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Abstract 

Barley is an important cereal crop all over the world. Among cereals, it ranks fourth concerning area and production 

after wheat, rice and maize. Barley is generally grown in the Northern plains of India which is commonly used in 

breads, soups, health products and also grown as a fodder crop. It can also be utilized as a source of malt for 

alcoholic beverages. In India UP, Rajasthan, MP, Bihar, Punjab, Haryana, Himachal Pradesh and J&K are the 

major states for barley cultivation. It is a very hardy crop, which can survive in saline or alkaline soils and grow 

well even in the areas where there is low rainfall. Inoculation of Azospirillum with barley seeds and foliar 

application of iron helps in better crop growth and development. Azospirillum is associative symbiont or bio-

fertilizer, which can fix atmospheric dinitrogen, convert it into an available form, and provide for the plants. The 

term biofertilizers refer to the organic source of fertilizers, which fulfil the nutritional requirements of a crop 

through microbiological means. Azospirillum can be used under both field condition and greenhouse condition in 

tropical as well as in temperate climatic condition. For the biological nitrogen fixation, the enzyme nitrogenase 

complex plays the key role, which converts atmospheric dinitrogen into ammonia and also associated in the 

reduction of protons to H2. The activity of this enzyme is influenced by soil moisture, pH, temperature and very 

sensitive to oxygen presence. Fe and Mo act as co-factor for this enzyme and very important for its proper 

functioning. Deficiency of these nutrients in soil or plants leads to the reduced activity of this enzyme. Foliar 

application of Fe on barley crop meets its requirement particularly when a crop is grown under alkaline soil. In 

plants, iron is also involved in chlorophyll synthesis, maintenance of chloroplast structure and function. Several 

studies represent the foliar application of iron on barley increases crop growth and development, which results in 

an enhancement in crop yield. In modern agriculture, farmers have been used a large amount of inorganic fertilizer, 

which disturbs the nutrient stability in soil and also reduces microbial activity. Thus, soil fertility is reduced at a 

very high rate. Hence, integrated use of an inorganic form of nitrogenous fertilizers and organic source, which is 

bio-fertilizer, is present-day need to maintain sustainability in agriculture.  
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Introduction 

          Barley is an important cereal crop commonly grown in northern plains of India. In India UP, Rajasthan, MP, 

Bihar, Punjab, Haryana, Himachal Pradesh and J&K are the major states for barley cultivation. It is a very hardy 

crop which can survive in saline or alkaline soils and grow well even in the areas where there is low rainfall. In the 

states of Haryana, Western U.P., Punjab and Rajasthan, barley is also grown for malting and brewing purposes.  
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          Barley (Hordeum vulgare ssp. Vulgare L. 2n = 14, diploid, HH genomes) is among the world’s earliest 

domesticated crop species, being cultivated in the Nile River Valley of Egypt at least 17,000 years ago. A post-

domestication change resulted in the presence of a naked cariopsis. In around 8000 BC, a mutation occurred in this 

crop which resulted in hulless (naked) barley grains. Barley is very nutritious food because of which in the early 

ages it formed a very important part in the training diet of Roman gladiators were known as barley men. Currently, 

barley is one of the most important cereal crops which has been distributed in more than 100 countries. In the last 

decades, Europe is the largest producer of the barley which contributes 60% of the world production while Asia 

contributes 15% followed by America which is 13%.  

          Barley has a haploid genome size of 5.3 Gb present in seven chromosomes. For other temperate cereal crops 

like wheat, barley serves an important experimental model because of its simple inbreeding diploid genetics. Barley 

is more tolerant as compared to wheat which can withstand under unfavourable climatic conditions such as cold, 

drought or alkaline soils. Barley grains are major feed for the animals and the production of alcoholic beverages. 

Malting barley varieties are more remunerative for the farmers because they get a very fair price for their harvest 

after selling to the malting market. There has been the utilization of barley grains for the beer production at a very 

high scale. Beer products can be found in pottery dated back at least 9000 years and brewing is thought to have 

existed on an organized scale in pre-dynastic Egypt 7000 to 5000 years ago. By 2014, world beer consumption had 

grown to over 1960 million hectoliters, equating to over 21.5 million tonnes of malt, at an average conversion rate 

of 11kg malt to 1 hectoliters of beer. Similarly, Scottish distillers, the major use of barley in the distilling segment, 

have increased production of malt whisky over the same period.  

