228.6260.3 180.4 25% 75% 
240.2 155.8 319.6250.1 235.3 50% 50% 
230.1 290.8 241.9174.0 213.7 75% 25% 
267.6 321.9 220.6330.1 198.0 100% 0% 
215.4 223.1 216.1209.6 212.8 Mean 

Flowering 
241.2 325.6 201.8135.8 301.7 0% 0% 
401.8 361.8 535.0293.0 417.3 0% 100% 
322.2 484.8 263.4377.6 163.1 25% 75% 
498.0 209.3 416.9411.0 954.8 50% 50% 
427.9 661.7 249.0505.4 295.4 75% 25% 
647.8 514.1 982.1681.9 412.9 100% 0% 
423.1 426.2 441.4400.8 424.2 Mean 

Rhizobium Rh AB B A L.S.D (0.05) 
Mycorrhizae AMF 7.84 4.78 4.73 vegetative 
Azospirillum Sp 19.92 12.14 14.09 flowering 

uninculation uninoc     
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Fig.11: Effect of mineral, organic and bio-fertilizer on 

nitrogen uptake (g/ha) at vegtative growth stage of 
pea plant. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12: Effect of mineral, organic and bio-fertilizer on 

nitrogen uptake (g/ha) at flowering growth stage of 
pea plant. 
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Inoculation with Rh combined with 100% MF showed 
lower uptake (116.3 g ha-1) as compared to the unfertilized 
treatment (127.1g ha-1). High significant increases in N uptake 
were noticed with other combinations of mineral and organic 
fertilizers plus Rh inoculation than those recorded with the 
unfertilized inoculated treatment. In this regard, the highest 
increase of N uptake was recorded with 100% organic fertilizer 
(330.14g ha-1). Inoculation with AMF plus combined 
fertilization treatments resulted in an increase of N uptake. 
Nitrogen uptake by pea plants as affected by Sp inoculation in 
combination with different organic and mineral fertilization 
treatments showed significant gradual declines trend as 
compared to the unfertilized treatment. In conclusion, the overall 
averages of fertilization treatments indicate that the highest value 
of N uptake at vegetative growth stage was by 100% organic 
compost followed by 50% MF + 50%OC. At the same time, the 
plants inoculated with Sp resulted in higher uptake of nitrogen 
than those recorded with AMF or Rh inoculum. 
4.1.2.2.   N uptake at Flowering stage: 

At flowering stage, the same trends occurred but somewhat 
higher extent than those recorded at the vegetative growth stage. 
The overall average of inoculation treatments indicates 
superiority of AMF over Sp and Rh . Concerning the effect of   
N- fertilization, the overall averages revealed that the highest 
value of N uptake was detected with 100% organic compost 
(647.8 g ha-1) followed by 50%MF + 50% OC treatment (498.05 
g ha-1). Awad et al., (2010) showed that total uptake of nitrogen 
by straw and green seeds of pea plants were enhanced by 
different farmyard manure and NPK mineral fertilizers. 
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Egamberdiyeva and Höflich (2004) found that plant 
growth-promoting bacteria improved nutrient uptake by pea 
grown in pots under semi-arid region after inoculation with 
Pseudomonas alcaligenes P. denitrificans, Bacillus polymyxa 
and Mycobacterium phlei root and shoot growth of pea s 
increased.  
4.1.2.2. Nitrogen uptake at harvesting stage: 

Nitrogen uptake by hay, seeds and shell is listed in Table 9 
and graphically illustrated by Figures 13, 14 and 15.   
4.1.2.2.1. N- uptake in Hay: 

N-Uptake in hay Table 9 was significantly positively 
affected by different fertilization treatments. Application of 
100% mineral fertilizer with no biofertilizers increased the N-
uptake in hay by 86% over those of the unfertilized un-
inoculated. 

The highest uptake was given by 75% MF + 25%OC 
causing 240% more N-uptake over the non-fertilized non-
inoculated. The main effect of N-fertilization shows the 
following pattern: 75% MF + 25% OC >100% MF > 50% MF + 
50% OC > 25% MF + 75% OC > 100% OC with average 
increases of 143, 105, 93, 13 and 2% respectively over the non-
N-fertilized .Superiority  of 75%  MF + 25% OC over the others 
occurred  where biofertilization was given.  In absence of 
biofertilization it was 50% MF + 50% OC which gave the 
highest uptake. Comparison between bacteria and fungi 
inoculants on the bases of average means indicates the 
superiority of Rh over the other biofertlilzers giving an average 
of 31% more uptake over the non-biofertilized. This Rh 
treatment caused marked increases under all condition of N-
fertilization or no-N-fertilization. The AMF or the Sp were of no 
significant, except for AMF. 
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Table 9: Nitrogen uptake g ha-1 in pea hay, seeds and shell as 
influenced by   mineral, organic and biofertilizers. 

Inoculation  B 
Mean Sp AMF Rh Uninoc

Fertilization  A 

Hay Organic Mineral
318.6 259.3 339.3 383.3292.6 0% 0% 
651.1 581.4 610.6 866.0546.6 0% 100% 
773.2 735.7 800.9 973.0583.3 25% 75% 
613.0 550.8 547.2 739.0614.8 50% 50% 
502.5 473.8 494.1 576.9465.3 75% 25% 
324.5 314.0 283.3 391.0309.8 100% 0% 
506.5 469.9 475.2 612.1468.7 Mean 

Seeds 
36.6 26.7 24.8 69.2 25.7 0% 0% 
134.9 149.5 61.5 224.3104.1 0% 100% 
97.6 75.1 36.1 195.883.3 25% 75% 
72.4 53.3 49.3 103.683.4 50% 50% 
128.2 142.2 74.0 195.5101.3 75% 25% 
139.6 154.4 78.6 235.190.1 100% 0% 
101.5 100.2 54.1 170.681.3 Mean 

Shell 
21.8 14.4 20.6 40.1 11.9 0% 0% 
183.1 116.0 125.0 388.5102.9 0% 100% 
144.4 105.6 120.3 254.397.6 25% 75% 
133.9 107.4 105.4 241.281.8 50% 50% 
113.1 87.2 100.5 184.180.8 75% 25% 
218.1 164.9 175.5 382.1149.9 100% 0% 
135.7 99.2 107.9 248.487.5 Mean 

Rhizobium Rh AB B A L.S.D 
Mycorrhizae AMF 112.6 68.65 67.92 Hay 
Azospirillum Sp N.S 23.71 23.45 Seeds 
uninculation uninoc  28.44 28.14 Shell 
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Fig.13: Effect of mineral, organic and bio-fertilizer on 
nitrogen uptake (g/ha) by hay of pea plant 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.14: Effect of mineral, organic and bio-fertilizer on 

nitrogen uptake (g/ha) by seeds of pea plant. 
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Fig.15: Effect of mineral, organic and bio-fertilizer on 

nitrogen uptakte (g/ha) by shell of pea plant. 
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4.1.2.2.2. N- uptake in Seeds: 
Seeds N uptake Table 9 was significantly increased by 

addition of N fertilizers as well as biofertilizers . Treatment of no 
N- fertilizer with no biofertilizer gave the lowest uptake; treatment 
receiving 100% MF + Sp gave the highest with an increase of 
512%.Under no-biofertilization the 100% MF gave 305% over the 
no N–fertilized. The main effect of N-fertilization shows 100% OC 
≥ 100% MF ≥ 25%  MF + 75% OC > 75% MF + 25% OC > 50% 
MF + 50%OC causing increases  over given  281, 268, 249, 167 
and 98% respectively over the non–N-fertilization. Superiority of 
the 100% OC as well as that of 100% MF was particularly marked 
in presence of Sp. The main effect of biofertilization shows 
superiority of Rh followed by Sp giving 110 and 23% increases 
over the non-biofertilization. The AMF biofertilizers shows an 
average 34% decrease.The decrease caused by AMF was most 
marked where N-fertilizers were present. In absence of N-
fertilizers, AMF did not cause a decreased. 
4.1.2.2.3. N-uptake in Shells: 

Concerning shell N uptake, data reveal enhancement with 
application of N-fertilizers as well as biofertilizers. Lowest 
uptake occurred with the no N-fertilization no-biofertilization 
tratments. The highest uptake was given by the 100% OC + Rh 
causing considerable increase as high as 31 folds. The main 
effect of N-fertilization shows 100% OC ≥ 100% MF > 75% MF 
+ 25% OC > 50% MF + 50% OC > 25% MF + 75% OC with 
increased of 899, 739, 562, 514 and 418% respectively. 
Superiority of 100% OC over the others was most marked under 
Rh biofertilization. The main effect of biofertilization shows that 
Rh was superior to the others with a pattern of Rh ≥ AMF ≥ Sp 
and average increases of 185, 24 and 14% respectively. 
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Biofertilizers were not effective in absence mineral N 
fertilization. Superiority of Rh over the other two biofertlizers  
occurred under conditions of N-fertilization  as well as  under no  
N-fertiization and was considerable where 100% MF or 100% 
OCwere present. Awad et al. (2010) found that FYM + 50% 
NPK and residual FYM + 50% NPK mineral fertilizers recorded 
the highest values for yield of peas. 
4.1.3. Nitrogen derived from different sources: 
4.1.3.1Nitrogen derived from fertilizer (Ndff): 

Data of nitrogen derived from fertilizer (Ndff) and gained 
by pea plants at different growth stages as affected by organic, 
mineral and biofertilizers are presented in Table 10 and 
graphically illustrated by Figures 16 to 20. At the vegetative 
growth stage, data of Ndff was significantly correlated with 
organic and mineral fertilization as well as inoculation. 
4.1.3.1.1. Vegetative stage: 

Application of 100% mineral fertilizer caused   higher Ndff 
(121.60 g ha-1) than those recorded with the combined treatments 
of organic and mineral fertilizers under the un-inoculated 
treatment.  The Ndff gradually decreased with decreasing the 
rate of N-fertilization. 

The lowest value of Ndff (32.43 g ha-1) was recorded with 
application of 25% MF + 75% OC treatment. This trend tended 
to decrease with inoculation treatments in general. Inoculation 
with Rh gave of Ndff (21.33 g ha-1) when combined with 100% 
MF. Ndff tended to increase with combinations of 75% MF + 
25% OC; 50% MF + 50% OC, while there was no significant 
difference between 100% MF and 25% MF + 75% OC. 
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Table 10: Effect of organic, mineral and biofertilizers on 
nitrogen derived from fertilizer (Ndff) g ha-1 by pea 
plants at different growth stages. 

Inoculation 
Sp AMF Rh Un-inoculated

Vegetative 

Fertilization 
 

g ha-1 % g ha-1 % g ha-1 % g ha-1 % Organic Mineral 
27.04 25.17 69.28 33.6721.33 18.33121.6034.67 0% 100% 
32.01 23.83 69.36 30.3337.50 15.5055.65 30.83 25% 75% 
24.68 15.83 53.28 16.6729.02 12.3342.36 18.00 50% 50% 
37.33 12.83 34.68 14.3318.28 10.5032.43 15.17 75% 25% 
30.26  56.65  26.54  63.00  Mean 

Flowering 
146.56 40.5 208.0438.8845.42 15.5 204.5149.0 0% 100% 
160.00 33.0 68.49 26.0 52.87 14.0 86.68 36.5 25% 75% 
37.68 18.0 77.87 20.3343.16 10.5 59.56 22.0 50% 50% 
56.25 8.5 20.34 8.17 35.39 7.0 26.60 9.0 75% 25% 
100.13  93.68  44.21  125.18 Mean 

Hay 
192.71 33.17 179.8029.50160.9418.67218.3440.00 0% 100% 
219.55 29.83 168.2321.00139.5714.33176.9430.33 25% 75% 
90.89 16.50 104.2019.00103.3214.00151.8124.67 50% 50% 
48.63 12.83 28.70 10.6728.75 9.00 61.89 13.33 75% 25% 
137.94  120.24 108.14 152.25 Mean 

Seeds 
16.58 29.00 15.73 35.3344.70 20.6716.10 38.00 0% 100% 
20.06 22.17 10.51 23.6725.37 13.5013.67 24.33 25% 75% 
10.12 17.33 9.77 17.6721.58 12.3311.95 19.83 50% 50% 
23.88 17.67 6.85 16.337.42 11.0016.94 18.33 75% 25% 
17.66  10.72  24.77  14.67  Mean 

Shell 
29.75 28.17 60.91 31.0054.54 23.1713.91 35.67 0% 100% 
17.46 17.33 30.90 17.3326.48 13.1715.75 20.50 25% 75% 
22.81 16.50 22.57 17.3324.66 12.009.33 19.00 50% 50% 
11.31 12.00 6.87 12.007.96 10.7010.53 13.83 75% 25% 
20.34  30.31  65.42  12.38  Mean 

Rhizobium Rh 
Mycorrhizae AMF 
Azospirillum Sp 
uninculation uninoc 
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4.1.3.1.2. Flowering stage:  
At flowering stage, application of 100% MF resulted in 

Ndff 204.51 g ha-1N under the un-inoculated treatment. It tended 
to decrease with combinations of mineral and organic fertilizers. 
The lowest value of Ndff (26.60 g ha-1) occurred with the 
combination of 25%MF and 75% OC. Inoculation with Rh 
showed severe decreases in Ndff compared to the un-inoculated 
treatment. This holds true with different combinations of 
fertilizers. On the other hand, inoculation with AMF resulted in 
values of Ndff close to those recorded with the un-inoculated 
treatment especially where 100% MF was concerned and the 
highest Ndff was detected (204.51 g ha-1). Value of Ndff induced 
by application of 50% MF+50% OC (77.87 g ha-1), came next. 
Sp inoculation gave high Ndff when 100% and 75% mineral 
fertilizer was applied compared with50% and 25% addition 
rates. In this respect, the highest value of Ndff occurred with 
75% MF+25% OC (160 g ha-1) followed by those recorded with 
100% MF (146.56 g ha-1). The Ndff trended to decline with 
adecrease  in mineral fertilizer application rate. 

The overall averages of biofertilization treatments indicated 
that Ndff decreased with inoculation .The overall averages of 
mineral and organic fertilization reflected significant decrease in 
Ndff with lowering the percent of mineral fertilizer in combined 
treatments. 

The current  results are in agreement with those reported  
Geneva et al. (2006) who found that pea (Pisum sativum) were 
positively affected by inoculation with Rh leguminosarum and 
arbuscular mycorrhizal fungi (AM) species Glomus mosseae and 
Glomus intraradices . The increased nitrogen availability are due 
to the favorable effect of Sp (Stephen and Nybe 2003). 
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 4.1.3.1.3. Hay: 

Ndff uptake Table 10 in pea hay shows that, the lowest 
Ndff was given by 25% MF + 75% OC+ Rh. The two highest 
amounts were given by 100% MF non-biofertilized and 75% MF 
+ 25% OC+Sp .The main effect of N-fertilization shows that the 
highest Ndff occurred with 100%MF with pattern of 100% MF   
>75%  MF + 25% OC > 50% MF + 50% OC > 25% MF + 75% 
OC. Such pattern. The pattern of change among the 
biofertilization treatments shows that the general trend was lower 
amount of Ndff in the biofertilized treatments than the non-
biofertilized ones. In most cases, the Sp treatments gave more 
Ndff than the AMF or Rh treatments .In terms of percentage of 
Ndff, highest values were given by the non-biofertilized.          

4.1.3.1.4. Seeds: 
The lowest amount of Ndff was given by 25% MF + 75% 

OC+ Rh-. The highest Ndff with 100% MF+ Rh. The pattern of 
response showes: 

 100% MF > 75% MF + 25% OC > 50% MF+ 50% OC > 
25% MF + 75% OC.In presence of Rh the 50% MF + 50% OC 
gave more Ndff than given by 75% MF + 25% OC. The reverse 
occurred in presence of Sp. The general trend of a decrease in 
Ndff with the decrease of mineral N portion was most 
pronounced in treatment receiving the Rh-biofertilizer. The 
pattern of change among biofertilization treatment shows greater 
of Ndff. in the biofertilized treatments (unlike the case with pea 
straw) than in the non-biofertilized .Biofertilizers effect was as 
follows Rh > Sp>AMF. 
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Fig.16: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from fertilizer (Ndff) by pea plants 
at vegetative growth stage. 

 
 
 
 

 
 

 
 
 
 

Fig.17: Effect of mineral, organic and bio-fertilizer 
onnitrogen derived from fertilizer (Ndff) by pea 
plants at flowering stage. 
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Fig.18: Effect of mineral,organic  and bio-fertilizer on 

nitrogen derived from fertilizer (Ndff) by pea plants 
at hay stage. 

 
 
 
 
 
 
 

 
 
 

Fig. 19: Effect of mineral, organic and bio-fertilizer on 
nitrogen derived from fertilizer (Ndff) by seeds of 
pea plants. 
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Fig. 20: Effect of mineral, organic and bio-fertilizer 
onnitrogen derived from fertilizer (Ndff) by shell of 
pea plants. 

In terms of percentage of Ndff, there was general trend of 
decrease with the decrease of mineral N portion of the applied N, 
also this alower percentage of Ndff in biofertilized treatments.     
4.1.3.1.5. Shells: 

The lowest Ndff was given by 25% MF + 75% OC + AMF. 
The highest amount occurred with 100%MF +AMF.Main effect 
of N-fertilization shows 100%. MF > 75% MF + 25% OC ≥ 50% 
MF + 50% OC ≥ 25% MF + 75% OC. Thus NDff decreased 
with the reduction in mineral portion of the dose of N-fertilizers. 
This holds true with all inoculation treatments. The main effect 
of biofertilizers indicate a superiority of Rh over other 
biofertilizers. 

These results indicate beneficial effect of biofertilization 
and partial addition of organic N with mineral N fertilizers. 
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Chalk et al. (2006) stated that mycrrohiza promotes vigor 
of legumes. Quilambo (2003) stressed the importance of 
mycrrohiza in providing high P requirements for the nodulation 
and referred to N2 fixation which requires enhanced P uptake 
(Barea and Ázcón-Aguilar, 1983). High P increases in soil 
fertility (Dodd, 2000). 

High N-uptake by plants from mineral ammonium 
fertilizers, were observed by Ames et al. (1983) and Johanssen 
et al. (1993). Transport and absorption of N can increase 
biomass production in soils with low potassium, calcium and 
magnesium (Liu et al., 2002). 

Bashan and De-Bashan (2010) showed that the most 
apparent outcome of most Sp fertilizers is changing   plant root 
architecture. Other researches (Dobbelaere et al., 1999; 
Levanony and Bashan, 1989), observed more root elongation 
with Sp biofertlizers.Also there may be development of lateral 
and adventitious roots (Creus et al., 2005; Molina Favero et al., 
2008), increased root hairs (Hadas and Okon, 1987), and 
branching of root hairs (Jain and Patriquin, 1985). Such 
developmental responses may have occurred in the current study. 

4.1.3.2. Nitrogen derived from air (Ndfa): 
As shown in Table 11 and graphically illustrated by Figures 

21 to 25  the portion and absolute values of nitrogen derived 
from air through biological nitrogen fixation process and gained 
by pea plants at different growth stages were positively but 
variably affected by microbial inoculants depending on rates of 
both organic and mineral fertilizers added to pea plants. 
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Table 11: Effect of organic, mineral and biofertilizers on 
nitrogen derived from air (Ndfa) g ha-1 by pea 
plants at different growth stages. 

Inoculation  
Sp AMF Rh 

Vegetative 
Fertilization 

 
g ha-1 % g ha-1 % g ha-1 % Organic Mineral 
29.42 27.38 5.93 2.89 54.80 47.11 0% 100% 
30.48 19.35 3.71 1.61 120.3348.39 25% 75% 
18.59 11.93 23.15 7.24 73.90 31.40 50% 50% 
44.87 15.43 13.03 5.39 53.47 30.72 75% 25% 
30.84  11.46  75.63  Mean 

Flowering 
62.74 17.34 110.45 20.64 200.3568.37 0% 100% 
46.45 9.37 75.43 28.64 232.4261.55 25% 75% 
38.07 18.18 29.01 7.58 214.8652.27 50% 50% 
36.84 ٥٫٥٧ 22.85 ٩٫١٧ 110.47٢١٫٨٦ 75% 25% 
45.77  59.44  189.52 Mean 

Hay 
99.74 17.09 160.76 26.26 463.2253.34 0% 100% 
12.12 1.65 246.33 30.77 513.1252.75 25% 75% 
182.20 33.10 124.51 22.95 320.2043.25 50% 50% 
14.22 3.76 52.74 19.74 103.4132.37 75% 25% 
77.07  146.08  349.99 Mean 

Seeds 
14.12 23.63 3.60 6.97 98.64 45.66 0% 100% 
6.84 8.93 1.24 2.74 83.52 44.50 25% 75% 
7.06 12.53 6.08 10.94 62.36 37.61 50% 50% 
4.77 3.68 4.45 10.87 26.78 39.93 75% 25% 
8.19  3.84  67.83  Mean 

Shell 
117.41 20.88 24.58 12.92 305.5435.00 0% 100% 
37.89 14.49 30.10 14.46 69.83 35.08 25% 75% 
35.40 13.07 12.17 8.64 76.16 36.81 50% 50% 
12.28 13.20 7.68 13.20 16.84 22.53 75% 25% 
50.74  18.63  117.09 Mean 

Rhizobium Rh 
Mycorrhizae AMF 
Azospirillum Sp 
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4.1.3.2.1. Vegetative stage:  
At vegetative growth stage, application of 100% mineral 

fertilizer showed high Ndfa when combined with Rh inoculum 
(47.11%), followed by Sp inoculation (27.38%) and the lowest 
Ndfa was estimated with AMF where it accounts for about 3%. 
Reduction of mineral fertilizer by 25% increased Ndfa induced 
by Rh where it accounts for 120.33 g ha-1 (48.4%). In case of 
AMF combined with 75% MF + 25% OC, the lowest value and 
Ndfa% were detected. Although Ndfa% was significantly 
reduced with reduction of mineral fertilizer by 25% (19.4%) in 
case of Sp inoculation, the absolute values did not very from 
those recorded with 100% mineral fertilizer. Application of 
organic and mineral fertilizers in equal doses (50% Mf+50%OC) 
combined with Rh resulted in a decrease in  Ndfa %. Ndfa as a 
result of Rh inoculation combined with 25% MF + 75% OC were 
nearly close to those of 50% MF + 50% OC treatment. . Despite 
of significant decline of Ndfa % was recorded with combination 
of Sp and 25% MF + 75% OC, the absolute value of Ndfa (44.87 
g ha-1) surpassed those recorded with other fertilization 
treatments. This may be attributed to high dry matter yield of this 
treatment as compared to other treatments. 

The overall average of mineral and organic fertilization 
treatments indicate that Ndfa was enhanced by addition of 75% 
mineral fertilizer combined with 25% organic fertilizer. 
Comparison between the different biofertilizers   reflected the 
superiority of Rh over AMF and Sp inoculum. In this regard, Sp 
inoculum came next. 
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 Otieno et al. (2009) studied the response of common bean, 
lima bean, green gram and lablab to rhizobial inoculation, 
farmyard manure and mineral fertilizer nitrogen. They found that 
nitrogen fertilizer decreased the number of nodules but rhizobial 
inoculation increased it and dry weight. Application of manure 
,increased nodulation and grain yield. The effect of these 
additives on grain legumes was variable depending on species 
and environmental factors. The results of Stancheva et al. 
(2006) demonstrated that dual inoculation of pea plants increased 
growth, mycorrhizal colonization rate, nodulation parameters, 
and N2 fixation activity compared to single inoculation of the 
host with Rh. Leguminosarum and depended on AM fungi . 
Hamilton, et al. (1991) concluded that the A-value modification 
of the 15N isotope dilution technique has only limited potential 
application in estimating the contribution of N2fixation to plant 
nutrition. 
4.1.3.2.2.  Flowering   Stage: 

At flowering growth stage, application of 100% MF gave a 
considerable Ndfa when combined with Rh (68.37%), followed 
by combining with AMF (20.64%). The lowest Ndfa was by 
combining with Sp (17.34%). Application of 75% MF + 25% 
OC decreased the percent and increased absolute value of Ndfa 
when combined by Rh where giving 232.42 g ha-1 (61.55 %). . 
Application of AMF combined with 75% MF+25%OC increased 
the percent and decreased absolute value of Ndfa. Application of 
50%MF+50%OC combined with Rh inoculation resulted in a 
decrease in Ndfa % and it is absolute value. Similar trend was 
noticed with 25%MF+75%OC+Rh treatment. 
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The overall average (main effect) of nitrogen fertilization 
treatments indicates that Ndfa was highest by addition of 
100%MF. The main effect of inoculation reflected the 
superiority of Rh over AMF and Sp. 

Our results at this stage are in agreement with Geneva et al. 
(2006) who found that pea plants grown in a glasshouse until the 
flowering stage (35 days) were positively affected by combined  
inoculation of Rh leguminosarum bv. Viceae and arbuscular 
mycorrhizal fungi (AM) species Glomus mosseae and Glomus 
intraradices which increased plant biomass, photosynthetic rate, 
nodulation, and nitrogen fixation activity. 
4.1.3.2.3.   Hay: 

Ndfa uptake by hay was considerable as affected by 
application of 100% MF combined with Rh inoculum (53.34%), 
followed by combination with AMF (26.26%) then combination 
with Sp (17.09%). Treatment of 75% MF + 25%OC combined 
with Rh showed513.12 g ha-1 (52.75%). Treatment of 75% MF + 
25% OC + AMF showed 246.33 g ha-1 (30.77%).  Treatment of 
50% MF + 50% OC combined with Rh inoculation resulted in 
decline of Ndfa % and absolute values. Similar trend was noticed 
with combination AMF. Treatment of 50% MF + 50% OC + Sp 
increased the percent and absolute value of Ndfa where it 
accounts for 182.20 g ha-1 (33.10%). In case of application of 
25% MF + 75% OC combined with Rh, the percent and absolute 
value of Ndfa were decreased where it accounts for 103.41 g ha-1 
(32.37%). Similar trend was noticed when 25%MF+75%OC 
were combined with AMF and Sp. 
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The overall average of mineral and organic fertilization 
treatments indicated that the value of Ndfa was enhanced by 
addition of 75% MF + 25% OC. Comparison held between the 
different inoculum reflected the superiority of Rh over AMF and 
Sp and that Sp was the lowest. 
4.1.3.2.4.  Seeds 

Considering the Ndfa uptake by seeds, application of 100% 
MF showed a considerable portion of Ndfa when combined with 
Rh inoculum (45.66%), followed by combination with Sp 
inoculation (23.63%).The lowest of Ndfa was given by 
combination with AMF where (6.97%). Treatment of 75% MF + 
25% OC combines by Rh decreased Ndfa giving 83.52 g ha-1 
(44.50%). When AMF was combined with 75% MF + 25% OC, 
the lowest value and Ndfa % were detected. Similar trend was 
noticed in case of 75% MF + 25% OC combined with Sp. 
Treatment of 50% MF + 50% OC combined with Rh inoculation 
resulted in a decline in Ndfa %. This trend was different in case 
of treatment of 50% MF + 50% OC combined with AMF or Sp 
where the percent and absolute value of Ndfa were increased. 
Application of 25% MF+ 75% OC combined with Rh resulted in 
increase of percent and a decrease in the absolute value of Ndfa 
given 26.78 g ha-1 (39.93%). When AMF or Sp were combined 
with 25% MF + 75% OC, there was a decrease in Ndfa. There 
was no significant difference between AMF and Sp treatment. 

The overall average of mineral and organic fertilization 
treatments indicates that the value of Ndfa was enhanced by 
addition of 100%MF. Comparison held between the different 
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inoculums reflected the superiority of Rh over AMF and Sp 
inoculum. With Sp giving the lowest. 
4.1.3.2.5. Shells: 

With regard to Ndfa uptake by shells, application of 100% 
MF+Rh gave highest Ndfa (35%), followed by combining with 
Sp (20.88%) and the least percent of Ndfa was estimated 
(12.92%). Treatment of 75%MF + 25% OC + Rh gave 69.83 g 
ha-1 (35.08%). Similar trend was noticed with combination of Sp 
and 75% MF + 25% OC. A different trend was noticed in case of 
AMF combined with 75% MF + 25% OC where Ndfa increased. 
The treatment of 50% MF + 50% OC combined with Rh 
inoculation resulted in increase of Ndfa % and absolute values. 
In case of AMF combined with 50% MF +50% OC, the percent 
and absolute value of Ndfa were decreased. When this 
fertilization treatment was combined with Sp, the Ndfa percent 
was decreased but it had increased in absolute value. 

In case of application of 25%MF+75%OC combined with 
Rh there decrease was in percent and absolute value of Ndfa 
which accounted for 16.84 g ha-1 (22.53%). When combined 
with AMF there was an increase in the percent and a decreased 
in the absolute value (7.68 g ha-1 (3.20%). In case of 
combination with Sp inoculation, although the percent of Ndfa 
was increased the absolute value tended to decrease. 

The overall average of mineral and organic fertilization 
treatments indicated that the value of Ndfa was enhanced by 
addition of 100% MF. Comparison held between the different 
inoculum reflected the superiority of Rh over AMF and Sp 
inoculum.  
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Rondon et al. (2007) stated that the proportion of fixed N 
increased from 50% without biochar additions to 72% with 90 g 
kg-1 bio-char added. They added that total N derived from the 
atmosphere (Ndfa) increased by 49 and 78% with 30 and 60 g 
kg-1 bio-char added to soil, respectively, and that Ndfa decreased 
to 30%. Mishra et al. (2010) reported that the application of 
100% of recommended dose of fertilizers with seed inoculation 
with composite inoculum of Rh+ PDB+PGPR increased plant 
growth and yield. 

In conclusion, Rh inoculum surpassed AMF and Sp   when 
Ndfa was considered. Generally, the contribution of N derived 
from air as affected by N-fertilization was fluctuated in relation 
to plant growth stages and organs. This may be attributed to 
green mass production that affect the N content and 
consequently caused variable N uptake by different organs at 
different plant growth stages. 

 
 
 
 
 
 
 
 
 
Fig. 21: Effect of mineral, organic and bio-fertilizer 

onnitrogen derived from air (Ndfa) by pea plants at 
vegetative growth stage. 
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Fig. 22: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from air (Ndfa) by pea plants at 
flowering growth stage. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 23: Effect of mineral,organic  and bio-fertilizer on 

nitrogen derived from air (Ndfa) and gained by hay 
of pea plants. 
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Fig. 24: Effect of mineral, organic and bio-fertilizer on 
nitrogen derived from air (ndfa) and gained by seeds 
of pea plants. 

 
 
 
 
 
 
 
 

 
Fig. 25: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from air (Ndfa) and gained by shell 
of pea plants. 
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4.1.3.3. Nitrogen derived from compost (Ndfc): 
The portion and absolute values of nitrogen derived from 

compost (Ndfc) at different growth stages of the plant are 
presented in Table 12 and graphically illustrated by Figures. 26 
to 30. 
4.1.3.3.1. Vegetative stage: 

At the vegetative growth stage, application of 75% MF + 
25% OC showed a considerable portion of Ndfc when combined 
with Rh inoculum giving 37.30 g ha-1 (15.42%) followed by the 
un-inoculated treatment 19.92 g ha-1 (11.04%), then the 
treatment combined with AMF giving 22.58 g ha-1 (9.87%) and 
production of pea plant and the lowest of Ndfc was giving with 
Sp being 7.16 g ha-1 (5.34%). 

Application of 50%MF+50%OC increased Ndfc where it is 
un-inoculated giving 113.04 g ha-1 (48.04%). Similar trend was 
notice with all inoculation treatment. 

Application of 25% MF + 75% OC with inoculation 
increased Ndfc giving 120.19 g ha-1 (56.22%). Another view was 
noticed with Rh although that increased the percent the absolute 
value of Ndfc had decreased .The same trend was notice when 
combined with AMF giving 138.93 g ha-1 (57.41%). In case of 
combination with Sp it increased Ndfc giving 142.6 g ha-1   
(49.03%). 

The overall average of mineral and organic fertilization 
treatments indicates that the value of Ndfc was enhanced by 
addition of 25% MF + 75%OC. Comparison between the 
different inocula  reflected a superiority of AMF over the others. 
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Table 12: Effect of organic, mineral and biofertilizers on 
nitrogen derived from compost (Ndfc) g ha-1 by pea 
plants at different growth stages. 

Sp AMF Rh Un-
inoculated 

Vegetative 

Fertilization 
 

g ha-1 % g ha-1% g ha-1% g ha-1% organ
ic 

miner
al 

7.16 5.3422.589.8737.3015.4219.9211.04 25% 75% 
57.75 37.05 161.3650.4876.9732.71113.0448.04 50% 50% 
142.60 49.03 138.9357.4174.3042.69120.1956.22 75% 25% 
69.17  107.62 62.86 84.38 Mean 

Flowering 
89.84 18.53 87.2533.1236.459.6541.6525.53 25% 75% 
116.31 55.56 182.7347.72132.5532.25526.1055.10 50% 50% 
522.94 79.02 196.7678.99276.8654.77241.2081.63 75% 25% 
343.03  155.58 148.62 269.65 Mean 

Hay 
73.70 10.03 230.0628.74224.7823.16141.1024.16 25% 75% 
246.01 44.69 192.8535.53185.4524.96235.5138.33 50% 50% 
215.45 57.00 172.3363.86165.9051.78310.5166.68 75% 25% 
178.39  198.42 192.04 229.04 Mean 

Seeds 
20.59 23.60 14.6733.0264.9734.5520.3635.92 25% 75% 
23.92 40.26 28.5650.0077.2540.0528.9747.71 50% 50% 
52.44 39.09 22.4153.7631.7246.5747.9651.70 75% 25% 
32.32  21.88 57.98 32.43 Mean 

Shell 
40.16 38.44 77.8644.0886.0943.1032.6242.64 25% 75% 
57.11 41.40 58.0244.1298.4348.1622.6546.65 50% 50% 
53.63 57.44 34.8261.3339.7253.8246.4161.15 75% 25% 
50.30  56.90 74.75 33.89 Mean 

Rhizobium Rh 
Mycorrhizae AMF 
Azospirillum Sp 

uninculation uninoc 
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Fig. 26: Effect of mineral, organic and bio-fertilizer 

onnitrogen derived from compost (Ndfc) by pea 
plants at vegetative growth stage. 

 

 
 
 
 
 
 
 
 
 
 
 
  
Fig. 27: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from compost (Ndfc) by pea planys 
at flowering growth stage. 
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Fig. 28: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from (Ndfc) by pea plants by hay 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 29: Effect of mineral, organic and bio-fertilizer on 

nitrogen derrived from compost (Ndfc) by pea plants 
by seeds. 
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Fig. 30: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from compost (Ndfc) by pea plants 
by shells. 

 

 

4.1.3.3.2. Flowering stage:   
At flowering growth stage, application of 75%  MF +  25% OC 

gave a considerable portion of Ndfc When combined with AMF 
inoculum it gave  87.25 g ha-1 (33.12%)  followed  by  the un-
inoculated treatment of  41.65 g ha-1 (25.53%), then where  
combined with Sp 89.84 g ha-1 (18.53%). The lowest percent of Ndfc 
was e with Rh where it gave 36.45 g ha-1 (9.65%). 

Treatment of 50% MF + 50% OC with no inoculation gave 
value of Ndfc of 526.10 g ha-1 (55.10%). Similar trend was 
noticed with the inoculation treatments. 

Application of 25% MF + 75% OC without inoculation 
gave values 241.20 g ha-1 (81.63%). On the other hand when 
combined with Rh it gave 276.86 g ha-1 (54.77%). In case of 
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combining with AMF the values of Ndfc were 196.76 g ha-1 
(78.99%). In case of combining with Sp the values were 522.94 g 
ha-1 (79.02%). 

The overall average of mineral and organic fertilization 
treatments indicated that the value of Ndfc was enhanced by 
addition of 25%MF+75%OC. Comparison held between the 
different inocula reflected the superiority of uninoculation over , 
Sp inocula, AMF. In this regard, Rh inocula came to the next. 
4.1.3.3.3. Harvesting stage: 
4.1.3.3.3.1. Hay: 

Values of Ndfc uptake by hay was considerable as affected 
by application of 75% MF+25%OC when combined with AMF 
inoculum giving 230.05 g ha-1 (28.75%), followed by 
uninoculation 141.10 g ha-1(24.16%), Rh 224.78 g ha-1 (23.16%). 

This is attributed to the mass production of pea plant. The 
least Ndfc was with combination with Sp giving 73.70 g ha-1 
(10.03%). 

Application of 50%MF+50%OC with no inoculation gave 
Ndfc of 235.51 g ha-1. when combined with Rh  it gave Ndfc of  
185.45 g ha-1 (24.96%)  .Similar trend was noticed in case of 
combined with AMF.In case of combination with   Sp  values of 
Ndfc were 246.01 g ha-1 (44.69%). 

Application of 25% MF + 75%OC with no inoculation 
treatment   gave Ndfc of 310.51 g ha-1 (66.68%). On the other 
hand in case of combination with the values of Ndfc were 165.90 
g ha-1 (51.78%).Similar trend was noticed in case of combined 
with AMF. In case of combination with   Sp. the values of Ndfc 
are account 215.45 g ha -1(57.00%). 
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The overall average of fertilization indicates that the value 
of Ndfc was enhanced by addition of 25% MF + 75% OC. 
Comparison held between the different inoculums reflects the 
superiority of uninoculation over, AMF inoculum, Rh. In this 
regard, Sp inoculum came next. 
4.1.3.3.3.2. Seeds: 

Values of Ndfc in seeds was considerable as affected by 
application of 75% MF+25%OC without inoculation; they were 
20.36 g ha-1 (35.92%) followed by Rh 64.97 g ha-1(34.55%), 
AMF14.66 g ha-1(33.02%). The lowest Ndfc was with Sp 20.59 
g ha-1 (23.60%). 

Application of 50% MF+50%OC with no inoculation gave 
Ndfc of 28.97 g ha-1. (47.71%) Similar trend was notices with all 
inoculation treatments. 

Application of 25%MF+75%OC with inoculation treatment   
had increased the percent and absolute value where it accounts 
47.96 g ha-1 (51.70%). On the other hand when combined with 
Rh although the values of Ndfc were 31.72 g ha-1 (46.57%). 
Similar trend was noticed in case of combination with AMF. In 
case of combination with Sp values were52.44 g ha-1 (39.09%). 

The overall average of fertilization treatments indicated that the 
value of Ndfc was enhanced by addition of 50% MF + 50% OC. 
Comparison held between the different inoculums   reflects 
superiority of Rh over, Sp. In this regard, AMF inoculums came next. 
4.1.3.3.3.3. Shells: 

Ndfc in shells was considerable as affected by application 
of 75% MF+25%OC with AMF inoculums 77.86 g ha-1(44.08%) 

followed by Rh 86.09 g ha-1(43.10%), un-inoculation 32.62g ha-1 
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(42.64%) least percent of Ndfc was with Sp where it accounts for 
40.16 g ha-1 (38.44%). 

Application of 50% MF + 50% OC without inoculation gave 
22.56 g ha-1 (46.65%). Similar trend was noticed in case of 
combination with AMF. Combination with Rh gave 98.43 g ha-1 

(48.16%). Similar trend was noticed in case of combination with Sp. 
Application of 25% MF + 75% OC with no inoculation 

gave 46.41 g ha-1 (61.15%). When values were 39.72 gha-1 
(53.82%). Similar trend had notice in case of combination with 
AMF and Sp. 

The overall average of fertilization treatments indicates that 
the value of Ndfc was enhanced by addition of 75% MF + 25% 
OC .Comparison held between the different inoculums reflected 
the superiority of Rh over, AMF  inoculums, Sp. 

In conclusion, comparison between plant growth stages 
indicates the superiority of hay stage over the flowering, 
vegetative, shell and seeds (when Ndfc values were concerned. 

Garza et al. (2009) reported the following N recoveries: 
9% from the manure N, 22 to 25 % from the fertilizer N inputs; 
and that manure N recovered belowground (in soil and roots) 
was 82 to 88%. They concluded that low recovery of N by 
aboveground plant parts and low soil mineral nitrate and 
ammonium nitrogen suggested that most of the 15N recovered 
belowground was in soil organic matter. Losses from manure N 
inputs ranged from 3 to 11%, lower than the 34 to 39% lost from 
fertilizer N sources. 
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Nishida et al. (2008) studied 15N-labeled cattle manure 
compost (CMC) in soil. The percentages of N taken up derived 
from CMC to applied N 2-3% from each year. 
4.1.3.4. Nitrogen use efficiency NUE %: 

Nitrogen use efficiency in different plant parts at growth 
stages as affected by organic, mineral and bio-fertilizers is 
presented in Table 13 and graphically illustrated by figures 31 to 
34. At vegetative stage, the application of 100%MF gave higher   
NUE % with un-inoculated treatment (8.25%) than the treatment 
of AMF where it accounts for 4.70% and Sp (1.84%) while the 
least NUE was with Rh (1.45%). NUE% was negatively and 
considerably affected by application of 75% MF + 25%OC with 
no inoculation where it was (3.78%) compared with treatment of 
100% MF. When this fertilization treatment was combined with 
Rh the NUE% tended to increase. Similar trend was noticed with 
other inoculation treatments. 

Application of 50% MF + 50% OC gave NUE of 2.87%. 
Similar trend was noticed with all other inoculation treatments. 

Application of 25% MF + 75% OC without inoculation 
resulted in 2.2% NUE. When it combined with Rh, NUE was 
1.24%. On the other hand, inoculation with AMF and Sp showed 
higher  NUE% as compared to Rh inoculation. 
At flowering stage, the efficient use of nitrogen by pea plants 
was affected by nitrogen fertilizer addition rates where it 
accounted for 15.5% in soil fertilized with 100% MF. This 
NUE% was severely decreased with Rh inoculation (3.1%). On 
the other hand, AMF inoculation resulted in NUE% near to those 
recorded with 100% MF (11%).  
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Table 13: Effect of organic, mineral and bio-fertilizers on 
nitrogen use efficiency (NUE %) by pea plants at 
different growth stages. 

Inoculation 

Sp AMF Rh Un-
inoculated 

Vegetative 

Fertilization 
 

% % % % Organic Mineral 
1.84 4.70 1.45 8.25 0% 100% 
2.17 4.71 2.55 3.78 25% 75% 
1.67 3.62 1.97 2.87 50% 50% 
2.53 2.35 1.24 2.20 75% 25% 

Flowering 
8.14 11.00 3.08 15.50 0% 100% 
10.86 4.65 3.59 4.04 25% 75% 
4.01 5.75 3.29 5.88 50% 50% 
3.82 1.38 2.40 1.80 75% 25% 

Hay 
13.08 12.20 10.92 14.82 0% 100% 
14.90 11.42 9.47 12.01 25% 75% 
6.17 7.07 7.01 10.30 50% 50% 
3.30 1.95 1.95 4.20 75% 25% 

pods 
3.14 5.20 16.78 2.04 0% 100% 
2.55 2.81 3.52 2.00 25% 75% 
2.24 2.19 3.14 1.44 50% 50% 
2.39 0.93 1.04 1.86 75% 25% 

Rhizobium Rh 

Mycorrhizae AMF 

Azospirillum Sp 

uninculation uninoc 
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Fig. 31: Effect of mineral, organic and bio-fertilizer on 

nitrogen use efficiency (NUE%) at vegetative growth  
stage. 

 
 
 
 
 
 
 

 
 
Fig. 32: Effect of mineral, organic and bio-fertilizer on 

nitrogen use efficiency (NUE%) at flowering growth 
stage. 



 
 

 
 

85

0
2

4
6

8
10

12
14

16

uninoc Rh AMF Sp
Inoculation

N
U

E%

100% Min+0% Org 75% Min+25% Org
50% Min+50% Org 25% Min+75% Org

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 33: Effect of mineral, organic and bio-fertilizer on 

nitrogen use efficiency (NUE%) by hay 

 
 

 
 
 

 
 
 
 
 
 
 
 

 

Fig. 34: Effect of mineral, organic and bio-fertilizer on 
nitrogen use efficiency (NUE%) by pods. 
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In case of Sp, NUE% was moderate as compared to those 
induced by 100% MF (8.14%).   

Combination of organic and mineral N fertilizers showed 
gradual decrease of NUE% with gradual reduction of mineral N 
component in the mixtures where the un-inoculated treatment 
was concerned. Similar trends were noticed with bacterial and 
fungal inoculations. Generally, the lowest NUE% was detected 
at the treatment of 25% MF + 75% OC either applied with or 
without inoculations. It seems that Sp and AMF inoculums 
increased NUE% Rh. This phenomenon was more pronounced 
with 100% MF. 

With hay, the 100% MF in combination with bacterial and 
fungal inoculation was decreased comparable to the un-
inoculated treatments. The NUE% by hay of pea inoculated with 
AMF was nearly closed to Sp and the un-inoculated and higher 
than those recorded with Rh inoculums. Similar trends were 
noticed with different combination of organic and mineral 
fertilizers. NUE was negatively affected by reduction of fertilizer 
N component in organic and mineral mixtures. This holds true 
under the un-inoculated as well as   inoculated ones. 

Values of NUE by pods followed the same trends but, to 
some extent, lower than those recorded with other growth stages. 

Generally, NUE of flowering and hay stages was significantly 
higher than those recorded with other growth stages. Concerning 
the inoculums type, data indicate that AMF and Sp surpassed 
those of Rh. 
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4.1.3.5. Fertilizer Nitrogen remaining in soil after pea harvest 
(FNR %): 

Nitrogen remained in soil after pea harvest is presented in 
Table 14 and graphically illustrated by Figure 35. The highest 
FNR was recorded with the un-inoculated 25% MF + 75% OC 
(47.5%). The lowest was with Rh inoculation plus 100% MF + 
Rh (23%), followed by 100% MF + Sp (27.5%) and 100% MF + 
AMF (30.5%). It seems that the fertilizer N remained in soil after 
harvest tended to decline with microbial inoculation. It means 
that microbial inoculation decreased FNR. This may be 
attributed to biological activities of microbial inoculants either as 
being biological nitrogen fixers or as producers of growth 
promoting substances. Treatment 75% MF + 25% OC gave more 
FNR (44.5%) where as treatment of 100%MF with no 
inoculation gave less FNR (32.5%). Although inoculation, in 
general reduced FNR, it was higher than those recorded with 
100% MF. It means that the addition of organic residues has a 
positive effect on increasing fertilizer N which remained in soil 
after pea harvest. This phenomenon holds true with all 
percentages of organic addition but it increases with increasing 
the quantities of organic residues incorporated into the soil. 

With gradual reduction of mineral fertilizer doses (50% and 
25%), the fertilizer N which remained in soil after harvest tended 
to increase. In the same direction, increasing the rates of organic 
residues (50% and 75%) combined with microbial inoculation 
increased the percent of fertilizer N remained in soil. 
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Table 14: Fertilizer nitrogen remaining (FNR%); in soil after 
pea harvest as affected by organic and mineral 
fertilization and microbial inoculation. 