In India barley is commonly cultivated for human consumption and animal feed. Winter season is the most 

favourable season for this crop and better grown in northern plains and northern hills. During the months of 

November to January, drier parts of northern plains like Rajasthan, Southern Haryana, South West Punjab and 

Western U.P. faces a huge shortage of green fodder. This is because berseem, sugarcane top and oats are the major 

sources of fodder for animals which required frequent irrigation, which is not available in these areas. Under this 

condition, barley serves as a major fodder crop for animals because the irrigation requirement of this crop is low 

as compare to other fodder crops. It needs only two to three irrigations. About 50-55 DAS barley is ready for its 

first cut for green fodder and the regenerated crop can be utilized for grain purposes. In the northern hills, it takes 

about 70 days for its first cutting. Barley is very advantageous crop due to its dual utilization that is green fodder 

and grain for animal fodder/feed purposes.   

 

India supports about 512 million livestock population and there is tremendous pressure on the timely availability 

of feed and fodder for the livestock (Singh et al.,2016). India faces a net deficit of 61.1% green fodder, 21.9% dry 

crop residues and 64% feed (Kumar et al.,2012). Now a days most of the farmers utilize chemical fertilizers for 

the crop production which raises their cost of production because of high prices of chemical fertilizers. At the same 

time, excess use of the chemical fertilizers also reduces soil fertility and deteriorates long term soil health. Higher 

use of same chemical fertilizers leads to the nutrient imbalance in the soil and plants like micronutrient deficiency, 

increases pest attack, environmental pollution and degradation of soil health. Therefore, there is a great need to 

integrate the use of an organic form of nutrients and bio-fertilizers with the inorganic fertilizers which help to 

maintain the sustainability in crop production and increase the soil health. Bio-fertilizers are the substances which 

contain strains of microorganisms which can fix atmospheric nitrogen and provide to the plants and also phosphate 

solubilizing bacteria to solubilize unavailable phosphorus in the soil and make available for the plant growth. 

Inoculation of bacteria has synergistic and additive effects on plant growth besides reducing the cost of cultivation, 

reduced leaching of NO3- N to groundwater as well as reduced emission of N2O greenhouse gas, the global 

warming effect of which is 300 times more than CO2 (Kennedy et al.,2004). These bio-fertilizers helps to increase 

crop yield and productivity. Soil health has been degraded due to prolonged use of chemical fertilizers alone, the 

time has to come to figure out the judicious and well-matched level of inorganic fertilizers with these bio-fertilizers 

for reducing the dependency of farmers on chemical fertilizers.  
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Azospirillum spp. is one of the most important genera of plant growth-promoting rhizobacteria which forms the 

associative symbiosis with the plant roots. Acetobacter diazotrophicus, Herbaspirillum seropedicae, Azoarcus spp. 

and Azotobacter spp. are other free-living diazotrophs which can be found in association with plant roots. 

Azospirillum spp. also helps in the biosynthesis of plant growth hormones. Azospirillum was isolated from the 

rhizosphere of many grasses and cereals all over the world, in tropical as well as in temperate climates (Dobereiner 

and Day, 1976); Patriquin et al.,1983). Azospirillum has very positive results both under the field conditions and 

greenhouse conditions. There are five species under this genus such as Azospirillum lipoferum, A. brasilense, A. 

amazonense, A. halopraeferens and A. irakense. Azospirillum shows the very stimulatory effect on plant growth 

through biological nitrogen fixation and auxin production. There is an alteration in the root morphology observed 

under the inoculation of Azospirillum. The number of lateral roots has been increased and enlargement of the root 

hairs takes place. These changes in the root morphology help in the absorption of nutrients and water from the 

lower layers of the soil which results in improved growth of the plants.  

  The process of biological nitrogen fixation is completed with the catalytic action of a complex enzyme system 

called nitrogenase. This enzyme contains two important protein components viz, dinitrogenase (MoFe-protein) and 

dinitrogenase reductase (Fe-protein). Iron (Fe) and molybdenum (Mo) in the nitrogenase acts as cofactor known 

as MoFe-cofactor or MoFe-co. Iron is a very important micronutrient which has a major function for the plant 

growth and development. Its involvement in the chlorophyll biosynthesis, respiration and chloroplast development 

represents its importance in the plant system. It also helps in the activation of several enzymes. Iron also involved 

in the oxidation process which releases energy from sugars and starches and converts nitrate to ammonium in 

plants. Cereal crops like barley grown in the soils having Fe deficiency results in the reduction of accumulation of 

Fe in the edible parts of plants. Iron deficiency is a serious problem in alkaline soils because its availability 

decreases with increase in soil ph. Therefore, proper fertilization of iron in these soils is very important for the 

proper plant growth and yield. Its requirement by the cereal crops is low but essential for a healthy growth and life 

cycle completion. The adequacy range of Fe concentrations in plant tissue is usually comprised between 50 and 

250 ppm, in the wheat grain is reported to be between 25 and 35 ppm.       

        The problem of exhaustion of soil micronutrients from soil has been raised due to the intensification in 

agriculture which includes the use of high yielding crop varieties, use of excess chemical fertilizers but utilization 

of organic manures is very less. The requirement of micronutrients are very less in soil and plant but their role in 

plants metabolism is significant. There are six important micronutrients viz, Fe, Mn, Zn, Cu, B and Mo. Among 

all iron is the fourth most abundant element in the earth’s crust. The presence of total Fe in soil ranges from 1-5% 

and about 22.4-112 ton/ha present in the plow layer. The presence of iron affects various properties of soil like soil 

pH, organic matter, calcium carbonate content, ion imbalance, soil texture, accumulation of phosphorus, soil 

temperature, poor soil aeration, high humidity and compaction of soil. Crop productivity has been severely reduced 

due to the emerging problem of micronutrient deficiency in the Indian soils. Deficiency of zinc, iron, boron and 

manganese has been observed in many parts of the country while copper and molybdenum deficiency also 

experienced in some districts of the country. Soil pH largely affects the availability of micronutrients in the soil. 

In the eastern and southern parts of India soil acidity develops a deficiency of various micronutrients like Mo while 

soil alkalinity commonly observed in north-western states which face iron and manganese deficiency. Iron 

deficiency has been observed in Punjab, Haryana, Uttar Pradesh, North Bihar, Andhra Pradesh, Gujarat, Rajasthan, 

Karnataka, Maharashtra and Tamil Nadu. Deficiency of iron commonly observed in alkaline and calcareous soils. 

Ferrous sulphate is a commonly used source of iron. Fe EDTA is very useful for foliar application due to its high 

solubility in water. Ferrous sulphate @ 50 kg/ha is recommended for rice, wheat and pulses. It gives higher results 

when applied as foliar sprays of 1% solution at 2 to 3 times in rice, wheat or pulse crops.     

Fe chelates and Fe fertilizers are the sources of iron for the plant growth which can be applied as a soil application 

or in the form of foliar sprays with varying degree of success. These inconsistencies can be because of varying 

levels of chlorosis severity, the soil type, plant genetics, and low application rates (Wiersma, 2005). Under high 

deficiency of iron in the plant's application of Fe in the form of chelates is a very good option because Fe can retain 

in the plant system for a longer period for its better growth. Application of Fe in the form of chelates shows better 
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results as compared to inorganic fertilizers because of higher solubility in water and good translocation in the 

plants. The chelates overall stability is a good indicator as to their effectiveness, while the rapid degradation of 

some chelates may reduce the potential for the treatment of deficiency (Liesch et al., 2011; Rodriguez-Lucena et 

al., 2010; Schenkeveld et al., 2012). Calcareous soils highly suffer from iron deficiency. To overcome this 

unavailability chelated iron should be applied to the soil under high doses. But this soil application increases the 

cost of production for farmers which is uneconomical. Hence, various studies have been reported that foliar 

application of Fe EDTA when plants stomata are open enhances the iron absorption in plant leaves which is more 

economical than soil application. Crops are more responsive to the iron application as compare to other 

micronutrients like zinc. Application of iron increases the crop average yield which is 450 kg/ha in chickpea, 780 

kg/ha in wheat and up to 1500 kg in paddy.  