Inoculation 

Sp AMF Rh Un-inoculated 

Fertilizer Nitrogen Remained (FNR %) 

Fertilization 
 

% % % % Organic Mineral 

27.5 30.5 23.0 32.5 0% 100% 

33.5 39.0 27.5 44.5 25% 75% 

39.5 40.5 38.0 41.0 50% 50% 

45.0 44.5 43.5 47.5 75% 25% 

    Rhizobium Rh 
    Mycorrhizae AMF 
    Azospirillum Sp 
    uninculation uninoc 

 
 
 
 
 
 
 
 
 

Fig. 35: Nitrogen fertilizer remained in soil after pea harvest 
as affected by mineral and organic fertilization and 
microbial inoculation. 
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In conclusion, the overall means of inoculation proved that 
microbial inoculation generally reduced the percentages of 
fertilizer N which remained in soil after pea harvest. On the other 
hand, the fertilizer N remained in soil fluctuated according to the 
combinations of organic and mineral fertilizers. In this regard, 
the lowest fertilizer N percent which remained in soil was 
detected with 100% MF with or without microbial inoculation. 
Addition of organic residues in combination with mineral 
fertilizer induced an increase of fertilizer N which remained in 
soil after harvest. 

N balance between soil and wheat plant estimated by Yuan 
et al. (2011) indicated that at harvest of the wheat seedlings, 15N 
remaining in the soil was equivalent to 30% of chemical 
fertilizer plus organic manure and 18% of chemical fertilizer. 
Therefore, large amounts of N moved away from the soil during 
wheat season, with NUE being 24% and 30% for chemical 
fertilizer and manure + chemical fertilizer, respectively. In the 
present study the trend of N which remained in soil after harvest 
increased with addition of organic residues plus chemical 
fertilizer. 

4.2. Cucumber Experiment: 
4.2.1. Fresh weight as affected by fertilization treatments: 

Fresh weights of cucumber plants, at vegetative and flowering 
growth stages, treated with organic and mineral fertilizers as well as 
microbial inoculants are presented in Table 15 and graphically 
illustrated by Figures 36 and 37. The un-inoculated plants at 
vegetative growth stage showed a higher fresh weight with addition 
of 100% MF (71.80 kg ha-1) as compared with the unfertilized 



 
 

 
 

90

treatment (26.60 kg ha-1). This value tended to increase with 
different combinations of mineral and organic fertilizers. 
Comparable values were to 83.73 and 178.95 kg ha-1 for (75% MF 
+ 25% OC) and (50% MF + 50% OC) treatments, respectively. 
Fresh weight for  25% MF + 75% treatment was 53.20kg ha-1; for 
the 100% OC it was 31.34 kg ha-1.These results proved that fresh 
weight of cucumber plants were affected by combinations of 
mineral and organic fertilizers according to combination ratio 
between them. The least value of cucumber fresh weight was given 
by the 100% OC treatment but still higher than those recorded with 
the unfertilized un-inoculated. 

At this vegetative growth stage, inoculation with Rh enhanced 
the vegetative fresh weight. High fresh weight of cucumber plants 
inoculated with Rh was more pronounced with different 
combinations of mineral and organic fertilizers. The highest fresh 
weight value (279.73 kg ha-1) was recorded with 50 %MF + 50% 
OC. Among the fertilization treatments, the 100% OC treatment 
gave the least fresh weight. All fertilization treatments resulted in 
an increase of fresh weight as compared with the unfertilized. The 
cucumber growth was higher with Rh inoculation. 

Inoculation with AMF resulted in higher fresh weight of 
cucumber. This holds true with all fertilization treatments. As 
compared with Rh, the fresh weight of AMF inoculated 
cucumber was higher with (100% MF) and (75% MF + 25% 
OC). It may be attributed to stimulation effect of AMF via 
excretion of growth promoting substances like indole acetic acid, 
auxines and other phytohormons. 
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Table 15: Fresh weight of cucumber at vegetative and 
flowering stage (kg ha-1) as influenced by mineral, 
organic and bio- fertilizers. 

Inoculation   (B) 
Mean Sp*** AMF** Rh* Uninoc 

Fertilization   (A) 
 

Vegetative Organic Mineral 
43.64 45.20 52.39 50.54 26.60 0% 0% 
88.48 77.51 118.49 86.18 71.80 0% 100% 
108.48 113.89 138.20 97.96 83.73 25% 75% 
235.12 272.54 209.33 279.73 178.95 50% 50% 
74.47 69.14 95.74 79.73 53.20 75% 25% 
53.65 59.28 62.10 61.80 31.34 100% 0% 
100.63 106.26 112.71 109.30 74.25 Mean 

Flowering 
189.47 192.88 220.45 206.66 137.75 0% 0% 
436.15 365.39 591.10 429.85 358.20 0% 100% 
672.53 590.28 1,014.87 651.04 434.00 25% 75% 
868.01 806.06 1,116.02 930.03 619.99 50% 50% 
429.85 396.81 562.12 429.85 330.71 75% 25% 
238.68 220.74 245.57 240.60 248.01 100% 0% 
472.46 428.67 625.03 481.35 354.79 Mean 

Rhizobium Rh AB B A L.S.D 
Mycorrhizae AMF 12.35 7.52 7.44 vegetative 
Azospirillum Sp 50.60 30.84 30.51 Flowering 
uninculation uninoc     
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Fig. 36: Effect of mineral,organic  and bio-fertilizer on fresh 

weight at vegetative growth stage of cucumber plant. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 37: Effect of mineral,organic  and bio-fertilizer on fresh 

weight (kg/ha) at flowering growth stage of 
cucumber plant. 
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Similar enhancement of cucumber fresh weight at 
vegetative growth stage was noticed with Sp inoculation. Values 
of fresh weight as influenced by Sp inoculation were nearly close 
to those of Rh and AMF especially at high percent of mineral 
fertilizer. These values were lower than those with Rh and AMF 
inoculation when 25% MF + 75% OC and 100% OC treatments   
with  applied. 
     The overall means of inoculants revealed superiority of AMF 
over Rh and Sp. In this regard, the inoculants effects could be 
ranked as follow: 
AMF > Rh > Sp > Un-inoculated control. 

The overall means of fertilization treatments indicated that 
the combination of 50% MF + 50% OC was superior over all 
other treatments. It means that half of the recommended dose of 
mineral fertilizer is enough to meet the requirement of cucumber 
crop when supplemented with organic compost. This 
combination may have an environmental impact since it would 
reduce the risks of of chemical fertilizers. 

Similar trends, but to somewhat higher extent were 
observed at the flowering stage of cucumber growth Table 15 
and at with and fruits of cucumber Table 16. The highest values 
of fresh weight of cucumber  regarding hay and fruits was 
detected with AMF inoculation combined with of 50% MF+50% 
Figures 38 and39. 
4.2.2. Dry weight as affected by fertilization treatments: 

Dry weight of cucumber plants, at vegetative, flowering, 
hay and fruit growth stages, is presented in Tables 17 and 18 and 
graphically illustrated by Figures 40 to 43. The highest values of 
dry weight of cucumber at vegetative, flowering, hay and fruit 
stages were giving by AMF combined fertilizers of 50% MF + 
50% OC. 
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Table 16: Fresh weight of cucumber at fresh hay and fruit 
stage (kg ha-1) as influenced by mineral, organic 
and bio-fertilizers. 

Inoculation    B 
Mean Sp*** AMF** Rh* Uninoc 

Fertilization    A 
 

Hay Organic Mineral 
72727.38 60174.9 74653.8 111136.7 44944.1 0% 0% 
105734.7 96169.7 152250.5 96460.0 78058.4 0% 100% 
221210.2 168324.2 426434.9 176099.0 113982.8 25% 75% 
250204.4 236066.4 329904.0 279158.0 155689.2 50% 50% 
107746 93214.7 136438.2 122164.9 79166.2 75% 25% 

111298.6 66541.0 166476.3 157439.5 54737.4 100% 0% 
144820.2 120081.8 214359.6 157076.3 87763.3 Mean 

Fruit 
3054.19 3356.26 3859.69 3322.67 1678.13 0% 0% 
8120.62 9000.92 10098.59 8693.56 4719.99 0% 100% 
9753.77 10574.48 12160.64 10992.17 5287.24 25% 75% 
13530.5 15107.42 16504.87 14956.34 7553.72 50% 50% 
7971.68 8760.07 10074.10 8672.49 4380.05 75% 25% 
3669.40 4076.80 4573.99 3937.59 2088.13 100% 0% 
7667.81 8426.15 9690.09 8341.91 4213.09 Mean 

Rhizobium Rh AB B A L.S.D 
Mycorrhizae AMF 540.41 329.45 325.89 hay 
Azospirillum Sp 717.29 437.19 432.52 Fruit 
uninculation uninoc     
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Fig. 38: Effect of mineral, organic and bio-fertilizer on fresh 

weight (Kg/ha) of hay by cucumber plant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 39: Effect of organic, mineral  and bio- fertilizer on fresh 

weight (Kg/ha) of fruit of cucumber plant 
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Table 17: Dry weight of cucumber at vegetative and 
flowering stage (kg ha-1) as influenced by mineral, 
organic and bio-fertilizers. 

Inoculation    B 

Mean Sp*** AMF** Rh* Uninoc 

Fertilization    A 
 

vegetative Organic Mineral 

19.99 20.34 23.56 22.73 13.35 0% 0% 

45.62 38.76 63.44 42.21 38.04 0% 100% 

55.84 56.95 74.01 48.02 44.39 25% 75% 

125.56 136.26 169.31 138.88 57.78 50% 50% 

38.27 34.56 51.26 39.08 28.18 75% 25% 

29.16 29.65 33.27 37.08 16.63 100% 0% 

52.40 52.75 69.14 54.66 33.06 Mean 

flowering 

135.45 140.81 154.31 148.81 97.86 0% 0% 

314.67 266.74 413.76 309.52 268.67 0% 100% 

481.35 430.88 700.26 468.73 325.51 25% 75% 

623.27 588.40 770.06 669.62 465.01 50% 50% 

308.77 289.67 387.88 309.52 248.01 75% 25% 

172.44 161.13 169.41 173.21 186.01 100% 0% 

339.33 312.94 432.62 346.57 265.17 Mean 

Rhizobium Rh AB B A L.S.D 
Mycorrhizae AMF 6.32 3.85 3.81 vegetative 
Azospirillum Sp 34.78 21.20 20.97 flowering 

uninculation uninoc    
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Table 18: Dry weight of cucumber at hay and fruit stage (kg 
ha-1) as influenced by mineral, organic and bio-
fertilizers. 

Inoculation    B 

Mean Sp*** AMF
** Rh* Uninoc 

Fertilization    A 
 

Hay Organic Mineral 
4644 4500 5450 6125. 2500 0% 0% 
7962 6657 10833 7831. 6526 0% 100% 
14601 11813 24243 13468 8881 25% 75% 
13783 14647 21896 17470 1120 50% 50% 
8035 7147 10898 8004. 6090 75% 25% 
6591 4065 9189 9097 4015 100% 0% 
9703 8138 13752 10333 4855.3 Mean 

Fruit 
763 839 964 830 419 0% 0% 
1997 2195 2524 2173 1097 0% 100% 
2405 2643 3040 2617 1321 25% 75% 
3436 3776 4343 3739 1888 50% 50% 
1992 2190 2518 2168 1095 75% 25% 
904 994 1143 984 497 100% 0% 
1916 2106 2422 2085 1053 Mean 

Rhizobium Rh AB B A L.S.D 

Mycorrhizae AMF 500.92 305.37 302.11 hay 

Azospirillum Sp 659.93 402.29 397.92 Fruit 

uninculation uninoc     
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Fig. 40: Effect of mineral, organic and bio-fertilizer on dry 

weight (Kg/ha) of cucumber plant at vegetative 
growth stage. 

 
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 41: Effect of mineral, organic and bio-fertilizer on dry 

weight (Kg/ha) of cucumber plant at flowering 
growth stage. 
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Fig. 42: Effect of mineral, organic and bio-fertilizer on dry 
weight (Kg/ha) by cucumber at hay. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 43 : Effect of mineral, organic and bio-fertilizer on dry 

weight (Kg/ha) of fruit by cucumber plant 
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Gül et al. (2007) used solid manure and found that it 
decreased plant growth and yield compared to mineral nutrient 
solution. Gül et al. (2003) reported that mixing organic manure 
into substrate prior to planting could be a sufficient nutrient 
source for lettuce plants. They explained that reductions in plant 
growth and yield due to organic manure treatment may be 
attributed to the lower uptake due to the lower availability and 
slower release of nutrients from organic sources. 

Mengel and Kirkby (2001) stated that plants supplied with 
organic manure initially take up the mineral fractions of these 
organic materials, thus the solution that is directly available to 
plant roots is of particular importance. . They added that the 
amount of nutrients which contacts directly with the plant roots 
is rather small within the overall nutrient demand. Therefore, 
transportation of nutrients towards the rhizosphere and root 
surface by mass flow and diffusion are more important than 
interception. 

Results obtained in the current study are in agreement  with 
those of Gül et al. (2007) who concluded that nutrient solution 
derived from organic manure can be a promising technique 
compared to solid manure application for organic nutrition of 
vegetables in substrate culture. Results indicate that this specific 
agricultural practice was successfully used in cucumber a crop of 
high nutrient demand and long vegetation, and thus can be used 
also for other species. 

The plant rhizosphere is the major soil ecological 
environment for plant–microbe interactions involving 
colonization of different microorganisms which may either result 
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in associative, symbiotic, neutralistic, or parasitic interactions 
depending.Finding the microorganisms very close to epidermis, 
plants secrete signal molecules for protection against invasion of 
the heterogeneous microbes in the root zone, and at this stage the 
differentiation takes place between pathogenic, associative, 
symbiotic, or neutralistic adaptation of microbes with the plant 
(Hayat et al. 2010). The plant signal molecules produced in 
response to microbial adhesion are the flavonoids and flavones 
which are secreted in the rhizosphere bacteria and some remain 
attached to plant cell walls to act as antimicrobial agents 
(phytoalexins). 

Rhizobium, gram-negative bacteria, is able to establish 
symbiosis with leguminous plants and develop positive 
interactions with legumes by inhabiting root nodules. Within 
these nodules, nitrogen-fixing bacteria reduce atmospheric 
nitrogen to ammonia. (Sessitsch et al. 2002) studies by others  
show that besides indigenous rhizobia interacting and competing 
with an inoculant strains other diazotrophs such as Azotobacter 
and Spas as well as rhizosphere fungi and bacteria especially 
species of Pseudomonas and Bacillus do interact with Rh 
affecting nodulation and nitrogen fixation (Ahmad et al. 2006; 
Gaind et al. 2007; Rodriguez and Frioni 2003). These 
diazotrophs do biological functions by symbiotically interacting 
with Rh within the rhizosphere and help create a beneficiary 
region with interacting microorganisms (Halbleib and Ludden 
2000; Gaind et al. 2007) 

The role of mycorrhizal fungi, especially the vesicular-
arbuscular mycorrhizae (VAM) belonging to the Zygomycetes class 
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in P mobilization in soils having a relatively low level of available 
phosphorous, is well established for cereals as well as legumes. 

Associative action of mycorrhizal fungi in legumes has a 
great impact on root and shoot development and P- uptake which 
results in the enhancement of nodulation and the fixation. 
(Albrecht et al. 1999). Inoculation with an effective Rh 
combination with seven VAM fungi (Glomus sp.) had a variable 
effect on plant growth enhancement, nodulation, and N2 fixation. 
(Barea et al. 2002, 2005). The role of AM fungi as P suppliers to 
legume root nodules is of great relevance when a specific AM 
fungus, Rhizobacterium sp. known for effective nodulation and 
N2 fixation was found in a mycotrophic legume (Requena et al. 
2001). The strain Glomus intraaridices was (Peterson and 
Guinel 2000).Such specific interactions between AM fungi, Rh, 
and PGPR have provided an insight into specific functional 
compatibility relationships between .AMF and PGPR and their 
management when used as biofertilizers or biocontrol a gents.Sp 
species influence plant growth through mechanisms; such as N2 
fixation, ph ytohormone production (e.g., auxins, cytokinins, and 
gibberellins), enhanced stress resistance, vitamin production, 
siderophores and biocontrol, and some of them do P 
solubilization (Steenhoudt and Vanderleyden 2000; 
Dobbelaere et al. 2003; Seshadri et al. 2000; Rodriguez et al. 
2004). However, the PGP trait ACC (amino cyclopropene 
carboxylic acid) deaminase activity was absent in A. brasilense 
(Holguin and Glick 2003). Bacteria also produce a wide variety 
of signaling molecules and influence plant growth; Sp produces 
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auxins “in vitro” and different pathways are involved in this 
production; indole acitic (IAA) is the most abundant member of 
the auxins family (Woodward and Bartel 2005). The path ways 
in Sp auxin production is via indole-3-acetamide and indole-3-
pyruvate intermediates (Spaepen et al. 2007). 

The demand for food crops increased markedly in the 
recent years as consumers have become more concerned about 
pesticide residues in the human diet. Consequently, organic 
farming is gaining popularity and farmers utilize available crop 
residues, animal manures and off-farm vegetative materials as 
organic amendments. Food crops grown in these systems are 
generally low. Use of beneficial microorganisms increases yield 
and quality of food crops in organic farming systems. Daly and 
Stewart (1999) found that beneficial microorganisms plus 
molasses increased the onion yield by 29%, pea yield by 31%, 
and sweet corn cob weights by 23%. Daiss et al. (2008) reported 
that Swiss chard (Beta vulgaris L.) had higher phosphorus and 
magnesium contents by using organic manure. Enhanced nutrient 
utilization efficiencies of the plants in beneficial 
microorganisms-applied treatments were used in capsicum 
(Capsicum annuum L.) and cowpea (Vigna unguiculata L.) 
(Sangakkara et al. 1998). 

Sangakkara (1998) suggested that yields of sweet potato 
(Ipomoea batatas L.) and bush bean (Phaseolus vulgaris L.) 
increased by application of biofertilizer to traditional organic 
system. Increase in yield due to biofertilizer was also reported 
radish, cabbage, and lettuce (Lee 1994 and Naseem 2000). 
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4.2.3. Nitrogen uptake by cucumber at different growth stages: 
Nitrogen uptake by cucumber at different growth stages as 

affected by microbial inoculation and mineral and organic 
fertilizers is listed in Tables 19 and 20 and graphically illustrated by 
Figures 44 to 47.At vegetative growth stage, the un-inoculated 
treatment showed an increase of nitrogen uptake with addition of 
mineral fertilizer either solely or in combination with organic 
compost as compared to the unfertilized control. The highest value 
of N uptake (689.59 g ha-1) was by adding 75% MF + 25% OC  the 
50% MF + 50% OC came next (596.08 g ha-1The lowest N uptake 
was detected with the un-inoculated, unfertilized (132.09 g ha- 
followed by those of100% OC (138.11 g ha-1). 

Cucumber plants inoculated with Rh but unfertilized gave 
high N uptake (251.25 g ha-1) while the un-fertilized, un-
inoculated gave the lowest (132.09 g ha-1). It seems that rhizobial 
inoculation enhanced N- uptake. The highest of N uptake 
(1614.01 g ha-1) was observed with 50% MF + 50% OC + Rh 
followed by the treatment of 75% MF + 25% OC (832.54 g ha-1). 

Cucumber plants with AMF gave high N uptake as 
compared to either the un-inoculated control or those inoculated 
with Rh. This holds true with all fertilization treatments. 
Similarly, the highest value of N uptake (2894.6 g ha-1) was by 
addition of 50% MF + 50% OC followed by 75% MF + 25% OC 
(1320.2 g ha-1). 

Similar trend, but to somewhat lower extent, was observed 
with Sp. In this respect, the overall means of inoculation 
treatments indicated the following rank: AMF >Sp >Rh> un-
inoculated control. 
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Table 19: Nitrogen uptake of cucumber at vegetative and 
flowering stage (g ha-1) as influenced by mineral, 
organic and bio-fertilizers. 

Inoculation    B 

Mean Sp*** AMF** Rh* Uninoc 

Fertilization    A 
 

vegetative Organic Mineral 

223.33 248.15 261.83 251.25 132.09 0% 0% 

636.87 501.77 925.89 560.78 559.06 0% 100% 

970.15 1038.2 1320.2 832.54 689.59 25% 75% 

1677.1 1603.6 2894.6 1614.0 596.08 50% 50% 

347.69 285.29 516.63 316.85 271.99 75% 25% 

289.30 302.14 383.56 333.40 138.11 100% 0% 

690.74 663.22 1050.4 651.47 397.82 mean 

flowering 

3937.05 3170.0 4437.6 4739.2 3401.1 0% 0% 

10461.6 6230.7 16631.2 9746.6 9237.5 0% 100% 

12086.7 11457.1 20142.2 10673.9 6073.8 25% 75% 

13736.3 12859.3 19611.2 11821.9 10652 50% 50% 

6817.8 5661.1 9351.7 6751.7 5506.7 75% 25% 

5588.9 5780.5 5856.90 5624.62 5093.8 100% 0% 

8771.4 7526.58 12671.8 8226.37 6660.99 mean 

Rhizobium Rh AB B A L.S.D 

Mycorrhizae AMF 244.30 148.9 147.3 vegetative 

Azospirillum Sp 769.15 468.7 463.7 Flowering 

uninculation uninoc     
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Fig. 44: Effect of organic, mineral and biofertilizers on 
nitrogen uptake (glha) by cucumber plant at 
vegetative growth stage. 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 45: Effect of organic, mineral and bio-fertilizers on 

nitrogen uptake (g/ha) by cucumber plant at 
flowering growth stage. 
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At the same time, the overall average of fertilization 
treatments shows superiority of 50% MF + 50% OC followed by 
75% MF + 25% OC the 100% MF. 

Similar trends, but to higher extent were observed at the 
flowering growth stage of cucumber plants. 

At hay and fruit growth stages, N uptake by cucumber has 
the same trend of fertilization treatments but with some 
exception of inoculation treatments. In this respect, the overall 
average of inoculation treatments showed the superiority of 
AMF over Rh, Sp and un-inoculated control. This ranking varied 
at fruit stage where the AMF was superior over Sp, Rh   and   un-
inoculated, respectively Table 20  and  Figures . 46 and  47. 

In the Mediterranean region, alkaline soils are widely 
represented throughout the cropping regions, particularly those 
with semiarid climates (Troeh and Thompson 2005). Alkalinity 
seems to be a reason for yield reduction of cucumber via 
different mechanisms (Rouphael et al., 2010). They reported 
that there is   a need for assessing the effect of AM inoculation in 
alkaline soils. 

One way to avoid or reduce losses in production caused by 
alkalinity in high yielding genotypes would be to inoculate them 
with AM.AM fungi are the most widespread root fungal 
symbionts and are associated with the vast majority of higher 
plants (Sensoy et al. 2007). They improve soil structure (Miller 
and Jastrow 2000), enhance plant nutrient acquisition (Clark 
and Zeto 2000), overcome the detrimental effect of salinity 
(Colla et al. 2008), improve drought tolerance (Sanchez-Blanco 
et al. 2004), suppresses root knot nematode (Zhang et al. 2008), 
and alleviate environmental stresses (Jeffries et al. 2003) 
through greater effective root penetration and activation and 
excretion of various enzymes (Marschner 1995; Smith and 
Read 2008). 
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Table 20: Nitrogen uptake of cucumber at hay and fruit stage 
(g ha-1) as influenced by mineral, organic and bio-
fertilizers. 

Inoculation    B 

Mean Sp*** AMF** Rh* Uninoc

Fertilization   A 
 

Hay Organic Mineral 

43577 36056 44731 66592 269290% 0% 

63355 57623 91227 57797 467710% 100% 

111254 100858 170343 105516 6829725% 75% 

120583 117873 131783 139390 9328750% 50% 

61154 55853 68127 73200 4743575% 25% 

58602 39870 83125 78613 32798100% 0% 

76421 68022 98223 86851 52586mean 

Fruit 

16782.0 20588.2722107.3716553.277879.00% 0% 

45136.9 44063.6656813.4556794.9622875.0% 100% 

57584.0 62357.5780502.4657110.8130365.25% 75% 

77775.3 86520.11102506.0481948.6140126.50% 50% 

43782.5 48134.6060833.1043733.132242975% 25% 

43225 24756.3225484.7818652.96104009100% 0% 

43480.7 47736.7658041.2045798.9637947mean 

Rhizobium Rh AB B A L.S.D 
Mycorrhizae AMF 11500.3 7007.6 6932.7 hay 
Azospirillum Sp 5378.1 3278.1 3243.3 Fruit 

uninculation uninoc     
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Fig. 46: Effect of mineral, organic and bio-fertilizer on 

nitrogen uptake (g/ha) by hay of cucumber plant 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 47: Effect of mineral, organic and bio-fertilizer on 

nitrogen uptake (g/ha) by fruit of cucumber plant. 
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Under alkaline conditions, yield and biomass production 
were higher in inoculated than noninoculated plants. Alkalinity 
tolerance of cucumber plants inoculated with G. intraradices 
may be due to higher uptake and translocation of nutrients to 
shoots. AM can mitigate the adverse effect of alkalinity 
(Cartmill et al. 2007, 2008). Cartmill et al. (2007) concluded 
that the alkaline tolerance of Rosa multiflora is primarily related 
to the enhanced nutrient uptake leaf chlorophyll increase, low Fe 
reductase activity, and low soluble alkaline phosphatase activity. 

Results of the current study are in agreement with those of 
Rouphael et al., (2010) who found that AM inoculation with G. 
intraradices alleviate the detrimental effect of alkalinity on 
growth and productivity of plants. 

Shen et al., (2010) examined the effect of increasing 
nitrogen fertilizer rates on nutrition status of cucumber and 
tomato crops, and found cucumber yields was greatest (33.9) t 
ha-1 by N fertilizers. 
4.2.4. Effect of nitrogen Fertilization and Microbial Inoculation 

on Nitrogen derived From Different N Sources: 
4.2.4.1. Nitrogen derived From Fertilizer (Ndff) by cucumber 

plants: 
Nitrogen derived from fertilizer (Ndff) by cucumber plants 

as affected by mineral/organic N fertilization and microbial 
inoculation at different plant growth stages is listed in Table 21 
and graphically illustrated by Figures 48 to 51. Un-inoculated 
treatment at vegetative growth stage showed significant 
reduction in percent and absolute values of Ndff with decreasing 
values of mineral fertilizer in organic/mineral combinations. 
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The highest percent (58.16%) and value (325.16 g ha-1) 
Ndff were noticed with 100% MF. Similar trend was recorded 
with the inoculated treatments. Inoculation decreased Ndff%. 
Comparison between the inoculants shows superiority of AM 
over others. It means that AM enhanced of nitrogen derived from 
mineral fertilizer by the inoculated plants. In this regard, the 
highest value of Ndff (945.2 g ha-1) was recorded with 50% MF 
+ 50% OC. 

At the flowering stage, the percentage of Ndff was nearly 
close to those recorded at vegetative growth stage. On the other 
hand, the absolute values of Ndff were higher than those 
recorded at vegetative stage. Fertilization and microbial 
inoculants has the same effect on N derived by cucumber plants 
from mineral fertilizer like those noticed at the vegetative growth 
stage. AMF was the most effective inoculants. 

Regarding Ndff in hay considerable increase in both 
percentages and absolute values of Ndff was noticed as 
compared to vegetative and flowering stages. Stimulation of 
nitrogen portion derived from mineral fertilizer as affected by 
microbial inoculation was more pronounced especially with 50% 
MF + 50% OC. Microbial inoculation enhanced N derived from 
fertilizer in general. In this regard, the inoculums could be 
ranked as follow: AMF > Rh > Un-inoculated > Sp. 

Similar trends, but to higher extent was observed with the 
fruit stage. In general, the highest Ndff was detected with the 
50% MF + 50% OC. AM was the most effective inoculum on 
enhancing Ndff. 
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Table 21: Effect of organic, mineral and biofertilizers on nitrogen derived from fertilizer (Ndff) g 
ha-1 by cucumber plants at different growth stages. 

Inoculation 
Sp AMF Rh Un-inoculated 

Vegetative 
Fertilization 

 

g/ha % g/ha % g/ha % g/ha % Organic Mineral 
168.96 33.67 444.05 47.96 257.50 45.92 325.16 58.16 0% 100% 
275.46 26.53 422.11 31.97 249.19 29.93 274.43 39.80 25% 75% 
425.47 26.5 945.20 32.6 527.02 32.65 267.63 44.90 50% 50% 
78.60 27.5 193.30 37.4 100.23 31.63 121.19 44.5 75% 25% 
237.1  501.1  283.4  247.1  Mean 

                                           Flowering 
2055.89 32.99 7749.953 46.6 3381.48 34.7 4807.30 52.0 0% 100% 
3585.21 31.3 6303.011 31.3 2722.95 25.5 2127.90 35.03 25% 75% 
2930.53 22.79 7004.02 35.71 2814.7 23.81 3985.7 37.41 50% 50% 
1444.17 25.51 2449.26 26.19 1446.80 21.43 1760.65 31.97 75% 25% 
2503.9  5876.5  2591.4  3170.3  Mean 

                                    Hay 
29,399.99 51.02 55,853.31 61.22 31,258.05 54.08 32,613.02 69.73 0% 100% 
39,451.36 39.12 77,639.69 45.58 46,298.21 43.88 37,633.27 55.10 25% 75% 
51,319.27 43.54 60,064.60 45.58 62,583.55 44.90 48,864.93 52.38 50% 50% 
19,947.62 35.71 30,355.94 44.56 27,636.75 37.76 24,201.96 51.02 75% 25% 
35029.5  55978.3  41944.1  35828.3  Mean 

                                      Fruit 
17235.79 39.12 26667.54 46.94 28783.84 50.68 14005.62 61.22 0% 100% 
20361.66 32.65 35596.33 44.22 22922.03 40.14 15492.54 51.02 25% 75% 
25897.18 29.93 40444.56 39.46 28152.41 34.35 16514.74 41.16 50% 50% 
14898.81 30.95 26692.07 43.88 16957.74 38.78 10985.72 48.98 75% 25% 
19598.3  32350.1  24204.0  14249.6  Mean 

    MycorrhizaeAMF  Rhizobium Rh 
    AzospirillumSp  uninculation uninoc 
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Fig.48: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from fertilizer (Ndff) at vegetative 
stage of cucumber plants. 

 
 
 
  
 
 
 
 
 
 
 
 
 

Fig. 49: Effect of mineral, organic and bio-fertilizer on 
nitrogen derived from fertilizer (Ndff) at flowering 
growth stage of cucumber. 
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Fig. 50: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from fertilizer (Ndff) at hay growth 
stage of cucumber. 

 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 51: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from fertilizer (Ndff)   fruit stages 
of cucumber plants. 
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In conclusion, nitrogen derived from mineral fertilizer by at 
different plant growth stages was significantly affected by the 
rate of addition. The highest Ndff were recorded with 50% MF + 
50% OC enhanced with microbial inoculation. AM was superior 
to the others. This holds true with all the plant growth stages. At 
the same time, the increase of Ndff uptake by plants was more 
and s pronounced at the fruit stage as compared to other growth 
stages. 

Miransari (2011) reported that N biological fertilization 
includes the use of plant growth-promoting rhizobacteria 
(PGPR) including the N-fixing bacteria, rhizobium. There are 
also arbuscular mycorrhizal (AM) fungi in the soil, which are 
symbiotic to most terrestrial plants enhancing plant growth and 
yield production through increasing the uptake of water and 
nutrients by the host plant (Smith and Read 2008). The 
symbiosis between the fungi and host plant is not specific; 
however, some fungi-host plant associations may be more 
efficient under specific circumstances (Daei et al. 2009). AM 
fungi are able to alleviate the effects of different stresses on plant 
growth and yield production increasing uptake of water and 
(Miransari et al. 2007, 2008, 2009a, b; Daei et al. 2009). 

Azcón et al. (2001, 2008) tested the effects of 
mycorrhization and P fertilization on growth of lettuce as well as 
on N assimilation and proline content under drought stress and 
found that AM fungi enhanced N in plant as well as  activity of 
nitrate reductase and proline content in plant.  

Tian et al. (2010) found that AM is able to absorb organic 
and mineral N. and that, arginine is synthesized in the extra 
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radical hypha and transferred to the intraradical hypha where it 
releases N to be absorbed by the host plant. 

Using labeled N, hypha of AM fungi showed ability to 
utilize mineral N efficiently (Ames et al. 1983; Frey and 
Schüepp 1992; Johansen et al. 1993, 1994; Subramanian and 
Charest 1999). Also AM fungi enabled the host plant to have 
access to the N mineral sources, (Tobar et al. 1994a, b). 
Johansen et al. (1993) stated that external hypha of Glomus 
intraradices was able to absorb NO3 and NH4 and provide them 
to the host plant. 

The ability of AM fungi to use soil organic matter as a source 
of mineral N was referred to by Jin et al. (2005) and Talbot et al. 
(2008), however, even if AM fungi is not effective in such a process, 
their influence on the activity of soil mineralizing microbes may 
indirectly indicate their role in soil N dynamic and uptake by plant 
(Andrade et al. 1997; Marschner et al.  2001; Hodge 2003a,  b; 
Aneja et al.  2006). Hodge et al. (2001) reported that the AM fungi, 
G. enhanced mineralization soil organic nutrients.Atul-Nayyar et al. 
(2009) found that the C/N ratio of soil organic matter decreased from 
17.8 to 13, resulting in higher amounts of mineralized N in the 
presence of AM . 
4.2.4.2. Nitrogen derived from air (Ndfa): 

Nitrogen derived from air (Ndfa) by cucumber at different 
plant stages presented in Table 22 and graphically illustrated by 
Figures 52 to 55. At the vegetative growth stage, a considerable 
amounts of N fixed by Rhizobium was observed despite of low 
percentages of Ndfa which did not exceed 30%. Values of Ndfa 
were negatively affected by increasing the rate of mineral  
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Table 22: Effect of organic, mineral and biofertilizers on 
nitrogen derived from air (Ndfa) g ha-1 by 
cucumber plants at different growth stages. 

Inoculation  
Sp AMF Rh 

Vegetative 
Fertilization 

 
g/ha % g/ha % g/ha % Organic Mineral 
211 42.1 162 17.5 118 21.0 0% 100% 
345 33.2 258 19.6 206 24.7 25% 75% 
655 40.8 789 27.2 439 27.2 50% 50% 
108 38.1 82 16.0 91 29.0 75% 25% 
330  323.3  213.8  Mean 

Flowering 
2276 36.5 1711 10.2 3251 33.3 0% 100% 
1204 10.5 2062 10.2 2832 26.5 25% 75% 
4992 38.8 896 4.5 4291 36.3 50% 50% 
1143 20.2 1680 17.9 2219 32.8 75% 25% 
2403  1587  3148  Mean 

Hay 
15450 26.8 11027 12.2012978 22.4 0% 100% 
29223 29.0 29323 17.2821398 20.3 25% 75% 
19927 16.8 17094 12.9919902 14.2 50% 50% 
16756 30.0 8629 12.6719032 26.0 75% 25% 
20339  16518  18327  Mean 

Fruit 
15910 36 13258. 23.3 9767. 17.2 0% 100% 
22448. 36 10733 13.3 12183 21.3 25% 75% 
23582. 27 4229. 4.1 13524 16.5 50% 50% 
17700. 36 6277. 10.3 9107 20.8 75% 25% 
19910  8624  11145  Mean 

Rhizobium Rh 

Mycorrhizae AMF 

Azospirillum Sp 

 
 



 
 

 
 

118

0

200

400

600

800

1000

Rh AMF Sp

Inoculation

N
df

a 
(g

/h
a)

100% Min+0% Org 75% Min+25% Org
50% Min+50% Org 25% Min+75% Org

0

1000

2000

3000

4000

5000

6000

Rh AMF Sp

Inoculation

N
df

a 
(g

/h
a)

100% Min+0% Org 75% Min+25% Org
50% Min+50% Org 25% Min+75% Org

 
 
 
 
 
 
 
  
 
 

Fig.52: Effect of mineral, organic and bio-fertilizer on 
nitrogen derived from air (Ndfa) at vegetative growth 
stage of cucumber plants. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 53: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from air (Ndfa) at flowering growth 
stage of cucumber plants. 
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Fig. 54: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from air (Ndfa) at hay stage of 
cucumber plants. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 55: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from air (Ndfa) at fruit stage of 
cucumber plants 
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fertilizer whereas the highest value (439.23 g ha-1) by 50% MF + 
50% OC and was lower with 75% MF + 25% OC and 100%MF. 
On the other hand, the lowest value of Ndfa (91.88 g ha-1) 
resulted with 25% MF + 75% OC. Similar trend, but to 
somewhat high extent was noticed with AM fungi and 
Azospirillum inoculums. Dealing with different inocula, data of 
Ndfa show superiority of Azospirillumi over AM then 
Rhizobium. 

At flowering Rhizobium inoculation gave higher Ndfa with 
50% MF + 50% OC than those recorded with other treatments 
(4291.02 gha-1) followed by100% MF (3251.33 gha-1) 
comparing inoculums, very low Ndfa was recorded with AM. 
High Ndfa% was recorded with 25% MF + 75% OC. Inoculation 
with Azospirillum showed considerable amount of Ndfa as 
compared to AM inoculums. The highest value of Ndfa (4992.99 
g ha-1) was recorded of 50% MF + 50%OC followed by those 
recorded at 100% MF (2276.96 g ha-1). The overall mean of 
inoculation treatments indicates the superiority of Rhizobium 
over theothers when Ndfa values were considered. In this 
respect, the microbial inoculums could be ranked as follows: 
Rhizobium > Azospirillum > AM fungi. 

At the hay stage, the percentages of Ndfa induced by 
microbial inoculation were nearly close to each other. With 
Rhizobium inoculation, the highest value of Ndfa was noticed 
with addition of 75% (21398g ha-1) mineral fertilizer followed 
by addition of 50% rate (19902 g ha-1). Similar trend was noticed 
with AM and Azospirillum inoculums. The overall mean of 
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inoculation indicated that values of Ndfa induced by 
Azospirillum were higher than those of Rhizobium then AM. 

At fruit stage, similar trends similar to those given by the 
hay stage were noticed. The highest values of Ndfa were 
recorded with 75% MF + 25%OC and 50% MF + 50%OC. This 
holds true with all inocula. In this respect, inocula could be 
ranked as follow: Azospirillum > Rhizobium > AMF. 

In conclusion, microbial inoculation offer nitrogen gained 
from air and utilized by plant. High Ndfa values, in general were 
recorded with medium rates of mineral fertilizer additions. 
Recognition of the most effective inoculums on Ndfa indicate a 
fluctuated trend in relation to plant growth stage. The highest 
values of Ndfa was by Rhizobium at hay stage followed by fruit. 
Similar trend, but to different extents was noticed with AMF and 
Azospirillum inoculums.    

Shen et al. (2010) found that activities of dehydrogenase, 
urease and neutral phosphatase, nitrification capacity, and 
microbial functional diversity were decreased significantly with 
increasing N application rate. They added that 40% reduction of 
the conventional N fertilization rate was practical to reduce 
excess N input while maintaining the sustainability of such 
greenhouse-based intensive cucumber and tomato vegetable 
systems. 
4.2.4.3. Nitrogen derived from composted (Ndfc): 

Nitrogen derived from compost (Ndfc) by cucumber plants 
at different plant stages as affected by mineral/organic nitrogen 
fertilization and microbial inoculation is presented in Table 23, 
and graphically illustrated by Figures. 56 to 59. At vegetative 
growth stage, Ndfc decreased with increasing the percent of  
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Table 23:Effect of organic, mineral and biofertilizers on 
nitrogen derived from compost (Ndfc) g ha-1 by 
cucumber plants at different growth. 

Sp AMF Rh Un-inoculated
Vegetative 

Fertilization 
 

g/ha % g/ha % g/ha % g/ha % organic mineral 
219 21 439 33 289 34. 217 31.59 25% 75% 
338 21 924 31. 465 28 135 22.80 50% 50% 
52 18 113 21 98 31 63 23.38 75% 25% 
203  492  284  139  Mean 

Flowering 
597 5 6574 32 2760 25 1983 32. 25% 75% 

3958 30. 4528 23 3696 31. 2997 28 50% 50% 
1286 22 4090 43 2572. 38. 2118 38 75% 25% 
1947  5064  3009.  2366  Mean 

Hay 
23365 23.17 43532. 25.5619930.18.8914234.20. 25% 75% 
17257 14.67 33678. 25.562347216.9823133.24. 50% 50% 
16713 30.00 18545. 27.222291 30.1912684.26 75% 25% 
19112.  31918  15231 16684  Mean 

Fruit 
10308. 16.53 4643 5.77 1187220.795056. 16.65 25% 75% 
20316. 23.48 16330. 15.9326379.32.1913147 32.77 50% 50% 
10046. 20.87 3997. 6.57 1027523.504478 19.97 75% 25% 
13557  8323.  16176 7560  Mean 

       Rhizobium Rh 

       MycorrhizaeAMF 
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Fig. 56: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from compost (Ndfc) at vegetative 
growth stage of cucumber plants. 

  
 
 
 
 
 
  
 
 
 
Fig.57: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from compost (Ndfc) at flowering 
growth stage of cucumber plants. 
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Fig. 58:Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from compost (Ndfc) at hay stage of 
cucumber plants. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 59: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from compost (Ndfc) at   fruit  of 
cucumber plants. 
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organic compost addition. In this regard, the highest value of 
Ndfc was recorded at 75% MF + 25% OC followed by 50% MF 
+ 50% OC followed by of 25% MF + 75% OC. Similar trend but 
to higher extent was noticed with Rhizobium inoculation. 
Application of 50% MF + 50% OC resulted in the highest value 
of Ndfc (465.63 g ha-1) followed by 75% MF + 25% OC (289.80 
g ha-1). Similar trend was noticed with AM and Azospirillum 
inoculation. The overall mean of inoculation treatments indicates 
superiority of AM over Rhizobium, Azospirillum and un-
inoculated, respectively. 

At flowering stage, Ndfc under the un-inoculated treatment 
was higher in case of 50% MF + 50% OC followed by 25% MF 
+ 75% OC and 75% MF + 25% OC, respectively. Similar trend 
was noticed with Azospirillum inoculation. In case of Rhizobium 
inoculation, Ndfc was higher with 50% MF + 50% OC followed 
by 75% MF + 25% OC then 25% MF + 75% OC. Another trend 
was noticed with AM where Ndfc values could be ranked as 
follows: 75% MF + 25% OC > 50%MF + 50% OC > 25% MF + 
75% OC. At the same time, the overall means of inoculation 
treatments indicates the superiority of AM over Rhizobium, or 
Azospirillum. 

At the hay stage, Ndfc was affected by fertilizers. For 
example, the un-inoculated treatment reflected an increase of 
Ndfc at 50% MF + 50% OC over those recorded at 75% MF + 
50% OC and 25% MF + 75 OC. Inoculation with Rhizobium 
resulted in higher values of Ndfc than those recorded with the 
un-inoculated treatment. Values by application of 50% MF + 
50% OC were higher than those of 25% MF + 75% OC or 25% 
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MF + 75% OC. Similar trend but to higher extent than those 
recorded with Rhizobium was noticed with AM inoculation. In 
case of Azospirillum inoculation, the highest value of Ndfc was 
with 75% MF + 25% OC followed by 50% MF + 50% OC, then 
25% MF + 75% OC treatments. The overall average of Ndfc as 
affected by microbial inoculation indicated the superiority of 
AM over Rhizobium, Azospirillum. 

At fruit stage, in general the values of Ndfc by fruits tended 
to decrease significantly as affected by fertilization microbial 
inoculation comparable to those recorded at the hay stage. 
Considering the effect of fertilization treatments, data show that 
the highest values of Ndfc were recorded with 50% MF + 
50%OC treatment. This holds true with all inoculation 
treatments including the un-inoculated one. The treatment of 
75% MF + 25% OC came next. The overall average of Ndfc as 
affected by inoculation indicated a superiority of Rhizobium over 
Azospirillum, AM and the un-inoculated. 

In conclusion, values of Ndfc were frequently affected by 
fertilization and microbial inoculation treatments according to 
growth stages. Most of Ndfc was occurred by addition of 50% 
MF + 50% OC. It seems that inoculation in general enhanced N 
mineralization.. In this regard, Rhizobium and AMF were more 
effective than Azospirillum. High quantities of Ndfc were 
recognized at hay stage as compared to other growth stages.  
4.2.4.4. Nitrogen derived from soil (Ndfs): 

Nitrogen derived from soil (Ndfs) by cucumber plants at 
different plant stages as affected by fertilization and microbial 
inoculation is presented in Table 24 and graphically illustrated by 
Figures. 60 to 63. At the vegetative growth stage, the un-inoculated  
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Table 24:Effect of organic, mineral and biofertilizers on 
nitrogen derived from soil (Ndfs) g ha-1 by 
cucumber plants at different growth stages. 

Inoculation 

Sp AMF Rh Un-
inoculated 

Vegetative 

Fertilization 
 

g/ha % g/ha % g/ha% g/ha % Organic Mineral 
121 24.21 319 34.50185 33.02233 41.84 0% 100% 
198 19.10 199 15.1187. 10.48197 28.62 25% 75% 
184 11.49 235 8.14 182 11.28192 32.30 50% 50% 
45 16.07 127 24.6426 8.3187 32.07 75% 25% 

137  220  120  177  Mean 
Flowering 

1898 30.47 7170 43.11311331.954430 47.96 0% 100% 
5050 44.08 5202 25.83235722.091962 32.31 25% 75% 
977 7.60 7182 36.6210208.633669 34.45 50% 50% 

1787 31.57 1131 12.09512 7.601627 29.56 75% 25% 
2428  5171  1751 2922  Mean 

Hay 
12773 22.17 2434626.691356123.4614158.30.27 0% 100% 
8818 8.74 1984824.971788916.951642924.06 25% 75% 
29370 24.92 2094615.893343123.982128822.82 50% 50% 
2436 4.36 1059615.5544396.071054922.24 75% 25% 
13349  18934 17330 15606 Mean 

Fruit 
10917 24.78 1688629.721824332.128870 38.78 0% 100% 
9238 14.82 2952936.6810132.17.749816 32.33 25% 75% 
16724 19.33 4150140.491389116.951046426.08 50% 50% 
5488 11.40 2386639.23739216.906965 31.05 75% 25% 
10592  27946 12414 9029  Mean 

      Rhizobium Rh 
      MycorrhizaeAMF 
      AzospirillumSp 
      uninculationuninoc 
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Fig. 60: Effect of mineral,organic  and bio-fertilizer on 
nitrogen derived from soil (Ndfs) at vegetative 
growth stage of cucumber plants. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig.61: Effect of mineral, organic and bio-fertilizer on 

nitrogen derived from soil (Ndfs) at flowering 
growth stage of cucumber plants. 
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Fig. 62: Effect of mineral,organic  and bio-fertilizer on 
nitrogen derived from soil (Ndfs) at hay  stage of 
cucumber plants. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 63: Effect of mineral, organic and bio-fertilizer on 
nitrogen derived from soil (Ndfs) at  fruit  of 
cucumber plants. 
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Treatment reflected gave the highest Ndfs, whith 100% MF. In 
this respect, the lowest value of Ndfs was noticed with 25% 
MF+ 75% OC. Similar trend was noticed with inoculated 
treatments but with different values. In this regard, inoculation 
with AMF was superior over the un-inoculated, Azospirillum, 
and Rhizobium. Similar trends were noticed at flowering stage 
but to somewhat higher extent than those recorded at the 
vegetative growth stage 
 At hay stage, the highest value of Ndfs was with appl of 
50% 50% MF + 50% OC under the un-inoculated treatment. 
Application of 75% MF + 25% OC came next. Approximately, 
the same trend was noticed with all inoculation treatments. 
Inoculation with Rhizobium and AM gave higher Ndfs over 
those of the un-inoculated treatment. Azospirillum inoculation 
where Ndfs values lower than of un-inoculated. Considering the 
effectiveness of inoculums on Ndfs portion, data reveale  
superiority of AM over Rhizobium and Azospirillum,. Similar 
trends were noticed with the fruits of cucumber plants. 