1.2 Nitrogen:  

Chemical v/s Biological nitrogen fixation: 

1.2.1 Chemical: 

Nitrogen is a very essential element for plant growth and development which constitute about 1-5% of plant dry 

matter. Nitrogen controls the various metabolical activities of plants and a major component of protein. It is a very 

important constituent of chlorophyll which imparts a green colour to plants and promotes vegetative growth. The 

atmosphere contains 4 trillion mt of nitrogen which is estimated as 78% of its volume and 75.5% by weight. But 

plants have not that much energy to use it since it is inert. Nitrogen and zinc are the nutrients which are deficient 

in the Indian soils. Therefore, nitrogen is provided in form of chemical fertilizers through the chemical fixation of 

atmospheric nitrogen with the help of Haber-Bosch process. This is the process which requires very high 

temperature i.e. 400-500°C and 20 MPa pressure and corresponds to energy inputs of about 875 cubic meters of 

natural gas, 5.5 barrels of oil, or 2 metric tons of coal to fix 1 metric ton of ammonia (Dixon and Wheeler,1986). 

There are two nitrogen atoms which are joined by triple bond and forms the most stable diatomic molecule in the 

atmosphere. To break this triple bond a very high amount of energy is required which is a major challenge for 

dinitrogen fixation.  

 

1.2.2 Biological nitrogen fixation:  

Atmospheric dinitrogen fixation can also be possible through some biological agents and convert to ammonia. This 

form of nitrogen is available for plant growth. After the fixation of dinitrogen into ammonia is further converted 

to nitrate by soil microorganisms and provide to the plants for better growth and development. Due to some 

denitrifying bacteria in the soil, there is a conversion of nitrate into nitrogen gas which again release into the 

atmosphere which forms a very typical path of the nitrogen cycle. Bacteria fix atmospheric nitrogen with the help 

of a particular enzyme through the selective process known as biological nitrogen fixation (BNF) which contributes 

65% of nitrogen consumption in agriculture. Nitrogenase is the enzyme which converted the atmospheric nitrogen 

into ammonia. 

The formula for biological nitrogen fixation is: 

N2 + 6H+ + 6e- → 2NH3   

The process of biological nitrogen fixation involved the hydrolysis of 16 equivalents of ATP and associated with 

the confirmation of one molecule of H2. After the fixation of atmospheric dinitrogen into ammonia through 

nitrogenase gets assimilated into glutamate by glutamate synthase pathway. But the activity of this specific enzyme 

is highly affected in the presence of oxygen. Maximum of the nitrogen-fixing bacteria functions well in an 

anaerobic condition and in case of Azospirillum which required microaerobic conditions.  
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1.3 Nitrogenase enzyme: 

Nitrogenase enzyme helps in the conversion of atmospheric dinitrogen (N2) to ammonia (NH3) and be associated 

with the reduction of protons to H2. Fe and Mo serve as a cofactor in the nitrogenase enzyme known as FeMo-co. 

Two types of metal-sulfur clusters, the P-clusters present in MoFe protein. Although the structure of FeMo-co 

within crystalline resting-state nitrogenase was determined in 1992, the sites of substrate and inhibitor coordination 

are still poorly understood. (Pickett et al.,2000).   

1.3.1 Factors affecting nitrogenase activity: 

1. Oxygen Sensitivity 

The activity of nitrogenase enzyme is highly influenced by the oxygen. The Fe protein of this enzyme is highly 

sensitive to oxygen while MoFe protein is relatively insensitive. Conformational protection and respiratory 

protection are two protective mechanisms which are operated. There have been conformational changes takes 

place in the nitrogenase enzyme through which enzyme becomes oxygen insensitive under conformational 

protection. Under this condition, nitrogen fixation is affected to some extent. Under the respiratory protection 

mechanism, oxygen scavenging process is operated as a result of high respiratory activity. In this condition, 

the enzyme remains inactive form to fix atmospheric enzyme. Some bacteria like Azospirillum spp. require 

low partial pressure of oxygen for expression of hydrogenase activity. Under the complete aerobic condition, 

the functioning of the nitrogenase enzyme is inhibited unless it is protected. Azospirillum requires 

microaerophilic condition for biological nitrogen fixation. In Azospirillum, nitrogen fixation takes place at an 

optimal rate between 0.005-0.007 atmospheres.  

2. pH and Temperature: 

The optimum temperature for H2-dependent growth is 32-40°C in case of Azospirillum. Greater than 15°C 

temperature is required for better activity of nitrogenase enzyme of Azospirillum. Its activity is severely 

affected below 15°C temperature. This is the reason for its higher incidence in tropical areas. For better 

functioning of Azospirillum soil pH must be in the range of 6.8-7.8. But when the soil pH is low, the roots of 

grasses provide better pH conditions for its growth.   

3. Soil moisture: 

Soil moisture plays a very critical role in nitrogenase activity. It was found that nitrogenase functioning is 

correlated with the availability of soil moisture. Due to the linear increase in soil moisture acetylene reduction 

rate is found to be increased. This case is also found between biological nitrogen fixation and soil moisture. 

The changed PO2, in turn, affects nitrogenase activity this view is supported by the fact that higher rates of 

acetylene reduction are observed in soil cores incubated under N2 compared with incubation under air 

(Madeline et al.,1997). According to some reports it has been found that the rate of nitrogen fixation is increased 

in non-leguminous plants under wet conditions. Plants growing in wetlands shows higher rate of nitrogen 

fixation due to good nitrogenase activity as compared to plants grown under dry conditions. This is due to the 

reason that under wet conditions combined nitrogen content is low which increases nitrogen fixation. There are 

denitrification losses and leaching of nitrates from wet soil. High levels of combined nitrogen are inhibitory to 

nitrogen fixation. 

1.3.2 Organisms which synthesize nitrogenase:   

Free-living diazotrophs which include: 

 Cyanobacteria (through differentiated heterocysts) 

 Azotobacteraceae 
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Symbiotic diazotrophs which include: 

 Rhizobia 

 Frankia 

 

1.4 Biofertilizers: 

The term biofertilizers refer to the organic source of fertilizers which fulfil the nutritional requirements of a crop 

through microbiological means while in some countries it is used as microbial inoculants. These biofertilizers are 

the product which contains the strains of beneficial microorganisms in a viable state which can be utilized as a seed 

treatment or soil application. They improve plant growth by providing nitrogen, enhance nutrient and water uptake 

and also produce the growth hormones. The introduction of biofertilizers in India along with the soybean crop. 

Rhizobial inoculation with this crop shows very great results through providing nitrogen in a very significant 

amount. Due to the positive results shows by soybean crop, then this technology also applied for other leguminous 

crop and later for cereals. Now a days organic farming gets the attention of world agriculture due to the reduction 

of soil fertility by using an excess amount of chemical fertilizers. Hence, the use of bio-fertilizers plays a very 

significant role in maintaining sustainability in agriculture due to the reduction of dependency on chemical 

fertilizers. They are an integral input of organic farming and have the following benefits: 

 Bio-fertilizers have very high cost-benefit ratio with low cost  

 They help to enhance soil fertility and maintain long term soil health 

 Bio-fertilizers increases nutrient availability and water uptake which improves plant growth and crop 

yield 

 Environmental contamination is zero which is a very serious problem in case of chemical fertilizers 

 Increases sustainability in agricultural production and soil conditioning 

 Increases plant resistance against various soil-borne pathogens 

 Enhances plant ability to grow under stress conditions 

 

1.4.1 Classification of Bio-fertilizers:  

 

Fig.1 Classification of Bio-fertilizers 
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1.4.1.1 Symbiotic nitrogen fixation: 

Rhizobium – Legume Symbiosis: 

Rhizobium – Legume symbiosis is a very important part of symbiotic nitrogen fixation which provide significant 

benefits to leguminous crops. Biological nitrogen fixation in legume nodules by rhizobium was experimentally 

demonstrated by the German scientists Hellriegel and Wilfarth. This is accompanied by macro-symbiont (legume 

plant) and micro-symbiont (Rhizobium). This symbiosis maximum found in leguminous crops like pigeon-pea, 

chickpea, soybean, lentil, Lathyrus, kidney beans, clover and peas. There is a huge amount of world pulse 

production from India which is about 25%. In this symbiosis, Rhizobium fixes atmospheric nitrogen through the 

formation of nodules in the roots. Nodulation is the completion of molecular dialogues between the legume plant 

and Rhizobium. Nodules which is a protein present in legumes help nitrogenase enzyme of Rhizobium for 

atmospheric nitrogen fixation.  