In conclusion, application of 50% MF + 50% OC was more 
effective for Ndfs by cucumber plant. Higher Ndfs was recorded 
at hay growth stage as compared with other growth stages. AM 
fungi and Rhizobium inoculums were more effective than the 
other. 
4.2.4.5. Nitrogen use efficiency (NUE): 

Nitrogen use efficiency (NUE) by cucumber plants at 
different plant stages as affected by mineral/organic nitrogen 
fertilization and microbial inoculation is presented in Table 25, 
and graphically illustrated by Figures 64 to 67. 
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Table 25: Effect of organic, mineral and bio-fertilizers on 
nitrogen use efficiency (NUE %) by cucumber 
plants at different growth stages, 

Inoculation 

Sp AMF Rh Un-
inoculated

Vegetative 

Fertilization 
 

% % % % Organic Mineral 
0.12 0.31 0.18 0.23 0% 100% 
0.26 0.39 0.23 0.26 25% 75% 
0.60 1.32 0.74 0.37 50% 50% 
0.22 0.54 0.28 0.34 75% 25% 

Flowering 
1.44 5.42 2.37 3.36 0% 100% 
3.35 5.88 2.54 1.99 25% 75% 
4.10 9.80 3.94 5.58 50% 50% 
4.04 6.86 4.05 4.93 75% 25% 

Hay 
20.57 39.08 21.87 22.82 0% 100% 
36.81 72.44 43.20 35.11 25% 75% 
71.82 84.06 87.59 68.39 50% 50% 
55.84 84.98 77.37 67.75 75% 25% 

Fruit 
12.11 18.74 20.23 9.84 0% 100% 
19.00 33.21 21.39 14.45 25% 75% 
36.24 56.60 39.40 23.11 50% 50% 
41.71 74.72 47.47 30.75 75% 25% 

Rhizobium Rh 

Mycorrhizae AMF 

Azospirillum Sp 
uninculation uninoc 
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Fig. 64: Effect of mineral, organic and bio-fertilizer on 
nitrogen use efficiency (NUE%) at vegetative 
growth stage of cucumber plants 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 65: Effect of mineral, organic and bio-fertilizer on 

nitrogen use efficiency (NUE%) at flowering growth 
stage of cucumber plants. 
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Fig. 66: Effect of mineral,organic  and bio-fertilizer on 
nitrogen use efficiency (NUE%) hay  of cucumber 
plants. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 67:Effect of mineral, organic and bio-fertilizer on 

nitrogen use efficiency (NUE%) at  fruits of 
cucumber plants. 



 
 

 
 

134

At vegetative growth stage, NUE was very low. Under the 
un-inoculated treatment, NUE was higher at 50% MF+50%OC 
than those recorded with the others. Similar trend was noticed 
with inoculation treatments. Microbial inoculation enhanced 
NUE. Similar trend, but somewhat was noticed at the flowering 
growth stage. 

Higher NUE occurred at hay growth stage. The highest 
NUE resulted from application of 50% MF + 50% OC followed 
by those of 25% MF + 75% OC. It seems that microbial 
inoculation in general has a synergistic effect on enhancement of 
NUE. 

In conclusion, 50% MF + 50% OC has an effective role on 
enhancement of NUE. Therefore as well as microbial inoculums 
enhanced the efficient use of mineral N by the different 
cucumber plant parts. 

Several mechanisms have been postulated to explain how 
plant growth promoting rhizobacteria (PGPR) enhance growth 
and development of plants. From extensive genetic, biochemical, 
and applied studies, Azospirillum brasilense is considered one of 
the most affection PGPR, and is regarded a general plant root 
colonizer (Bashan and Holguin, 1997). Nevertheless, there is 
no unique mechanism established that elucidates the growth 
promoting capability of this bacterium. The more generally 
accepted hypotheses   include biological N2 fixation, production 
of growth regulation substances, and increased mineral and 
water uptake,, (Bashan et al., 2004). Production of plant growth 
regulators by Azospirillum has often been proposed as a key 
factor responsible for the observed plant growth promotion 
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(Vande Broek et al., 2000). A variety of auxins like indole-3-
acetic acid (IAA) Tsavkelova et al., 2007, Martic ´nez-Morales 
et al., 2003), cytokinins (Tsavkelova et al., 2006) and 
gibberellins (Bottini et al., 2004, Perrig et al., 2007) were 
reported to be produced by Azospirillum spp. In addition, the 
capability of A. brasilense to produce nitric oxide is recognized 
as a key factor in the enhanced branching of inoculated roots 
(Creus et al., 2005, Molina-Favero et al., 2008).  Zhu et al. 
(2005) and He et al. (2007).excessive application of N fertilizer 
in polytunnel greenhouse vegetable fields resulted in change of 
soil chemical properties. 

Zhu et al. (2005); Ju et al. (2006) and He et al. (2007) stated 
that vegetable production requires a high degree of management 
and larg input of nutrients and irrigation. He et al. (2007) reported 
that NUE for vegetable lands was very low. Zhu et al. (2005) noted 
that only 10% or 48% of the applied N was recovered from the 
aboveground part or from the soil-plant system of greenhouse-
based hot pepper (Capsicum frutescens L.). 
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SUMMARY 
Two field experiments were, conducted in the Plant 

Nutrition and Fertilization Unit, Soils and Water Department 
Nuclear Research Center, Atomic Energy Authority, Inshas, 
Egypt,assessing application of N in totally organic or totally 
mineral or different mixtures with the rat of N (being fixed) with 
or without biofertilizers   carried out following  design  factorial 
complete block design with three  replicates .In the  first one, pea 
was planted and in the second cucumber was planted in the same 
plots. 
The obtained results can be summarized under the following: 

Pea Experiment: 
Fresh weight: 
Vegetative: 

Inoculation with Sp resulted in high increases in fresh 
weight at vegetative stage. With application of 25%  MF + 75% 
OC, 100% OC and the unfertilized (0 MF; 0 OC). Giving 173%, 
154% and 188% over the un-inoculated unfertilized, 
respectively. 

Flowering: 
The obtained results gave us the chance to conclude that 

application of mineral and organic fertilizers in ratio of 50:50% 
in combination with any of microbial inoculants is beneficial for 
improving pea fresh weight. 

Hay:  
Comparison between microorganisms shows   main effects of 

superiority of Rh over Sp then AM Fungi. The treatment of 75% 
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MF + 25% OC gave the highest fresh matter while the lowest 
weight was obtained with 25% MF + 75% OC. The 50% MF + 
50% OC was superior to 100% MF only in presence of Sp, 
otherwise both treatments were similar. 

Generally, organic compost added either solely or in 
combination the mineral fertilizer increased growth parameters 
of pea plants. This effect was more pronounced when combined 
with biofertilization. Inoculation with Rh was more effective 
than others. It could be concluded that the use of organic 
amendments either alone or in combination with low rates of 
mineral fertilizer in combination with biofertilization could 
compensate for part of N-fertilizers. Concerning the effect of 
treatment on pea dry weight results show patterns similar to 
those shown by the fresh weight. 

Nitrogen derived from fertilizer: 
Vegetative: 

Application of 100% mineral fertilizer caused   higher Ndff 
(121.60 g ha-1) than those recorded with the combined treatments 
of organic and mineral fertilizers under the un-inoculated 
treatment.  

Flowering: 
The overall averages of biofertilization treatments indicated 

that Ndff decreased with inoculation .The overall averages of 
mineral and organic fertilization reflected significant decrease in 
Ndff with lowering the percent of mineral fertilizer in combined 
treatments. 
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Hay: 
The Sp treatments gave more Ndff than the AMF or Rh 

treatments .In terms of percentage of Ndff, highest values were 
given by the non-biofertilized.     
Seeds: 

Ndff, there was general trend of decrease with the decrease 
of mineral N portion of the applied N, also this lower percentage 
of Ndff in biofertilized treatments.     

Nitrogen derived from air: 
In conclusion, Rh inoculum surpassed AMF and Sp   when 

Ndfa was considered. Generally, the contribution of N derived 
from air as affected by N-fertilization was fluctuated in relation 
to plant growth stages and organs.  

Nitrogen derived from compost: 
In conclusion, comparison between plant growth stages 

indicates the superiority of hay stage over the flowering, 
vegetative.  

Nitrogen use efficiency NUE%: 
Generally, NUE of flowering and hay stages was 

significantly higher than those recorded with other growth 
stages. Concerning the inoculums type, data indicate that AMF 
and Sp surpassed those of Rh . 

Fertilizer Nitrogen remaining in soil after pea harvest 
(FNR %): 

In conclusion, the overall means of inoculation proved that 
microbial inoculation generally reduced the percentages of 
fertilizer N which remained in soil after pea harvest. The lowest 
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fertilizer N percent which remained in soil was detected with 
100% MF with or without microbial inoculation. Addition of 
organic residues in combination with mineral fertilizer induced 
an increase of fertilizer N which remained in soil after harvest. 

Cucumber Experiment: 
Fresh weight: 

The overall means of fertilization treatments indicated that 
the combination of 50%MF + 50%OC was superior over all 
other treatments. It means that half of the recommended dose of 
mineral fertilizer is enough to meet the requirement of cucumber 
crop when supplemented with organic compost. This 
combination may have an environmental impact since it would 
reduce the risks of of chemical fertilizers. 

Nitrogen derived from fertilizer: 
In conclusion, nitrogen derived from mineral fertilizer by 

at different plant growth stages was significantly affected by the 
rate of addition.  The highest Ndff were recorded with 50% MF 
+50% OC enhanced with microbial inoculation. AM was 
superior to the others. This holds true with all the plant growth 
stages. At the same time, the increase of Ndff uptake by plants 
was more and s pronounced at the fruit stage as compared to 
other growth stages.   

Nitrogen derived from air 
In conclusion, the highest values of Ndfa was by Rhizobium 

at hay stage followed by fruit. Similar trend, but to different 
extents was noticed with AMF and Azospirillum inoculums. 
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Nitrogen derived from compost: 
In conclusion, Most of Ndfc was occurred by addition of 

50% MF + 50% OC. Rhizobium and AMF were more effective 
than Azospirillum. High quantities of Ndfc were recognized at 
hay stage as compared to other growth stages.  

Nitrogen derived from soil: 
In conclusion, application of 50% MF+50%OC was more 

effective for Ndfs by cucumber plant. Higher Ndfs was recorded 
at hay growth stage as compared with  other growth stages. AM 
fungi and Rhizobium inoculums were more effective than the 
other. 

Nitrogen use efficiency NUE%: 
In conclusion, 50% MF + 50% OC has an effective role on 

enhancement of NUE. Therefore as well as microbial inoculums 
enhanced the efficient use of mineral N by the different 
cucumber plant parts. 



 
 

 
 

141

6. REFERENCES 
Abd El-Hadi, A.H. (2004). Country report on Egyptian 

agriculture. In: Proceeding of the IPI workshop on 
potassium and fertigation development in West Asia and 
North   Africa Region. Rabat, Morocco, 24-28 November. 

Abd El-Fattah, H.I. and H.M. Arisha (2000). Effect of 
Rhizobium inoculation and vitamim B12 on growth,yield 
and quality of common bean under sandy soil condition. 
Zagazig J. Agric. Res. 27(4): 59-76.  

Abd El-Mouty, M.M.; A.H. Ali and Fatma A. Rizk (2001). 
Potato yield as affected by the interaction between bio and 
organic fertilizers. Egypt. J. Appli., Sci., 16 (6): 267-286. 

Abdalla, M.H. and S.A. Omer (2001). Survival of 
Rhizobia/Bradirhizobia and a rock phosphate solubilizing 
fungus Aspergillus nigeron various carriers from some 
agroindustrial wastes and their effect on nodulation and 
growth of fababean and soybean J. Plant Nutri.24:261–272. 

Abdallah, A.M.; S.M. Adan and A.F. Abou-Hadid (2004). 
Response of some tomato hybrids to organic fertilizer 
under newly reclaimed soil condition. Egypt. J. Hort. 
28(3): 341-353. 

Abdel Rahman, M.M. (2000). Effect of bio and mineral 
phosphate fertilization on growth and productivity of 
cantaloupe. J. Agric. Sci. Mansoura Univ. 25 (3): 1753-
1765. 

Abdel-Magid, H.M.; R.E.A. Sabrah; A.H. El-Nadi; Sh.I. 
Abdel-Aal and R.K. Rabie (1993). Kinetic 

 



 
 

 
 

142

biodegradation of chicken manure and municipal refuse in 
sandy soil. Journal of Arid Environments 28, 163. 
Extraction of available micronutrients from calcareous 
soils amended with organic materials. Egypt. J. Soil Sci., 
25: 183-190. 

Abo-Hussein, S.D. (1995). Studies on potato fertigation in 
newly reclaimed lands M. Sc. Thesis, Fac. Agric. Ain 
Shams Univ., Cairo, Egypt.  93 p. 

Abou-Hadid, A.F. (2001). The current status if organic 
horticulture production and marketing in Egypt. 
International Symposium on Organic Agriculture, Agadir, 
Morocco, pp 73-86. 

Abou-Hussein, S.D.; I. El-Oksh; T. El-Shorbagy and U.A. 
El-Bahiry (2002a). Effect of chicken manure, compost 
and biofertilizers on vegetative growth, tuber 
characteristics and yield of potato crop. Egypt. J. Hort. 29 
(1): 135-149. 

Abou-Hussein, S.D.; U.A. El-Bahiry; I. El-Oksh and M.A. 
Kalafallah (2002b). Effect of compost, biofertilizer and 
chicken manure on nutrientscontent and tuber quality of 
potato crops. Egypt. J. Hort. 29. (1): 117-133. 

Adu-Gyamfi, J.J.; F.A. Myaka; W.D. Sakala; R. Odgaard; 
J.M. Vesterager and H. Hogh-Jensen (2007). Biological 
nitrogen fixation and nitrogen and phosphorus budgets in 
farmer-managed intercrops of maize pigeonpea in semi-
arid southern and eastern Africa. Plant Soil 295: 127-136. 

Ahmad, F.; I. Ahmad; F. Aqil; W.A. Ahmed and Y.S. 
Sousche (2006). Plant growth promoting potential of free-



 
 

 
 

143

living diazotrophs and other rhizobacteria isolated from 
Northern Indian soil. Biotechnol  J. 1: 1112-1123. 

Alagawadi, A.R. and A.C. Gaur (1992). Inoculation of 
Azospirillum brasilense and phosphate-solubilizing 
bacteria on yield of sorghum (Sorghum bicolor L. Moench) 
in dry land. Trop. Agric. 69: 347-350. 

Albrecht, C.; R. Geurts and T. Bisseling (1999). Legume 
nodulation and mycorrhizae formation; two extremes in 
host specificity meet. EMBO J. 18: 281-288.  

Ames, R.N.; C.P.P. Reid; K.L. Porter and C. Cambardella 
(1983). Hyphal uptake and transport of nitrogen from two 
N-labelled sources by Glomus mosseae, a vesicular-
arbuscular mycorrhizal fungus. New Phytol 95: 381–396. 

Andrade, G.; K.L. Mihara, R.G. Linderman and G.J. 
Bethlenfalvay (1997). Bacteria from rhizosphere and 
hyphosphere soils of different arbuscular-mycorrhizal 
fungi. Plant Soil 192: 71-79. 

Aneja, M.; S. Sharma; F. Fleischmann; S. Stich; W. Heller; 
G. Bahnweg; J. Munch and M. Schloter (2006). 
Microbial colonization of beech and spruce litter-influence 
of decomposition site and plant litter species on the 
diversity of microbial community. Microb, Ecol 52: 127-
135. 

Asagi, N. and H. Ueno (2009). Nitrogen dynamics in paddy soil 
applied withvarious 15N-labelled green manures. Plant 
Soil 322: 251–262.   

Ashraf, M.; T. Mahmood; F. Azam and R.M. Qureshi 
(2004). Comparative effects of applying  leguminous   and  



 
 

 
 

144

non leguminous  green  manures and  inorganic  N  on  
biomass yield and nitrogen uptake in flooded rice (Oryza 
sativa L.) Biol  Fertil  Soils  40: 147– 152. 

Atul-Nayyar, A; C. Hamel; K. Hanson and J. Germida 
(2009). The arbuscular mycorrhizal symbiosis links N 
mineralization to plant demand. Mycorrhiza 19: 239-246. 

Awad, A.M.; E.A.A. Tartoura; H.M. El-Fouly and A.I. El-
Fattah (2002). Response of potato growth,yield and 
quality to   farmyed manure,  sulphure and gypsum levels 
application. 2nd Inter. Conf. Hort. Sci. 10-12 Sept., kafr 
El-Sheikh, Tanta.Univ., Egypt. 24-39. 

Awad, M.S.; A.A.M. Mohamedin and A.R. Ahmed (2010). 
Effect of organic and inorganic fertilizers applied solely or 
in combination on maize succeeded by pea grown on sandy 
soil. J. Biolog. Chem. & Environ. Sci. 5: 201-216. 

Azam, F. (1990). Comparative effects of organic and inorganic 
nitrogen sources applied to a flooded soil on rice yield and 
availability of N. Plant Soil 125: 255-262.  

Azcón, R.; J.M. Ruiz-Lozano and R. Rodríguez (2001). 
Differential contribution of arbuscular mycorrhizal fungi to 
plant nitrate uptake (15N) under increasing N supply to the 
soil. Can J. Bot 79: 1175-1180. 

Azcón, R.; R. Rodríguez; E. Amora-Lazcano and E. 
Ambrosano (2008). Uptake and metabolism of nitrate in 
mycorrhizal plants as affected by water availability and N 
concentration in soil. Eur., J. Soil Sci., 59: 131-138. 

Azcon-Aguilar, C. and J.M. Barea (1996). Arbuscular-
mycorrhizas and biological control of soil-borne plant 



 
 

 
 

145

pathogens-an overview of the mechanisms involved, 
Mycorrhiza, 6: 457-464 

Baggs, E.M.; M. Stevenson; M.  Pihlatie; A.  Regar; H. Cook 
and G.  (2003).   Nitrous   oxide   emissions   following 
application of residues and fertiliser under zero and 
conventional tillage.  Plant Soil 254: 361–370.  

Bardgett, R.D.; T.C. Steeter and R. Bol (2003). Soil  
microorganisms compete effectively with plants for 
organic-nitrogen inputs  to  temperate grasslands. Ecology 
84: 1277-1387.   

Barea, J.M. (1997).  Mycorrhiza/bacteria interaction on plant 
growth promotion.  In: Ogoshi A., Kobayashi L., Homina, 
y.m Kocland E., N., Akino S. (eds) Plant growth-
promoting Rhizobacteria Presentation Status and Future 
Prospects. OECD, Paris, pp. 150-158. 

Barea, J.M. (2000).  Rhizosphere and mycorhyza of field crops. 
Fourth J.P. Barazs E., Galante E., Lynch J.M., Schepers 
J.S. Warner D. Werner P.A. (eds) Biological Resource 
Management: Connection Science and Police. (DECD) 
INRA Editions and Speringer, Berlin Heidelbera, New 
York, pp. 116-125. 

Barea, J.M.; M.J. Pozo; R. Azcon and C. Azcon-Aguilar 
(2005). Microbial co- operation in the Rhizosphere. J. Exp 
Bot 56: 1761-1778. 

Barea, J.M.; R. Azcon and C. Azcon-Aguilar (2002). 
Mycorrhizosphere interactions to improve plant fitness and 
soil quality. Antonie Van Leeuwenhoek 81:343–351. 



 
 

 
 

146

Barea, J.M. and C. Azcon-Aguilar (1983). Mycorrhizas and 
their significance in nodulating nitrogen-fixing plants. 
Adv. Agron. 36: 1-54. 

Bashan, Y. and G. Holguin (1997). Azospirillum plant 
relationships: environmental and physiological advances 
(1990-1996). Can. J.  Microbiol, 43: 103-121. 

Bashan, Y. and L.E.  de-Bashan (2010). How the plant 
growth-promoting bacterium Azospirillum promotes plant 
growth-A critical assessment. Advances in Agronomy, 
Volume 108: 77-136. 

Bashan, Y.; G. Holguin and L.E. de-Bashan (2004). 
Azospirillum plant relationships, physiological, molecular, 
agricultural, and  environmental advances   (1997–2003).   
Can,  J.  Microbiol,  50: 521–577.  

Bateman, A.S.; S.D. Kelly and T.D.  Jickells  (2005). Nitrogen 
isotope relationships between crops and fertilizer: 
implications for using nitrogen isotope analysis as an 
indicator - of agri cultural regime. J Agric Food Chem 53: 
5760-5765.   

Belimov, A.A.; P.A. Kojemiakov and C.V. Chuvarliyeva, 
(1995). Interaction between barley and mixed cultures of 
nitrogen fixing and phosphate-solubilizing bacteria. Plant 
Soil 17: 29-37. 

Bergstrom, L. and H.Z. Kirchmann (2004). Leaching and 
crop uptake of nitrogen from nitrogen-15-labeled green 
manures and ammonium nitrate. J. Environ Qual., 33: 
1786-1792. 



 
 

 
 

147

Berntsen, J.; B.M. Petersen; P. Sørensen and J.E. Olesen. 
(2007). Simulating residual effects of animal manures 
using 15N isotopes. Plant Soil 290: 173-187.  

Bhalu, V.B.; S.G. Sadaria; B.B. Kaneria and V.D. Khanpara 
(1995). Effect of nitrogen, phosphorous and Rhizobium 
inoculation on yield and quality, N and P uptake and 
economics of black gram (Phaseolus mungo).Indian J. 
Agron. 40 (2): 316-318. 

Bissuel-Bélaygue, C.; N. Kkal-Corfini, S. Menasseri and  P.  
Leterme (2004). Effect of N fertilization of cauliflower 
crop  on  and  N mineralization from crop residues (field 
and laboratory incubation experiments). Italus Hortus 11: 
12 Special issue in ISHS Symposium Towards.   

Blackmer, A.M and C.J, Green (1995). Residue 
decomposition effects on nitrogen available to corn 
following corn or soybean. Soil, Sci., Soc., Am., J. 59: 
1065-1070. 

Bomke, A.A. and L.E. Lowe (1991). Trace element uptake by 
two British Columbia forages as affected by poultry 
manure application. Can, J. Soil, Sci., 71: 305-312.   

Bottini, R.; F. Cassa and P. Piccoli (2004). Gibberellin 
production by bacteria and its involvement in plant growth 
promotion and yield increase. Appl. Microbiol, Biotechnol, 
65: 497-503. 

Brady, N. and R.R. Weil (2002).  The nature and properties of 
Soils, Biol, Fertil, Soils, 40: 147– 152.     



 
 

 
 

148

Breen,A. and F.L. Singleton (1999). Fungi in lignocellulose 
breakdown and biopulping. Curr., Opin., Biotechno l :10, 
252-258. 

Bremner, J.M. and C.S. Mulvaney (1982). Total-N p. 595-
624. In: Page, A.L.; Miller, R.H. and Kenney, D.R. (1982): 
Methods of soil analysis, part 2. Chemical and 
microbiological properties. (eds) Soil Sci. Am., Madison. 

Breuer L.; R. Kiese and K. Butterbach-Bahl (2002). 
Temperature and moisture effects on nitrification rates in 
tropical rain-forest soils. Soil, Sci., Soc., Am., J. 66: 834-
844. 