 

Fig.2 Nitrogen fixation in different crops 

Azolla – Anabaena symbiosis: 

Azolla particularly used as a bio-fertilizer in paddy fields in many countries like Philippines, Vietnam, China, 

Thailand, Sri Lanka and India where rice is one of the major crops. In this symbiosis a cyanobacteria i.e. Anabaena 

azollae makes symbiotic association with water fern. In India, Azolla is most demanding bio-fertilizer for paddy 

cultivation. It is better grown on water beds. This is applied to the field before transplanting of rice seedlings until 

it is not attained good growth. Application of this bio-fertilizers to paddy fields is very economical for farmers 

because it can also suppress the growth of the weed and reduces the cost for herbicides. Application of Azolla @ 

15t/ha increases grain yield by 29.2%.  

Asymbiotic nitrogen fixation:    

 This group of bio-fertilizer include Azotobacter, Derxia and Beijerinkia present in the soil. Out of these 

Azotobacter is most important which can fix atmospheric nitrogen. Most common species is A. chroococcum, it 

can fix 10 mg N/g of carbon source supplied in vitro (Thomas, G.V.,1993). Beside nitrogen fixation, it can also 

produce some growth hormones such as indole acetic acid (IAA) and gibberellic acid. Azotobacter specifically 

inoculated with cereals like wheat, maize, sorghum and bajra. According to some reports, Azotobacter can fix 66 

kg N/ha in maize, 60 kg N/ha in rice and 30 kg N/ha in sorghum.  
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Free-living nitrogen fixation: 

There are various cyanobacteria also referred to as blue-green algae also can fix a significant amount of 

atmospheric nitrogen which involves Anabaena, Nostoc, Cylindrospermum, Aulosira and Tolypothrix etc. 

Unicellular and colonial species are included in cyanobacteria. Development of some filamentous colonies 

represents their capability to differentiate into various types of cell-like vegetative cells and normal photosynthetic 

cells. Under bad climatic conditions, there is the formation of some resistant spores like akinetes. Nitrogenase 

enzyme for nitrogen fixation present in heterocysts.  

Cyanobacterial species which form heterocysts plays a very important role by converting atmospheric dinitrogen 

into ammonia and then convert to nitrates with the help of soil microbes and makes available for plant growth. The 

estimate of nitrogen fixation is considerably varying with different environmental conditions. In the paddy field, 

blue-green algae (BGA) can provide 25 to 30% N/ha/season. It also improves the soil properties like porosity and 

water holding capacity. It is also very helpful for the amelioration of salt-affected soils. These cyanobacterial 

species can able to tolerate different stressful conditions like salinity stress, agrochemicals toxicity and desiccation. 

Nitrogen is the most deficient macronutrient in Indian soils and its requirement by the crops is very high. It also 

very mobile in the soil and leaching losses are very high. Biological nitrogen fixation by cyanobacteria is very 

useful to process in returning nitrogen to the soil towards crop production which results in sustainable crop 

production with efficient nitrogen management in soil.  

1.4.1.2 Phosphorus nutrition: 

Phosphate solubilizing bacteria:  

Phosphorus is one of the most important macronutrients which deficiency in soil or plants leads to a huge reduction 

in the crop yield. Phosphorus is most important for energy storage, transfer and bonding. It makes 0.2% of plant 

dry weight. Phosphorus is taken up by the plants in the form of phosphate anions which availability to plants highly 

depends upon soil pH. It requires neutral pH for its availability because if the soil pH is increased then it can fix 

with Ca2+ cation and in the lower pH it will be fixed with Fe3+ and Al3+ cations. In these forms, P is highly 

insoluble and a large portion of soluble inorganic phosphate applied to the soil as chemical fertilizer is immobilized 

rapidly and becomes unavailable to plants. (Goldstein, A.H.,1986). There is a presence of some soil microbes 

which produces organic acid and solubilize the mineral phosphorus. Enzyme i.e. acid phosphatases play a very 

crucial role in mineralization of phosphorus. Phosphate solubilizing bacteria include Pseudomonas and Bacillus 

and among fungi, Penicillium and Aspergillus solubilize the soil phosphorus. Among all of them, Bacillus is most 

important phosphate solubilizer. For example, B. circulans and B. megaterium enhances the plant height and uptake 

of phosphorus in a pea field.   