Brkić, S.; Z. Milaković; A. Kristek; and M. Antunović 
(2004). Pea yield and its quality depending on inoculation, 
nitrogen and molybdenum fertilization. Plant Soil 
Environ., 50 (1): 39-45. 

Brockwell, J.; P.J. Bottomley and J.E. Thies (1995). 
Manipulation microflora for improving legume 
productivity and soil fertility: a critical assessment. Plant 
and Soil, 174: 143-180. 

Buchanan, M. (1993). Study examines efficient use of compost. 
Cultivar-Santa Cruz. 11(1): 9-10. 

Bulluck, L.R.; M. Brosius; G.K. Evanylo and J.B. Ristaino 
(2002). Organic and synthetic fertility amendments 
influence soil microbial, physical and chemical properties 
on organic and conventional farms. Appl. Soil, Ecol, 19: 
147-160. 

Burgess, M.S.; G.R. Mehuys and C.A. Madramootoo (2002). 
Nitrogen dynamics of decomposing corn residue 



 
 

 
 

149

components under three tillage systems. Soil, Sci., Soc.,  
Am., J. 66: 1350-1358. 

Carnol, M. and P. Ineson (1999). Environmental  factors  
controlling N3O leaching, N2O emissions and  numbers  of  
NH+4 oxidisers in a coniferous forest soil. Soil, Biol.,  
Biochem, 31: 979-990. 

Carranca, C.; A. Varennes and D. Rolston (1999). Biological 
nitrogen fixation byfababean, pea and chickpea, under field 
conditions, estimated by the15 N isotope dilution 
technique. Eur. J. Agron.10: 49-56. 

Cartmill, A.D.; A. Alarcón and L.A. Valdez-Aguilar (2007). 
Arbuscular mycorrhizal fungi enhance tolerance of Rosa 
multiflora cv. Burr to bicarbonate in irrigation water. J 
Plant Nutr 30: 1517–1540. 

Cartmill, A.D.; L.A. Valdez-Aguilar and D.L. Bryan and A. 
Alarcón (2008). Arbuscular mycorrhizal fungi enhance 
tolerance of vinca to high alkalinity in irrigation water. Sci 
Hortic 115: 275-284. 

Chalk, P.M.; F. Souza; S. Urquiaga; B.J.R. Alves and R.M. 
Boddey (2006). The role of arbuscular mycorrhiza in 
legume symbiotic performance. Soil Biology and 
Biochemistry 38: 2944-2955. 

Chaves, B.; S. De Neve; P. Boeckx; C. Berko; O. Van 
Cleemput and G.  Hofman (2006). Manipulation  the  N  
release  from  15N labelled celery residues by using straw 
and   vinasses. Soil Biol   Biochem  38: 2244-2254.        



 
 

 
 

150

Chen, X.Y. and J. Mulder (2007).  Indicators for nitrogen 
status and leaching in subtropical forest ecosystems, South 
China Biogeochemistry 82: 165–180.   

Chen, M.M.; H.B. Yin; P. O’Connor; Y.S. Wang and Y.G. 
Zhu (2010). C: N: P stoichiometry and specific growth rate 
of clover colonized by arbuscular mycorrhizal fungi. Plant 
Soil 326: 21–29. 

Cheng, X.M. and C.S. Bledsoe (2004). Competition for 
inorganic and organic N by blue oak (Quercus douglasii) 
seedlings, an annual grass and soil microorganisms in a pot 
study. Soil Biol., Biochem, 36:135- 144.     

Choi, W.J.; S.A. Jin; S.M. Lee; H.M. Ro and S.H. Yoo 
(2001).  Corn uptake and  microbial immobilization of 15N-
labeled urea N in soil as affected by composted pig 
manure. Plant Soil   235: 1-9. 

Choi, W.J.; M.A. Arshad; S.X. Chang and T.H. Kim (2006). 
Grain 15N of crops applied with organic and chemical 
fertilizers  in  a four-year rotation. Plant Soil 284:165–174.  

Christ, M.J.; W.T. Peterjohn; J.R. Cumming and M.B. 
Adams (2002). Nitrification potentials and landscape, soil 
and vegetation characteristics in two Central Appalachian 
watershedsdiffering in NO-3 export. Forest Ecol Manage 
159: 145–158. 

Clark, R.B. and S.K. Zeto (2000). Mineral acquisition by 
arbuscularmycorrhizal plants. J. Plant Nutr 23: 867-902. 

Codex Committee on Food Labelling (2001). Guidelines for 
the production, processing, marketing and labeling of 
organically produced foods. Rome, pp 38-42.   



 
 

 
 

151

Colla, G.; Y. Rouphael; M. Cardarelli; M. Tullio; C.M. 
Rivera and E. Rea (2008). Alleviation of salt stress by 
arbuscular mycorrhizal in zucchini plants grown at low and 
high phosphorus concentration. Biol Fertil Soils 44: 501–
509.     

Cooper, J.M. and P.R. Warman (1997). Effects of three 
fertility amendments on soil dehydrogenase activity, 
organic C and pH. Can. J. Soil Sci., 77 (2): 281-283. 

Creus, C.M.; M. Graziano; E.M. Casanovas; M.A. Pereyra; 
M.Simontacchi; S.P. untarulo; C.A. Barassi and L. 
Lamattina (2005). Nitric oxide is involved in the 
Azospirillum brasilense induced lateral root formation in 
tomato. Planta 221: 297- 303. 

Daei, G; M. Ardakani; F. Rejali; S. Teimuri and 
M.Miransari (2009). Alleviation of salinity stress on 
wheat yield, yield components, and nutrient uptake using 
arbuscular mycorrhizal fungi under field conditions. J. 
Plant Physiol 166: 617-625. 

Daiss, N.; M.G. Lobo; A.R. Socorro; U. Bruckner; J. Heller 
and M. Gonzalez (2008). The effect of three organic pre-
harvest treatments on Swiss chard (Beta vulgaris L. var. 
cycla L.) quality. Eur Food Res Technol 226: 345–353.  

Daly, M.J. and D.P.C. Stewart (1999). Influence of ‘‘effective 
microorganisms’’ (EM) on vegetative production and 
carbon mineralization a preliminary investigation. J. 
Sustain Agric. 14: 15-25.    



 
 

 
 

152

Dick, J.; U. Skiba and J. Wilson (2001). The effect of rainfall 
on NO and N2O emissions from Uganda agroforest soils. 
Phyton Ann., Rei., Bot., 41: 73–80.   

Diekmann, K.H.; S.K.  De. Datta  and J.C.G.  Ottow (1993).  
Nitrogen uptake and recovery from ures and green manure 
in lowland rice measured by 15N andnon-isotope 
techniques.  Plant Soil 148: 91-99.  

Dijkstra, B.; A. Feike and X. Cheng Weixin (2008). Divergent    
effects of elevated CO2, N fertilization, and plant  diversity 
on soil C. and N dynamics in a grassland field  experiment.  
Plant, Soil, 272: 41-52. 

Dobbelaere, S.; A. Croonenborghs; A. Thys; A. Vande Broek 
and J.V. anderleyden (1999). Phytostimulatory effect of 
Azospirillum brasilense wild type and mutant strains 
altered in IAA production on wheat. Plant Soil 212: 155- 
164. 

Dobbelaere, S.; J. Vanderleyden and Y. Okon (2003). Plant 
growth-promoting effects of diazotrophs in the 
rhizosphere. Crit.,  Rev.,  Plant Sci., 22: 107-149. 

Dodd, J.C. (2000). The role of arbuscular mycorrhizal fungi in 
agro-and natural ecossystems. Outlook on Agriculture 29 
(1): 55-62. 

Egamberdiyeva, D. (2007). The effect of plant growth 
promoting bacteria on growth and nutrient uptake of maize 
in two different soils. Appl. Soil Ecol. 36: 184-189. 

Egamberdiyeva, D. and G. Höflich (2004). Effect of plant 
growth-promoting bacteria on growth and nutrient uptake 



 
 

 
 

153

of cotton and pea in a semi-arid region of Uzbekistan. J. 
Arid Environ. 56: 293-301.   

El-Agrodi, M.W.; H.A. El-Fadaly; H.A. Shams El-Din and 
A.M. ElShehawy (2003). Effect of phosphorus 
fertilization and grains inoculation with phosphate 
dissolving bacteria on microbiology of rhizosphere, wheat 
yield and yield components. J. Agric. Sci. Mansoura Univ. 
28 (8): 6353-6369. 

EL-Desuki, M. Magda; M. Hafez; Asmaa R. Mahmoud; 
Faten S. Abd El-Alla (2010). Effect of organic and bio 
fertilizers on the plant growth, green pod yield  quality of 
pea. International Journal of Academic Research. 2 (1): 87-
92. 

EL-Etr, W.T.; L.K.M Ali and E.L. El-Khatib (2004). 
Comparative effects of bio-compost and compost on 
growth, yield and nutrients content of pea and wheat plants 
grown on sandy soils. Egyptian Journal of Agricultural 
Research, 82(2) special issue: 73-94. 

El-Khatib, H.A. (2003). Yield response of peas to nitrogrn and 
bio-organic fertilization: A mathematical model. J. Adv. 
Agric. Res. 8(4): 767-783. 

El-Kholi, M.M.A; A.N. Ibrahim and M.H. Ali (2004). 
Influence of bio and  nitrogen fertilizer on Sugar beet 
growth, Yield and sugar quality. Proceeding Second 
International Conference of Organic Agriculture. 15-17 
May 2004 Cairo, Egypt, 34: 107-120. 

Erik, S.J. (1986). Symbiotic nitrogen fixation and nitrate uptake 
by the pea crop. Ph.D.) at the Faculty of  Agricultural  



 
 

 
 

154

Science, The Royal Veterinary and Agri cultural 
University, Copenhagen.  August 1986. 

Everaarts, A.P. (2000). Nitrogen balance during growth of 
cauliflower.  Sci., Hortic-Amsterdam 83:173-186.    

Everaarts, A.P.; C.P. Moel  and M. Van  Noordwijk (1996). 
The effect of nitrogen and the method of application on 
nitrogen uptake of cauliflower and on nitrogen in crop 
residues and soil at harvest. Neth J. Agric Sci., 44: 43–55.  

Rizk A. Fatma; H.M.H. Foly and M.R. Shafeek (2003). The 
productivity of potato yield and its quality as influenced by 
the application of different nitrogen fertilizer sources. J. 
Agric. of Mansoura Univ. 28 (2): 1281-1290. 

Rizk A. Fatma; H.M.H. Foly and Safia M. Adam (2002). 
Response of onion plant (Allium cepa, L.) to organic and 
inorganic nitrogen fertilizers. Minia J. of Agric., Res., 
Develop. 22 (1): 129-149. 

Fenn, L.B. and L.R. Hossner (1985). Ammonia volatilization  
from ammonium or ammonium forming nitrogen  
fertilizers Adv Soil Sci., 1: 123-169 .   

Foly, H.M.H. (2004). The productivity of potato plants as 
affected by differentorganic and inorganic fertilizers. 
Minia J. of Agric., Res. and Develop.  24 (2): 157-176. 

Franke, A.C.; G. Laberge; B.D. Oyewole and S. Schulz 
(2008). A comparison between legume technologies and 
fallow and their effects on maize and soil traits, in two 
distinct environments of the West African savannah.   Nutr 
Cycl Agroecosyst 82:117-135.  



 
 

 
 

155

Frey, B. and H. Schüepp (1992). Transfer of symbiotically 
fixed nitrogen from berseem (Trifolium alexandrium L.) to 
maize via vesicular-arbuscular mycorrhizal hyphae. New 
Phytol 122: 447-454. 

Gaind, S.; M.S. Rathi; B.D. Kaushik; L. Nain and O.P. 
Verma (2007). Survival of bio-inoculants on fungicides-
treated seeds of wheat, pea and chickpea and subsequent 
effect on chickpea yield. J Environ Sci Health part B 42: 
663-668. 

Galal, Y.G.M. (2003). Assessment of nitrogen availability to 
wheat (Triticumaestivum L.) from inorganic and organic N 
sources as affected by Azospirillum brasilense and 
Rhizobium leguminosarum inoculation. Egyptian J. 
Microbiol. 38: 57-73. 

Garcia-Ruiz, R. and E.M. Baggs (2007). N 2 O emission from 
soil followingcombined application of fertiliser-N and 
ground weed residues. Plant Soil 299: 263-274. 

Garten, C.T. and H. Van Miegroet (1994). Relationships 
between soil nitrogen dynamics and natural N-15 
abundance in plant foliage from Great Smoky Mountains 
National-Park. Can J For., Res., 24:1636– 1645. 

Garza H.M.Q.; J.A. Delgado; J.A.C. Wong and W.C.  
Lindemann (2009). 15N uptake fom manure and fertilizer 
sources by three consecutive crops under controlled 
conditions. R. Bras. Ci. Solo, 33: 1249-1258.  

Geneva, M.; G. Zehirov; E. Djonova; N. Kaloyanova; G. 
Georgiev and I. Stancheva (2006). The effect of 
inoculation of pea plants with mycorrhizal fungi and 



 
 

 
 

156

Rhizobium on nitrogen and phosphorus assimilation. Plant 
Soil Environ. 52: 435-440. 

Gent, M.P.N.; W.H. Elmer; K.A. Stroner; F.J. Ferrandio 
and J.A. Land Mondia (1998). Growth, yield and 
nutrition of potato in fumigated or non- fumigated soil 
amended with spent mushroom compost and straw mulch. 
Compost Science and Utilization 6: 45-56. 

Gerdemann, J.W. and T.H. Nicolson (1963). Spores of 
mycorrhizal Endogone species extracted from soil by wet-
sieving and decanting. Trans Br Mycol Soc 46: 235-244. 

Glendining, M.J.; P.R. Poulton; D. Powlson; A.J. Macdonald 
and D.S. Jenkinson (2001). Availability of the residual 
nitrogen from a single application of 15N-labelled fertilizer 
to subsequent crops in a long-term continuous barley   
experiment. Plant Soil 233: 231-239.   

Glick, B.R. (1995). The enhancement of plant growth by free-
living bacteria. Can. J. Microbiol. 41: 109-117. 

Glick, B.R.; B. Todorovic; J. Czarny; Z. Cheng; J. Duan and 
B. McConkey (2007). Promotion of plant growth by 
bacterial ACC deaminase. Crit. Rev. Plant, 26: 227–242.  

Gül, A.; F. Kıdolu; and D. Anaç (2007). Effect of nutrient 
sources on cucumber production in different substrates. 
Scientia Horticulturae 113: 216–220. 

Gül, A.; F. Öztan; D. Eroul; B. Yamur and A.R. Ongun 
(2003). The use of organic manure for iceberg lettuce 
plants grown in substrates. Acta. Hort.  608: 53-57. 

Hadas, A.; L. Kautsky; M. Goek and E.E. Kara (2004). Rates 
of decomposition of plant residues and available nitrogen 



 
 

 
 

157

in soil, related to residue composition through simulation 
of carbon and nitrogen turnover. Soil Biol Biochem 36: 
255-266. 

Hadas, R. and Y. Okon (1987). Effect of Azospirillum 
brasilense inoculation on root  morphology and respiration 
in tomato seedlings. Biol. Fertil. Soils 5: 241- 247. 

Hafez, Magda and Mahmoud, R. Asmaa (2004). Response of 
snap bean (Phaseolus vulgaris L.) to nitrogen fertilizer 
source. Annals of Agric. Sci., Mashtohor, 42(1): 261-270. 

Halbleib, C.M. and P.W. Ludden (2000). Regulation of 
biological nitrogen fixation. J Nutr 130: 1081-1084 

Hamilton, S.D.; P.M. Chalk; C.J. Smith and P. Hopmans 
(1991). Effect of N fertilizer rate on the estimation of n, 
fixation by isotope dilution. Soil Biol. Biochem., 23: 1105-
1110. 

Hamissa, A.M.; F.M. Hammouda and R.E. knany (2000). 
Response of modulated faba bean crop to phosphate 
solubilizing bacteria under phosohorus fertilization and 
copper foliar application. J. Agric. Cci., Mansoura Univ., 
25(5): 2995-3007  

Han, K.H.; W.J. Choi; G.H. Han; S.I. Yun; S.H. Yoo and 
H.M. Ro (2004). Urea- nitrogen transformation and 
compost-nitrogen mineralization in three different soils as  
affected by the interaction between both nitrogen inputs. 
Biol Fertil Soils 39: 193-199.  

Hansen, B.; E.S. Kristensen; R. Grant; H. Hogh-Jensen; S.E. 
Simmelsgaard and J.E. Olesen (2000). Nitrogen leaching 



 
 

 
 

158

from conventional versus organic farming systems a 
systems modeling Approach.  Eur.,  J.  Agron., 13:65-82.    

Harish, S.; M. Kavino; N. Kumar and R. Samiyappan 
(2009b). Differential expression of pathogenesis-related 
proteins and defense enzymes in banana: interaction 
between endophytic bacteria banana bunchy top virus and 
Pentalonia nigronervosa. Biocontr. Sci., Technol. 19: 843-
857.   

Harish, S.; M. Kavino; N. Kumar; P. Balasubramanian and 
R. Samiyappan (2009a). Induction of defense-related 
proteins by mixtures of plant growth promoting endophytic 
bacteria against Banana bunchy top Virus. Biol. Control 
51: 16-25. 

Harris, G.H.; O.B. Hesterman; E.A. Paul; S.E.  Peters  and 
R.R. Janke (1994). Fate of Legume and fertilizer nitrogen-
15 in along-term cropping systems experiment. Agron. J. 
86: 910-915.  

Hauggaard-Nielsen, H.; L. Holdensen; D. Wulfsohn and E. 
S. Jensen (2009). Spatial variation of N -fixation in field 
pea (Pisum sativum L at the field scale determined by the 
15N natural abundance method. Plant Soil 327: 167-184. 

Hayat, R.; S. Safdar Ali; U. Amara; R. Khalid and I. Ahmed 
(2010). Soil beneficial bacteria and their role in plant 
growth promotion: a review. Ann Microbiol 60: 579-598.    

He, F; Q. Chen; R. Jiang; X. Chen and F.S. Zhang (2007). 
Yield and nitrogen balance of greenhouse tomato 
(Lycopersicum esculentum Mill.) with conventional and 



 
 

 
 

159

site-specific nitrogen managenment in Northern China. 
Nutr Cycl Agroecosyst 77: 1-14.  

He, X. and K. Nara (2007). Element biofortification: can 
mycorrhizas potentially offer a more effective and 
sustainable pathway to curb human malnutrition? Trends 
Plant Sci., 12: 331-333.   

Hegazy, M.N.; A.A. Zhadra; A.M. Barakat and A.O. Abd El-
Nabi (1994). Gronomic evaluation of some new slow 
release fertilzers. Egypt J. Appl. Sci. 9 (4): 259-273. 

Henry, H.A.L. and R.L. Jefferies (2003). Interactions  in the 
uptake  of  amino acids, ammonium and nitrate ions in the 
Arctic saltmarsh grass, Puccinellia phryganodes. Plant Cell 
Environ 26: 419-428.  

Hewedy, A.M.; M.A. Ahmed and H.E. Asfour (2003). Effect 
of biofertilizer incombination with different rates from N-P 
mineral fertilizers on the growth and green pods and dry 
seed yield of common bean. Minufiya J. Agric.Res. 5(2): 
1651-1665. 

Hobbie. E.A.; J.V. Colpaert; M.W.; Marguerite W. White; 
A.P. Ouimette and S.A. Macko (2008). Nitrogen form, 
availability, and mycorrhizal colonization affect iomass 
and nitrogen isotope patterns in Pinus sylvestris. Plant Soil   
310: 121-136. 

Hobbie, E.A.; S.A. Macko and M.T. Williams (2000).  
Correlations between foliar 15N and nitrogen 
concentrations may indicate plant-mycorrhizal interactions.   
Oecologia 122: 273-283.  



 
 

 
 

160

Hodge, A. (2003a). N capture by Plantago lanceolata and 
Brassica napus from organic material: the influence of 
spatial dispersion, plant competition and an arbuscular 
mycorrhizal Fungus. J. Exp. Bot. 57: 401-411. 

Hodge, A. (2003b). Plant nitrogen capture from organic matter 
as affected by spatial dispersion, interspecific competition 
and mycorrhizal colonization. New Phytol 157: 303-314. 

Hodge, A.; C.D. Campbell and A.H. Fitter (2001). An 
arbuscular mycorrhizal fungus accelerates decomposition 
and acquires nitrogen directly from organic material. 
Nature, 413. 

Holguin, G. and B.R. Glick (2003). Transformation of 
Azospirillum brasilense Cd with an ACC deaminase gene 
from Enterobacter cloacae UW4 fused to the Tetr gene 
promoter improves its fitness and plant growth promoting 
ability.  Microb Ecol, 46: 122-133.    

Hood, R.C.; R. Merckx; E.S. Jensen; D. Powlson; M. 
Matijevic and G. Hardarson (2000). Stimating crop N 
uptake from organic residues using a new approach to the 
15 N isotope dilution technique. Plant Soil 223: 33-44.  

Hoosbeek, M.; Y. Li and G. Scarascia-Mugnozza (2006). Free 
atmospheric CO2 enrichment (FACE) increased labile and 
total carbon in the mineral soil of a short rotation poplar 
plantation. Plant Soil 281: 247-254. 

Hsieh-Ching, F.; C.F. Hsu-Kuol Hsieh and K.N. Hsu (1996). 
An experiment on the organic farming of broccoli. Bulletin 
of Taichung District, Agricultural. Improvement Station. 
53: 35-40. 



 
 

 
 

161

Hungate, B.A. (1999). Ecosystems responses to rising 
atmospheric CO2: feedbacks through the Nitrogen cycle. 
In: Luo Y., Mooney HA (eds) Carbon dioxide and 
environmental stress. Academic, San Diego, USA pp. 265-
285.   

Hungate, B.A.; C.P. Lund; H.L. Pearson and F.S. Chapin   
(1997).  Elevated CO2 and nutrient addition alter soil N  
cycling and N trace gas fluxes with  early season wet-up  in  
a California annual grassland. Biogeochem 37: 89-109.   

IAEA, Vienna (2001). Use of isotope and radiation methods in 
soil and water management and crop nutrition. Manual. 
Training course series No. 14. IAEA, Vienna. 

International Fertilizer Industry Association (2006). 
Onlineproduction and international trade statistics covering 
nitrogen, phosphates, potash and sulphur products: 
production، exports, imports by region from 1999 to 2006. 
http://www.fertilizer.org/ifa/HomePage/STATISTICS/ 
Production and trade statistics. Cited 20 Sep 20 

Jackson, L.E. (2000). Fates and losses of Nitrogen from   
anitrogen 15 labeled cover crop in an intensively managed 
vegetable system. Soil Sci., Am. J. 64: 1404- 1412. 

Jackson, M.L. (1973). Soil chemical analysis. Prentice of India 
private limited, New Delihi. 

Jain, D.K. and D.G.  Patriquin (1985). Characterization of a 
substance produced by Azospirillum which causes 
branching of wheat root hairs. Can. J. Microbiol. 31: 206-
210. 



 
 

 
 

162

Jeffries, P.; S. Gianianazzi; S. Perotto; K. Turnau and J.M. 
Barea (2003). The contribution of arbuscular mycorrhizal 
fungi in sustainable maintenance of plant health and soil 
fertility. Biol Fertil Soils 37: 1-16. 

Jenkinson, D.S. (1990). The turn over of organic carbon and 
nitrogen in soil. Phil Trans. R.soc.For example ,when plant 
residues, labelled with 14C,were added to soil with neutral 
or alkaline pH and incubated for 66 this was mainly due to 
increased content of 14C in the microbial biomass. 

Jensen, E.S. and H.H. Nielsen (2003). How can increased use 
of biological N2 fixation in agriculture benefit the 
environment? Plant and Soil, 252: 177-186.  

Jeong, Y.K. and J.S. Kim (2001). A new method for 
conservation of nitrogen in aerobic composting  processes. 
Bioresource Technol., 79: 129-133. 

Jin, H.; P.E. PfeVer; D.D. Douds; E. Piotrowski; P.J. 
Lammers and Y. Shachar-Hill (2005). The uptake, 
metabolism, transport and transfer of nitrogen in an 
arbuscular mycorrhizal symbiosis. New Phytol 168: 687-
696. 

Johansen, A.; I. Jakobsen and E.S. Jensen (1993). Hyphal 
transport by a vesicular-arbuscular mycorrhizal fungus of 
N applied to the soil as ammonium or nitrate. Biol Fertil 
Soils 16: 66-70. 

Johansen, A.; I. Jakobsen, E.S. Jensen (1994). Hyphal N 
transport by a vesicular-arbuscular mycorrhizal fungus 
associated with cucumber grown at three nitrogen levels. 
Plant Soil 160: 1-9. 



 
 

 
 

163

Johanssen, A.; I. Jakobsen and E.S. Jessen (1993). External 
hyphae of vesicular-arbuscular mycorrhizal fungi 
associated with Trifolium subterraneum L. 3. Hyphal 
transport of 32P and 15N. New Phytol, 124: 61-68. 

Joseph, G. and H.A.L. Henery (2009). Retention of surface 
nitrate additions in a temperate old field: implications for 
atmospheric nitrogen deposition over winter and plant 
nitrogen availability. Plant Soil 319: 209-218.   

Ju, X.T.; C.L. Kou; F.S. Zhang and P. Christie (2006). 
Nitrogen balance and groundwater nitrate contamination: 
comparison among three intensive cropping systems on the 
North China Plain. Environ Pollut 143: 117-125. 

Jyoti-Sharma, K.; N.Namdeo; K. B. L. Shrivastava; A. K. 
Patel and O. P. Tiwar, (2006). Effect of fertility levels, 
growth regultors and biofertilizers on nutrient contents and 
uptake of field pea (Pisum sativum L.). Crop Research 
Hisar, 32 (2): 192-195. 

Kaddous, F.G.A. and A.S. Morgans (1986). Spent mushroom 
compost and deep litter fowl manure as a soil ameliorant 
for vegetables. Surface soil management, Proceedings New 
Zealand Society of Soil Science, Australian Society of Soil 
Science Inc., Joint Conference, November, 1986. Rotoraia, 
New Zealand 138-147. 

Kakezawa, M.; A. Mimura, and Y. Takahara (1992). 
Application of two step composting process to rice straw 
compost. Soil Sci. Plant Nutr. 38: 43-50.  

Kennedy, A.C. (1998).  The rhizosphere and spernosphere leni 
Funhrmann JJ,  Hartel PG, Zuberer DA (eds) Principles 



 
 

 
 

164

and Opplicaions Sylvia DM.,  microbiology, Prentice hall, 
New Jersey pp. 89-407.  

Kim, Y.J.; W.J. Choi; S.S. Lim; J.H. Kwak;  S.X. Chang; 
H.Y. Kim ; K.S.  Yoon and H.M. Ro (2008). Changes in  
nitrogen isotopic compositions during composting of cattle 
feedlot manure: Effects of bedding material   type.  
Bioresour Technol  99: 5452-5458. 

Kirchmann, H. and G. Thorvaldsson (2000). Challenging  
targets for future agriculture. Eur., J. Agron 12: 145-161. 

Kirchmann, H. and L. Bergstrom (2001).  Do. Organic 
farming practices reduce itrate leaching? Commun Soil  
Sci Plant Anal 32: 997-1028. 

Kohler, J.; F. Caravaca; L. Carrasco and A. Roldan (2006). 
Contribution of Pseudomonas mendocina and Glomus 
intraradices to aggregates stabilization and promotion of 
biological properties in rhizosphere soil of lettuce plants 
under field conditions. Soil Use Manage.22: 298-304. 

Kucey, R.M.N.; H.H. Janzen and M.E. Leggett (1989). 
Microbially mediated increases in plant-available 
phosphorus. Ad. Agron. 42: 199-228. 

Kumar, K. and K.M. Goh (2000). Crop   residues  and  
management practices: effects  on  soil  quality,  soil  
nitrogen  dynamicscrop yield, and nitrogen  recovery. Adv 
Agron 68: 197-319.  

Ladisch, M.R.; K.W. Lin; M. Voloch and G.T. Tsao (1983). 
Process considerations in the enzymatic hydrolysis of 
biomass. Enzyme Microb. Technol. 5: 82-102. 



 
 

 
 

165

Langmeier, M.; E. Frossard; M. Kreuzer; P. Mader; D. 
Dubois and A. Oberson (2002). Nitrogen fertilizer value 
of cattle manure applied on soils originating from organic 
and conventional farming systems. Agronomie 22: 789-
800.  

Larney, F.J. and A.F. Olson (2006). Windrow temperatures  
and chemical properties during active and passive   
aeration composting  of  beef cattle  feedlot  manure. Can  
J. Soil  Sci., 96: 783-797 . 

Lee, K.H. (1994). Effect of organic amendmentsand EM on the 
growth and yield of crops and on soil properties. In: Parr 
JF, Homick SB, Simpson ME (eds) Proceedings of the 2nd 
International Conference on Kyusei Nature Farming, 
USDA, Washington, DC, pp 142-147.  

Levanony, H. and Y. Bashan (1989). Enhancement of cell 
division in wheat root tips and growth of root elongation 
zone induced by Azospirillum brasilense Cd. Can. J. Bot. 
67: 2213-2216. 

Limon-Ortega, A.; B. Govaerts and K.D. Sayre (2009). Crop 
rotations, wheat straw management and chicken manure 
effects on soil quality. Agron J. 101: 600-606. 

Lipson, D. and T. Nasholm (2001). The unexpected    
versatility of plants: organic nitrogen use and  availability 
in terrestrial ecosystems. Oecologia 128: 305-316.   

Liu, A.; C. Hamel; A. Elmi; C. Costa; B. Ma and D.L. Smith 
(2002). Concentrations of K, Ca and Mg in maize 
colonised by arbuscular mycorrhizal fungi under field 
conditions. Can. J. Soil Sci. 82(3): 271-278. 



 
 

 
 

166

Manjula, G.; P.E. Pfeffer; J. Hairu; A. Jehad; D.D. Douds; 
J.W. Allen; H Buching; J.L. Peter and S.H. Yair (2005). 
Nitrogen transfer in the arbuscular mycorrhizal symbiosis. 
Nature 453: 819-823.   

Mantelin, S. and B. Touraine (2004). Plant growth-promoting 
bacteria and nitrate availability: impacts on root 
development and nitrate uptake. J. Exp. Bot. 55: 27-34. 

Marschner, H. (1995). Mineral nutrition of higher plants, IIth 
edn. Press, London, 889 p. 

Marschner, P.; D. Crowley and R. Lieberei (2001). 
Arbuscular mycorrhizal infection changes the bacterial 16 
SRDNA community composition in the rhizosphere of 
maize. Mycorrhiza 11: 297-302. 

Marstorp, H. (1996) . Influence of soluble carbohydrates, free 
amino acids, and protein content on the decomposition of 
Lolium multiflorum shoots. Biol. Fertil. Soils 21: 257–263. 

Marticnez-Morales, L.J.; L. Soto-Urzuc A; B.E. Baca and 
J.A. Sac nchez-Ahec do (2003). Indole butyric acid (IBA) 
production in culture medium by wild strain Azospirillum 
brasilense. FEMS Microbiol. Lett. 228: 167-173. 

McLean, E.O. (1982). Soil pH and Lime Requirement. In: 
(Page, A.L.; Miller, R.H. and Kenney, D.R., eds). Methods 
of Soil Analysis, Part 2, p. 199-224. ASA, SSSA, Madison, 
Wisconsin, USA. 

Meijide, A. J.A. Díez and L. Sánchez-Martín (2007). Nitrogen 
oxide emissions from an irrigated maize crop amended 
with treated pig slurries and composts in a Mediterranean     
climate. Agric., Ecosyst Environ 121: 383-394.  



 
 

 
 

167

Mengel, K. and E.A. Kirkby (2001). Principles of Plant 
Nutrition. Kluwer Academic Publishers, The Netherlands. 
pp 553-571. 

Merghany, M.M. (1999). Response of snap bean to different 
Rhizobium inoculation methoeds and nitrogen levels under 
drip irrigation regimes in new reclaimed sandy soil. 
Zagazig J. Agric. Res. 26 (4): 1091-1123. 

Miller, A.E. and W.D. Bowman (2002). Variation  in  nitrogen-
15natural  abundance  and  nitrogen  uptake  traits  among  
co-occurring  alpine species:  do species  partition  by 
nitrogen form. Oecologia 130: 609-616.  

Miller, R.M. and J.D. Jastrow (2000). Mycorrhizal fungi 
influence soil structure. In: Kapulnik Y, Douds DD Jr (eds) 
Arbuscular mycorrhizas: physiology and function. Kluwer 
Academic Publication, Dordrecht, pp 3-18. 

Miransari, M. (2011). Arbuscular mycorrhizal fungi and 
nitrogen uptake. Arch Microbiol 193: 77-81. 

Miransari, M.; F.Rejali; H.A Bahrami. and M.J. Malakouti 
(2009a). Effects of soil compaction and arbuscular 
mycorrhiza on corn (Zea mays L.) nutrient uptake. Soil Till 
Res 103: 282-290. 

Miransari, M.; F. Rejali; H.A. Bahrami and M.J. Malakouti 
(2009b). Effects of arbuscular mycorrhiza, soil 
sterilization, and soil compaction on wheat (Triticum 
aestivum L.) nutrients uptake. Soil Till., Res., 104: 48-55. 

Miransari, M.; H.A Bahrami.; F. Rejali and M.J. Malakouti 
(2008). Using arbuscular mycorrhiza to reduce the stressful 



 
 

 
 

168

effects of soil compaction on wheat (Triticum aestivum L.) 
growth. Soil Biol Biochem 40: 1197-1206. 

Miransari, M; H.A Bahrami; F. Rejali; M.J. Malakouti and 
H. Torabi (2007). Using arbuscular mycorrhiza to reduce 
the stressful effects of soil compaction on corn (Zea mays 
L.) growth. Soil Biol Biochem 39: 2014-2026. 

Molina-Favero, C.; C.M. Creus; M. Simontacchi; S. 
Puntarulo and L.  Lamattina (2008). Aerobic nitric oxide 
production by Azospirillum brasilense Sp245 and its 
influence on root architecture in tomato. Mol. Plant 
Microbe Interact. 21: 1001- 1009. 

Montoya-González, A; O.E. González-Navarro; B. Govaerts; 
K.D. Sayre; I. Estrada; M. Luna-Guido; J.A. Ceja-
Navarro; L. Patiño-Zúñiga and R. Marsch L. 
Dendooven (2009). N 2 O emissions and numbers of NH+4 
oxidisers in a coniferous forest soil. Soil Biol  Biochem 31: 
979-990.   

Muller, M.M. and V. Sundman (1988). The  fate  of  nitrogen  
(15 N released from different plant materials during 
decomposition under field  conditions. Plant Soil 105: 133-
139.  

Nakano, A.; Y. Uehara and A. Yamauchi (2003).  Effect of  
organic and inorganic  fertigation on yields, d15N values, 
and d13C values of tomato (Lycopersicon esculentum  Mill.  
Cv  Saturn). Plant Soil 255: 343-349.   

Naseem, F. (2000). Effect of organic amendments and effective 
microorganisms on vegetable production and soil 
characteristics. Pak J. Biol. Sci. 3: 1803-1804. 



 
 

 
 

169

Nboyet. A.; L. Barthes; B.A. Hungate; X.L. Roux; C. 
Nendel; U. Schmutz; A. Venezia and F.C.R. Rahn 
(2003). Converting simulated total dry matter to fresh 
marketable yield for field vegetables at a range of nitrogen 
supply levels. Plant Soil 325: 319-334.   

Nilsson, T. (1980).  The  influence  of  soil type, nitrogen  and 
irrigation  on  yield,  quality  and  chemical  composition  
of cauliflower. Swed J. Agric., Res. 10: 65-75. 

Nishida, M.; H. Sumida, and N.Kato (2008). Fate of nitrogen 
derived from 15N-labeled cattle manure compost applied 
to a paddy field in the cool climate region of Japan. Soil 
Science and Plant Nutrition 45: 459-466. 

Oberson, A.; S. Nanzer; C. Bosshard; D. Dubois; D. Dubois 
and E. Frossard (2007). Symbiotic N2 fixation by 
soybean in organic and conventional cropping systems 
estimated by 15N dilution and 15N natural abundance. Plant 
Soil 290: 69-83. 

Okon, Y.; G.V. Bloemberg and M.J.J. Lugumberg (1998). 
Biotechnology of biofertilization and phytostimulation In : 
A. Alman (ed). Agricultural Biotechnology, Marcel 
Dekker, Inc. New York, pp. 327-349. 

Okon, Y.; R. Itzigsohn; S. Burdman and M. Hampel (1995). 
Advances in agronomy and ecology of the 
Azospirillum/plant association. In: Tikhonovich IA, 
Provarov NA, Romanov VI, Newton WE (eds) Nitrogen 
fixation: fundamentals and applications. Kluwer  
Academic,  Dordrecht, The  Netherlands, pp 635-640 . 



 
 

 
 

170

Olsen, R.J.; R.F. Hensler and O.I. Attoe (1970 .)  Effect of 
manure application,aeration and soil pH on soil nitrogen 
transformations and on certain soil test values. Soil Sci. 
Soc. Amer. Proc. 34: 220- 225. 

Otieno P.E.; J.W. Muthomi; G.N. Chemining’wa and J.H. 
Nderitu (2009). Effect of Rhizobia inoculation, farm yard 
manure and nitrogen fertilizer on nodulation and yield of 
food grain legumes. J. of Biological Sci. 9: 326-332. 

Ousley, M.A.; J.M Lynch and J.N. Whipps (1994).  Potential 
trichoderma spp. as consistent plant-growth stimulates. 
Biel. fertile. Soils. 17: 85-90. 

Page, A.L.; Miller, R.H. and Kenney, D.R.  (1982). Methods 
of Soil Analysis, Part 1, ASA, SSSA, Madison, Wisconsin, 
USA. 

Palm,   C.A.; K.E. Giller; P.L. Mafongoya and M.J. Swift   
(2001). Management of organic matter in the tropics:  
translatingtheory into practice. Nutr Cycl Agroecosyst)   
61:63-75 . 

Peoples, M.B.; D.F. Herridge and J.K. Ladha (1995). 
Biological nitrogen fixation-an efficient source of   
nitrogen for sustainable Agricultural Production. Plant  
Soil  174: 3-28.  

Perrig, D.; M.L. Boiero; O.A. Masciarelli; C. Penna; O.A. 
Ruiz; F.D. Cassac and M.V. Luna (2007). Plant-growth-
promoting compounds produced by two agronomically 
important strains of Azospirillum brasilense, and 
implications for inoculants formulation. Appl. Microbiol. 
Biotechnol. 75: 1143-1150. 



 
 

 
 

171

Peterson, R.L. and F.C. Guinel (2000). The use of plant 
mutants to study regulation of colonization byAM fungi. 
In: Kapulnik KDY, Douds DD (eds) Arbuscular 
mycorrhizas: physiology and function. Kluwer, Dordrecht, 
pp 147-171. 

Piper, C.S. (1950). Soil and plant analysis. Inter science 
Publishers, Inc., New York. 

Podile, A.R. and K. Kishore (2007). Plant growth-promoting 
rhizobacteria. In: Gnanamanickam, S.S. (Ed.), Plant 
Associated Bacteria. Springer, the Netherlands, pp. 195-
230. 

Postgate, J. (1981). Microbiology of the free-living 
nitrogenfixingbacteria, excluding cyanobacteria. In: 
Gibson AH,Newton WE Current perspectives in 
nitrogenfixation. Elsevier/North-Holland Biomedical, 
Amsterdam,  217-228. 

Prezotti, LC; J. M. de- S. Balbino; E. E.  Mendes da Fonseca 
and L .R. Ferreeir (1989) . Effect of poultry manure, 
triple superphosphate and lime on productivity and the 
incidence of blossom - end rot in the tomato cultivar Kada. 
Horticultura  – Brasileeira. 7: 15 -17. 

Qian, C. and Z. Cai. (2007). Leaching of nitrogen from 
subtropical soils as affected by nitrification potential and 
base cations.   Plant Soil 300: 197-205.    

Quilambo, O.A. (2003). The vesicular-arbuscular mycorrhizal 
symbiosis. African J. of Biotech. , 2:  539-546. 

Rahn, C.R.; G.D. Bending and M.K. Tuner (2003). 
Management of N neralization from crop residues of high 



 
 

 
 

172

N content using amendment materials of varying quality. 
Soil Use Manage 19: 193-200. 

Ramazan, C.; I.Akmakc; A. Figen; A. Adil; S. Fikrettin and 
B.C.Ahin (2005).  Growth promotion of plants by plant 
growth-promoting rhizobacteria under greenhouse and two 
different field soil conditions. Biochemistry 38:1482-1487.  

Rashid, M.; T. Horiuchi and S. Oba (2001). Enrichment of 
rice straw compost by adding cow dung and soybean plants 
and its effects on wheat yield and soil nutrients. Jpn. J. 
Crop Sci. 70 (2): 55-56. 

Raushch, C.; P. Daram; S. Brunner; J. Jansa; M. Laloi; N. 
Leggewie Amrhein and M. Bucher (2001). A  phosphate   
transporter expressed  in  arbuscule- containing  cells  in  
potato.  Nature 414: 462-470.   

Reich; P.B.; B.A. Hungate and Y. Luo (2006). Carbon-
Nitrogen interactions in terrestrial  ecosystems  in  
response  to  rising atmospheric   carbon  dioxide.  Annu   
Rev.,  Ecol.,  Evol. Syst. 37: 611-636.  

Requena, N.; E. Perez-Solis; C. Azcon-Aguilar; P. Jeffries 
and J.M. Barea (2001). Management of indigenous plant-
microbe symbioses aids restoration of desertified 
ecosystems. Appl Environ Microbiol 67: 495-498.        

Rhoades, J.D. (1982). Soluble Salts. In: (Page, A.L.; Miller, 
R.H. and Kenney, D.R., eds). SSSA, ASA, Madison, 
Wisconsin, USA .Methods of Soil Analysis, Part 2: 167-
180.  



 
 

 
 

173

Rider, D.E.; R.E. O’Dell and V. P. Claassen (2007). Release 
of non-exchangeable 15NH4 from subgrade decomposed 
granite substrates and uptake. Plant Soil. 300: 83–94 . 

Rodrigues, E.P.; L.S. Rodrigues; A.L. Martinez de Oliveira; 
K.R. dos Santos Teixeira; S. Urquiaga and V.M. Reis 
(2008). Azospirillum amazonense inoculation: effects on 
growth yield and N2 fixation of rice (Oryza sativa L). Plant 
Soil 302: 249-261.    

Rodriguez, A. and L. Frioni (2003). Characterization of 
rhizobia causing nodules on leguminous trees native to 
Uruguay using the rep-PCR technique. Rev Argent 
Microbiol 35: 193-197. 

Rodriguez, H., and R. Fraga, (1999). Phosphate solubilizing 
bacteria and their role in plant growth promotion. 
Biotchnol. Adv. 17: 319-339. 

Rodriguez, H.; T. Gonzalez; I. Goire and Y. Bashan (2004). 
Gluconic acid production and phosphate solubilization by 
the plant growth-promoting bacterium Azospirillum spp. 
Naturwissenschaften 91: 552-555. 

Rondon, M.A.; J. Lehmann; J. Ramírez and M. Hurtado 
(2007). Biological nitrogen fixation by common beans 
(Phaseolus vulgaris L.) increases with bio-char additions. 
Bio. Fertil. 43: 699-708. 

Rouphael Y.; M. Cardarelli; E. Di Mattia; M. Tullio, E. Rea 
and G. Colla (2010). Enhancement of alkalinity tolerance 
in two cucumber genotypes inoculated with an arbuscular 
mycorrhizal biofertilizer containing Glomus intraradices. 
Biol Fertil Soils, 46: 499-509. 



 
 

 
 

174

Saj, S.; J. Mikola and E. Kelund (2008). Legume defoliation 
affects rhizosphere decomposers but not the uptake of 
organic matter N by a neighbouring grass. Plant Soil 311: 
141-149. 

Sanchez- Blanco, M.J.; T. Ferrández; M. Angeles Morales; 
A. Morte and J.J. Alarcón (2004). Variations in water 
status, gas exchange and growth in Rosmarinus officinalis 
infected with Glomus desrticola under drought conditions, 
J. Plant Physiol 161: 675-682. 

Sangakkara, U.R.; B. Marambe; A.M.U. Attanayake and 
E.R. Piyadasa (1998). Nutrient use efficiency of selected 
crops grown with effective microorganisms in organic 
systems. In:  Parr JF, Hornick SB (eds) Proceedings of the 
4th International Conference on Kyusei  Nature Farming, 
Paris, France, pp 111-117, 19-21 June 1995. 

Sarg, M.H.S. and M.A.H. Hassan (2003). Effect of Rhizobium  
inoculation, nitrogen fertilization and plant density on 
growth, yield and minerals content of pea under sandy 
conditions. J. Agric. Sci., Mansoura. Univ. 28(11): 6857-
6873. 

Sarkodie-Addo, J.; H.C. Lee and E.M. Baggs (2003).  Nitrous 
oxide emissions after Application of inorganic fertiliser 
and incorporation of green manure residues. Soil Use 
Manage 19: 331-339. 

Schimel, J.P. and J. Bennett (2004). Nitrogen mineralization: 
challenges of a changing paradigm. Ecology 85: 591-602.      



 
 

 
 

175

Schipanski, M.E; L.E. Drinkwaterand M.P. Russelle (2009).  
Understanding the variability in soybean nitrogen fixation 
across agroecosystems. Plant Soil. 329(2): 379-397. 

Schmidt, S. and G.R. Stewart (1997). Waterlogging  and  fire  
impacts on nitrogen availability and utilization in a 
subtropical wet heathland (wallum). Plant Cell Environ   
20: 1231- 1241.  

Schroder, J.J. (2005). Revisiting the agronomic benefits of 
manure: a correct assessment and exploitation of its 
fertilizer value spares the environment. Bioresource 
Technol 96: 253-261.  

Sensoy, S.; Demir, S.; O. Turkmen; C. Erdinc and O.B. 
Savur (2007). Responses of some different pepper 
(Capsicum annuum L.) genotypes to inoculation with two 
different arbuscular mycorrhizal fungi. Sci Hortic 113: 92-
95.   

Seo, J.H.; J.J. Meisinger and H.J. Lee (2006). Recovery of 
nitrogen-15-labeled hairy vetch and fertilizer applied to 
corn. Agron. J. 98: 245-254.  

Seshadri, S.; R. Muthukumarasamy; C. Lakshminarasimhan 
and S. Ignacimuthu (2000). Solubilization of inorganic 
phosphates by Azospirillum halopraeferans. Curr. Sci. 79: 
565-567. 

Sessitsch, A.; J.G. Howieson; X. Perret; H. Antoun and E. 
Martınez-Romero (2002). Advances in Rhizobium 
Research. Crit., Rev., Plant Sci., 21: 323-378. 

Sharma, N. and M. Madan (1988). Effect of various organic 
wastes alone and with earthworms on the total dry matter 



 
 

 
 

176

yield of wheat and maize. Biological,Wastes. 25 (1): 22-
40.  

Shen, W.; X. Lin., W. Shi; J. Min; N. Gao; H. Zhang; R. Yin 
and He X. (2010). Higher rates of nitrogen fertilization 
decrease soil enzyme activities, microbial functional 
diversity and nitrification capacity in a Chinese polytunnel 
greenhouse vegetable land. Plant Soil 337: 137-150. 

Sheng, X.F. and L.Y. He (2006). Solubilization of potassium-
bearing minerals by a wild-type strain of Bacillus 
edaphicus and its mutants and increased potassium uptake 
by wheat. Can. J. Microbiol. 52: 66-72. 

Shibra, D. and H. Mitiku. (2000). Effect of rhizobial inoculate 
and nitrogen fertilizer on yield and nodulation of common 
bean. J. plant Nutr. 23(5): 581-591.  

Singh, B. and M.S. Brar (1985). Effect of potassium and 
farmyard manure application on tuber yield and K, Ca and 
Mg concentration of potato leaves. Journal of Potassium 
Research 1: 174-178. 

Singh, J.S.; V.C. Pandey and D.P. Singh (2011). Efficient soil 
microorganisms: A new dimension for sustainable 
agriculture and environmental development. Agriculture, 
Ecosystems and Environment, 140: 339-353. 

Smith, S.E. and D.W. Read (2008). Mycorrhizal symbiosis, 3rd 
edn. Academic, London. 

Smith, S.E.; Read, D.J. (1997). Mycorhiza symbiosis. 2nd ed. 
Academic Press, London. pp. 605. 

Solaiman, A.R.M. and M.G. Rabbani (2006). Effect of 
rhizobium inoculant, compost and nitrogen on nodulation, 



 
 

 
 

177

growth and yield of pea. Korean Journal of Crop Science. 
51(6): 534-538. 

Spaepen, S; J. Vanderleyden and R. Remans (2007). Indole-
3-acetic acid in microbial and microorganism-plant 
signalling. FEMS Microbiol Rev. 31: 425-448. 

Stancheva, I., M.; Geneva G. Zehirov; G. Tsvetkova; M. 
Hristozkova and G. Georgiev (2006). Effects of 
combined inoculation of pea plants with arbuscular 
mycorrhizal fungi and Rhizobium on nodule formation and 
nitrogen fixing activity. Gen. Appl. Plant Physiology, 
Special Issue: 61-66. 

Staricka, J.A.; R.R. Allmaras and W.W. Nelson (1991). 
Spatial variation of crop residue incorporated by tillage. 
Soil Sci. Soc. Am. J. 55: 1668-1674. 

Steenhoudt, O. and Vanderleyden J. (2000). Azospirillum, a 
free living nitrogen-fixing bacterium closely associated 
with grasses: genetic, biochemistry and ecological aspects. 
FEMS Microbiol Rev. 24: 487-506. 

Stephen, F. and E.V. Nybe (2003). Organic manures and 
biofertilizers on nutrient availability and yield in black 
pepper. Journal of Tropical Agriculture 41: 52- 55. 

Stockdale, E.A.; N.H. Lampkin; M. Hovi; R. Keatinge, 
E.K.M. Lennartsson; D.W. Macdonald; S. Padel; F.H. 
Tatter- sall;  M.S. Wolfe  and C.A. Watson (2001).  
Agronomic and environmental implications of organic  
farming systems. Adv Agron. 70: 261-327. 

Subramanian, K and C. Charest (1999). Acquisition of N by 
external hyphae of an arbuscular mycorrhizal fungus and 



 
 

 
 

178

its impact on physiological responses in maize under 
drought-stressed and well-watered conditions. Mycorrhiza 
9: 69-75. 

Susheela-Negi, G.K. Dwivedi, and R.V. Singh (2007). 
Integrated nutrient management through biofertilizers, 
fertilizers organic manure and lime for vegetable pea in an 
acid inceptisol of temperate region of Uttaranchal. 
Legume-research, 30(1): 37-40. 

Talbot, J.M.; S.D. Allison and K.K. Treseder (2008). 
Decomposers in disguise: mycorrhizal fungi as regulators 
of soil C dynamics in ecosystems under global change. 
Funct, Ecol, 22: 955-963. 

Tanwar, S.P.S.; G.L. Sharma and M.S.  Chahar (2002). 
Effect of phosphorus and biofertilizers on the growth and 
productivity of black gram. Annl. Agric. Res. 23:491-493. 

Thompson, T.L.; T.A. Doerge and R.E. Godin (2000).  
Nitrogen and water interactions in subsurface drip-irrigated 
cauliflower: I. Plant response. Soil Sci., Soc., Am., J. 
64:406-411.    

Thornton, B. and D. Robinson (2005). Uptake and assimilation 
of nitrogen from solutions containing  multiple  N sources. 
Plant Cell Environ 28: 813-821.   

Tian, C.; B. Kasiborski; R. Koul; P.J. Lammers; H. Bucking 
and Y. Shachar-Hill (2010). Regulation of the nitrogen 
transfer pathway in the arbuscular mycorrhizal symbiosis: 
gene characterization and the coordination of expression 
with nitrogen flux. Plant Physiol 153: 1175-1187. 



 
 

 
 

179

Tobar, R.M.; R. Azcon and J.M. Barea (1994b). Improved 
nitrogen uptake and transport from 15N-labelled nitrate by 
external hyphae of arbuscular mycorrhiza under water-
stressed conditions. New Phytol 126:119-122. 

Tobar, R.M.; R. Azcon and J.M. Barea (1994a). The 
improvement of plant N acquisition from an ammonium-
treated, drought-stressed soil by the fungal symbiont in 
arbuscular mycorrhizae. Mycorrhiza 4: 105-108. 

Troeh, F.R. and L.M. Thompson (2005). Soils and soil 
fertility, 6th edn. Blackwell, Ames, IA 14: 489-500. 

Tsavkelova, E.A.; S.Y. Klimova; T.A. Cherdyntseva and A.I. 
Netrusov (2006). Microbial producers of plant growth 
stimulators and their practical use: a review. App. 
Biochem. Microbiol. 42: 117-126. 

Tsavkelova, E.A.; T.A. Cherdyntseva; S.G. Botina and A.I. 
Netrusov (2007). Bacteria associated with orchid roots and 
microbial production of auxin. Microbiol. Res. 162: 69-76. 

Tuomela, M.; M. Vikman; A. Hatakka and M. Itävaara 
(2000). Biodegradation of lignin in a compost 
environment: a review. Biores. Technol. 72: 169-183. 

Vallejo, A.;  U. Skiba  and L. García-Torres (2006).  Nitrogen 
oxides emission from soils bearing   a potato crop   as 
influenced   by fertilization with treated pig slurries and 
composts. Soil Biol Biochem 38: 2782–2793.  

Van den Boogaard, R. and K. Thorup-Kristensen (1997).  
Effect of nitrogen fertilization on growth and soil nitrogen 
depletion in cauliflower. Acta., Agric.,  Scand.,  B.,  Soil  
Plant Sci., 47: 149-155.  



 
 

 
 

180

Vande Broek, A.; S. Dobbelaere; J. Vanderleyden and A. 
Van Dommeles (2000). Azospirillum-plant root 
interactions: signalling and metabolic interactions. in: E.W. 
Triplett (Ed.), Prokariotic Nitrogen Fixation: a Model 
System for the Analysis of a Biological Process. Horizon 
Scientific Press,Wymondham, United Kingdom, 2000, pp. 
761-777. 

Varadachari, V.and K .Ghosh  (1984) . On humus formation. 
Plant Soil. 77 : 305-313. 

Vitousek, P.M.; K. Cassman; C. Crews; T. Field; C.B. 
Grimm; N.B. Howarth; R.W. Marino; R. Martinelli; L. 
Rastetter; and J.I. Sprent (2002). Towards an ecological 
understanding of biological nitrogen fixation. Biogeochem, 
57: 1- 45. 

Wafaa, M.A.S. and K.M.A. Laila (2004). Soil physical 
properies changes associated with natural soil amendments 
application in sandy soil. Proceeding Second International 
Conference of Organic Agriculture.  Cairo, Egypt, 73-94. 

Wafaa, T. El-Etr; Laila, K.M. and Elham, I. El-Khatib 
(2004). Comparative effects of bio-compost and compost 
on growth, yield and nutrients content of pea and wheat 
plants grown on sandy soils. Proceeding Second 
International Conference of Organic Agriculture. Cairo, 
Egypt, 29. 

Walley, F.; G.M. Fu;  J.W. Van  Groenigen and C. Van  
Kessel (2001). Short-range spatial variability of nitrogen 
fixation by field-grown chickpea. Soil Science Society of 
America Journal 65: 1717- 1722. 



 
 

 
 

181

Waterer, J.G.; J.K. Vessey and C.D. Raper (1992). 
Stimulation of nodulation in field peas (Pisum sativum) by 
low concentrations of ammonium in hydroponicculture. 
Physiol. Plant. 86: 215-220. 

Weigelt, A.; R. Bol and R.D. Bardgett (2005). Preferential 
uptake of soil nitrogen forms by grassland plant species. 
Oecologia 142: 627-635.    

Williard, K.W.J.; D.R. DeWalle; P.J. Edwards and R.R. 
Schnabel (1997). Indicators of nitrate export from forested 
watersheds of the mid Appalachians, USA. Glob    
Biogeochem  Cycles. 11: 649-656.   

Wivstad, M. (1999). Nitrogen mineralization and crop uptake of 
N  from decomposing 15- N  labeled  red  clover  and  
yellow sweetclover plant fractions of  different age.  Plant   
Soil 208:21-31.  

Woodward, A.W. and B. Bartel (2005). Auxin: regulation, 
action, and interaction. Ann Bot 95: 225-251. 

Wua, B.; S.C. Caob; Z.H. Lib; Z.G. Cheunga and K.C. 
Wonga (2005). Effects of biofertilizer containing N-fixer. 
P and K solubilizers and AM fungi on maize growth. 
Geoderma 125: 155-162. 

Xu, X.; C.F. Strange; A. Rhicher; W.W. anek and Y. 
kuzyakov (2008). Light affects competition for inorganic 
and organic nitrogen between maize and rhizosphere 
microorganisms. Plant Soil 304: 59-72.  

Yaacob, O. and G.J.  Blair (1980).  Mineralization of 15N-
labelled legume   residues in soils with  different  nitrogen  



 
 

 
 

182

contents and its uptake  by Rhodes  grass.  Plant Soil.  57: 
237-248. 

Yazdani, M.; M.A. Bahmanyar; H. Pirdashti and M.A. 
Esmaili (2009). Effect of phosphate solubilization 
microorganisms (PSM) and plant growth promoting 
rhizobacteria (PGPR) on yield and yield components of 
corn (Zea mays L.) World Acad. Sci. Engineer. Technol. 
49: 90-92. 

Young, P. (1992). Phylogenetic classification of nitrogen-fixing 
organisms. In: Stacey, G.; R.H. Burris and H.J. Evans (eds) 
Biological nitrogen fixation. Chapman and Hall Inc, New 
York, pp 43-86.    

Yuan, L., D.J.; Y.Bao Jin; Y.H. Yang and J.G. Huang 
(2011). Influence of fertilizers on nitrogen mineralization 
and utilization in the rhizosphere of wheat. Plant Soil  343: 
187–193. 

Yussefi, M. and H. Wilier (2003). The world of organic 
agriculture 2003 . Statistics and Future Prospects. P.46-52. 
Source : www. ifoam. org and  www.soel.de / inlialte/ pub 
Jikationen /s/s 74. pdf.  

Zahir, A.; Z.M. Arshad and W.F. Frankenberger (2004). 
Plant growth promoting rhizobacteria. Adv. Agron. 81: 97–
168. 

Zaidi, A. and, S. Mohammad (2006). Co-inoculation effects of 
phosphate solubilizing microorganisms and glomus 
fasciculatum on green gram bradyrhizobium symbiosis. 
Agric. Sci. 30: 223-230. 



 
 

 
 

183

Zhang, L.; J. Zhang and P. Christie (2008). Pre-inoculation 
with arbuscualrmycorrhizal fungi suppresses root knot 
nematode (Meloidogyne incognita) on cucumber (Cucumis 
sativus). Biol Fert Soils 45: 205-211.  

Zhu, J.H.; X.L. Li; P. Christie and J.L. Li (2005). 
Environmental implications of low nitrogen use efficiency 
in excessively fertilized hot pepper (Capsicum frutescens 
L.) cropping systems. Agriculture, Ecosystems and 
Environment, 111: 70-80. 



 الملخص العربي
ه   –قليتين بقسم بحوث االراضى    أقيمت تجربتين ح   ة  - مرآز البحوث النووي  هيئ

ا في صورة عضويه او                     م َاضافةالنيتروجين آلي الطاقة الذرية أنشاص  مصر حيث ت
وى                  آليا في صوره معدنية او فى حالة خلط مابين الصورتين وذلك تحت التسميد الحي

م    .ت او بدون  وتصميم التجربة القطع آاملة العشوائية بثالث مكررا        ى ت ة األول التجرب
 .زراعة البسلة ثم تم زراعة نبات الخيار على نفس المعامالت

 وآانت أهم النتائج  المتحصل عليه آاألتى

  تجربة البسلة
 الوزن الطازج 

 :المرحلة الخضرية -
ذلك                   - بيرلم وآ يح باالزوس ه التلق أشارت النتائج الى زيادة في الوزن الطازج في حال

امالت    ه المع ي حال دنى %٢٥ف ماد مع وى و  %٧٥+س ت عض % ١٠٠آمبوس
دارها           و %١٥٤و%١٧٣آمبوست عضوى والمعامله الغير مسمده اعطت زيادة مق

 .على التوالى% ١٨٨
 :مرحلة التزهير -

به       وى بنس ت العض دني والكمبوس ماد المع افة الس ائج ان أض حت النت أوض
 مع آل انواع التلقيح الحيوى ادي الي تحسين الوزن الطازج % ٥٠%:٥٠

  :رحلة القشم -
ي            الريزوبيم اعل يح ب المقارنه بين أنواع التلقيح المختلفة أشارت الى افضلية التلق

دني   %٧٥من االزوسبيرلم تم فطر الميكروهيزا والمعاملة        آمبوست  % ٢٥+سماد مع
ه       ي حال جلت ف ه س ل قيم ت اق ا آان ازج بينم وزن الط ه لل ى قيم عضوي اعطت أعل

 . ست عضويآمبو%  ٧٥+سماد معدنى%٢٥المعامله 
 في العموم ،،،،

دنى                     وط بالسماد المع ردا أو مخل ه اضافته منف فأن الكمبوست العضوى فى حال
يح            .أدى لزياده عوامل النمو لنبات البسله      ة التلق وهذا التأثير آان أآثر وضوحا في حال

واع األخرى من               اقي األن بالسماد الحيوى حيث ان التلقيح بالريزوبيم اآثر تأثيرا عن ب
 .يحالتلق
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ضافة السماد العضوى منفردا أو في حاله الخلط مع         إويمكن تلخيص النتائج بأن     
ة       معدالت م  وي يمكن تعويض      انخفضة من السماد العضوى في حال يح حي ستخدام تلق

 .جزء من السماد النيتروجيني المستخدم

 :النيتروجين المستمد من السماد
 .المرحلة الخضرية -
ه من        % ١٠٠وره  أضافة السماد النيتروجيني في ص     - سماد معدني أعطت أعلى آمي

تمد من السماد         امالت في            / جم  ١٢١٫٦النيتروجين المس ك المع ى من تل ار أعل هكت
 .حالة خلط مابين الكمبوست العضوى والسماد المعدنى

 :مرحلة التزهير
روجين  ه النيت ى ان آمي ير ال وى تش ميد الحي امالت التس ام لمع ط الع  المتوس

ماد ي   ن الس تمد م يح   المس ه التلق ى حال ل ف ميد    . ق امالت التس ام لمع ط الع وأن المتوس
ع     ماد م ن الس تمد م روجين المس ه النيت ي آمي وى ف اض معن ي يعكس انخف النيتروجين

 .أنخفاض نسبه السماد المعدنى في حالة الخلط بالكمبوست العضوى

 :القش 
اد اعلي التلقيح باالزوسبيرلم أعطى أعلى آمية من النيتروجين المستمد من السم 

 .من التلقيح بفطر الميكروهيزا أعلي من الريزوبيم

 :البذور
نخفاض آميه اتروجين المستمد من السماد وذلك بتشير النتائج الى أنخفاض آمية الني

 .السماد المعدنى

 :)التسميد الحيوى(النيتروجين المستمد من الهواء الجوى
زا      اوضحت النتائج أفضليه التلقيح بالريزوبيم اعلى من ا        يح بفطر الميكروهي لتلق

واء الجوى في            .والتلقيح باالزوسبيرلم  وقد تفاوتت مساهمه النيتروجين المستمد من اله
 .امداد النبات بعنصر النيتروجين فى مراحل النبات المختلفة

 :النيتروجين المستمد من الكمبوست
ى     ى أعل ائج أل ارت النت ات أش ة للنب و المختلف ل النم ابين مراح ة م ه  المقارن قيم

ة      ن مرحل ى م ش أعل ة الق ى مرحل ى ف جلت ف ن الكمبوست س تمد م روجين المس للنيت
 .التزهير والمرحلة الخضرية
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 :آفاءة استخدام السماد المعدني
ادو             آفاءة استخدام السماد المعدني في مرحلة القش ومرحلة التزهير اعطت زي

 .معنويه من التي سجلت في باقي المراحل النمو االخرى

 :ين المتبقي في التربةالنيتروج
بة  ادة نس ى زي وى أدى ال يح الحي تخدام التلق ح ان أس ام اوض ط الع النتوس

أقل قيمة من نسبة النيتروجين .النيتروجين المتبقي في التربة وذلك بعد محصول البسلة   
ة   المتبقي في التربة سجلت في ح    ة المعامل دنى مع    %١٠٠ال دون تسميد   أسماد مع و ب

عطى زيادهة  أ فى حالة خلط مع السماد المعدنى        لفات العضوية وان اضافة المخ  .حيوى
 .فى آميةالنيتروجين المتبقي في التربة بعد عملية الحصاد

 :تجربة الخيار
 :طازجلالوزن ا

بة      ط بنس ح ان الخل ام اوض ط الع دنى  %٥٠المتوس ماد مع ت % ٥٠س آمبوس
ي أن نصف    ذا يعن رى وه امالت األخ اقى المع ى ب لية عل ه األفض ة عضوى  ل  الكمي

روجين                 ا يحتاجه من عنصر النيت ات بم داد النب دنى تكفي الم المقرره من السماد المع
ماد       تخدام الس اطر اس ن مخ ل م أثير يقل ك الت ماد اعضوى وذل اقي بالس تكمال الب واس

 .المعدنى

 :النيتروجين المستمد من السماد المعدني
اف   دالت االض أثرت بمع ماد ت ن الس تمد م روجين المس ة النيت ن آمي ة م ة المختلف

ماد     ن الس تمد م روجين المس ة النيت ي قيم ت أعل ث آان دنى والعضوى حي ماد المع الس
ة    ي حالةالمعامل دني ف دنى  %٥٠المع ماد مع يح   %٥٠س وى وأن التلق ت عض آمبوس

ة من      .بفطر الميكروهيزا آان لة األفضلية من المعامالت الملقحة األخرى           ى آمي واعل
 .معدني فى الثمار مقارنه بمراحل النمو األخرىالنيتروجين المستمد من السماد ال

 :)التسميد الحيوى(النيتروجين المستمد من الهواء الجوى
يح         ة التلق ى حال جلت ف وى س واء الج ن اله تمد م روجين المس ة النيت ي قيم اعل

نفس المسار لوحظ فى حالة التلقيح بفطر ميكروهيزا         .ش يليها الثمار  بالريزوبيم فى الق  
 .باالزوسبيرلموآذلك التلقيح 
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 :النيتروجين المستمد من الكمبوست
بة     ط بنس د الخل جلت عن ت س ن الكمبوس تمد م روجين المس ة النيت ى قيم أعل

دنى %٥٠ ماد مع ر  %٥٠س زوبيم وفط يح  االري وى وان التلق ت عض آمبوس
وأعلى قيمة سجلت في القش مقارنة بمراحل    .الميكروهيزا اآثر تاثيرا من االزوسبيرلم    

 .النمو األخرى

 :النيتروجين المستمد من التربة
ة  دنى و%٥٠المعامل ماد مع ادة   %٥٠س أثيرافى زي را ت آمبوست عضوى اآث

امالت                 ة بالمع آمية النيتروجين المستمد من التربة واعلي قيمه سجلت في القش مقارن
روجين               .األخرى   ة النيت ادة آمي التلقيح بفطر ميكروهيزا والريزوبيم  اآثر تأثير في زي
 .من التربة من التلقيح باالزوسبيرلمالمستمد 

 :آفاءة استخدام السماد المعدني
اءة استخدام السماد           %٥٠سماد معدنى   %٥٠اضافة   ادة آف آمبوست ادي الى زي

ات                 . المعدني دني في اجزاء نب والتلقيح الحيوى ادي لزيادة آفاءة استخدام السماد المع
 .الخيار المختلفة



 
 

 
 

5

 من التسميد الحيوى ىتفادة المثلــاالس  لتحديدةتطبيقات النوويال
 والعضوى لبعض الخضروات

 
 رسالة مقدمه من

 أحمد فتحي أحمد أحمد

 )٢٠٠٥( جامعة الزقازيق - ةآلية الزراع - )أراضى(بكالوريوس العلوم الزراعية 

 
 

 للحصول على درجة

 الماجستير فى العلوم الزراعية

 )أراضى(

 

 
 قسم علوم األراضى

 معة الزقازيق جا–آلية الزراعة 

٢٠١٢ 
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 من التسميد الحيوى ىتفادة المثلــاالس  لتحديدةالتطبيقات النووي
 والعضوى لبعض الخضروات

 
 رسالة مقدمه من

 أحمد فتحي أحمد أحمد

 )٢٠٠٥( جامعة الزقازيق - ةآلية الزراع - )أراضى(بكالوريوس العلوم الزراعية 

 

  

      

 :لجنة اإلشراف العلمى

 .........................    أحمد الشربيني  أحمد عفت . د.أ

 جامعة -  آليةالزراعة - قسم علوم األراضي  –أستاذ االراضي الغير متفرغ 
 .الزقازيق

 .........................    صالح محمود محمد دحدوح. د.أ

 . جامعة الزقازيق- آلية الزراعة - قسم علوم األراضي  -أستاذ األراضي

 .........................    ان محمـد سـليمانسـليم. د.أ

 . نائب رئيس هيئة الطاقة الذرية- قسم بحـوث األراضى والمياه -أستاذ األراضي

 قسم علوم األراضى

  جامعة الزقازيق–آلية الزراعة 
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 من التسميد الحيوى ىتفادة المثلــاالس  لتحديدةالتطبيقات النووي
 والعضوى لبعض الخضروات

 
 ة مقدمه منرسال

 أحمد فتحي أحمد أحمد

 )٢٠٠٥( جامعة الزقازيق - ةآلية الزراع - )أراضى(بكالوريوس العلوم الزراعية 
 

 للحصول على درجة

  أراضى-الماجستير فى العلوم الزراعية 

 وقد تمت مناقشة الرسالة والموافقة عليها

 اللجنــــــــــــة
 .........................    أحمد عفت أحمد الشربيني. د.أ

 جامعة - ةالزراع   آلية- قسم علوم األراضي  –أستاذ االراضي الغير متفرغ 
 .الزقازيق

 .........................    على أحمد عبد السالم. د.أ
 -الزراعة مشتهر  آلية– قسم علوم األراضي -أستاذ االراضي الغير متفرغ 

 .جامعة بنها
 .........................     أحمد سعيد متولى.د.أ

 .  جامعة الزقازيق-الزراعة    آلية-أستاذ ورئيس قسم علوم األراضي 
 .........................    صالح محمود محمد دحدوح. د.أ

 . جامعة الزقازيق- آلية الزراعة - قسم علوم األراضى -أستاذ األراضي 
 ٣١/١/٢٠١٢: تاريخ الموافقة

 