Phosphate mobilizing bacteria: 

Phosphate mobilizing bacteria helps in mobilization of soluble phosphorus from one place to another place in the 

soil where plant roots are not able to reach. These bacteria enhance the availability of phosphorus to plants. In this 

group of bacteria, Mycorrhiza is most important mobilizer. Mycorrhiza is a symbiotic association between plant 

roots and some fungi. In this symbiosis, fungi get its carbon requirement from the photosynthesis takes place in 

plants and return fungi increases the availability of phosphorus, calcium, copper and zinc for plant and increases 

the plant yield. This is due to the increase in plant root system from Mycorrhizal association. This type of 

association is found in many crops. This fungus has seven genera which form Arbuscular mycorrhizal symbiosis 

with several plants. Genera, for example, Glomus, Acaulospora, Scutellospora, Entrophospora, Archaeospora and 

Paraglomus. In the agricultural soils, it is found that arbuscular mycorrhizal (AM) fungi are present in a higher 

amount which is about 5-50% of the total soil microbes. Hyphal biomass of arbuscular mycorrhizal fungi is found 

to 54-900 kg/ha. AM fungi association with plant roots also increases the water uptake from lower layers of soil 

due to improvement of root hydraulic conductivity. A few proposed mechanisms by which AM fungi also help in 

the activation of plant defence systems include changes in exudation patterns and concomitant changes in 
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mycorrhizosphere populations, increased lignification of cell walls, and competition for space for colonization and 

infection sites. (Kasiamdar et al.,2001).  

Plant Growth Promoting Rhizobacteria (PGPR): 

These are the bacteria which colonize with the plant roots through seed inoculation and increases plant growth and 

development. These rhizobacteria have many beneficial effects on plants which are as follow: 

 These rhizobacteria induce the production of hormones such as IAA, GA3 and cytokinin 

 PGPR also helps in the synthesis of ethylene 

 These rhizobacteria produce some antibiotics which increase the resistance among plants against various 

diseases causing pathogens. 

 Solubilize the nutrients through causing specific ion influx in plant cell 

 They have a very important role in fixation of atmospheric dinitrogen and convert into an available form 

 Improves systemic resistance in plants 

 Solubilize the phosphorus present in the soil 

 Synthesis of siderophores that chelate iron and make it available for the plant growth 

Plant growth-promoting bacteria (PGPB) are associated with various plants and protect them from several diseases 

causing pathogens. Positive results are found both in greenhouse and field condition with this association. Strains 

of Pseudomonas putida and Pseudomonas fluorescens have increased root and shoot elongation in canola, lettuce, 

and tomato; yields in potato, radishes, rice, sugar beet, tomato, lettuce, apple, citrus, beans, ornamental plants and 

wheat. (78,79). Azotobacter inoculation with wheat seeds increases its yield by 30%. Yield increases by 10-20% 

when Azotobacter combines with Bacillus megatarium. 

 

 

Fig.3: Plant Growth Promoting Bacteria 
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1.5 Azospirillum (Associative symbiotic): 

Azospirillum, is one of the most important plant growth promoting rhizobacteria (PGPR) which can be found in 

close association with several grasses and cereals like barley, wheat, maize and pearl millet. It enhances the plant 

growth and development both in greenhouse and field condition, in tropical as well as in temperate conditions. 

There are five species in this genus: A. lipoferum, A. brasilense, A. amazonense, A. halopraeferens and A. irakense.  

Azospirillum is gram-negative nitrogen-fixing bacteria which can well establish itself in the rhizospheric 

environment due to its versatile C and nitrogen metabolism. Molecular nitrogen, amino acids, ammonium, nitrate 

and nitrite are the nitrogen source. Azospirillum also gets converted into the long cyst-like structure under adverse 

climatic conditions. This morphological change is accompanied by the development of an outer coat of 

polysaccharides and by the accumulation of abundant poly-L-hydroxybutyrate granules, which can serve as C-and 

energy source under conditions of stress and starvation (Tal and Okon, 1985; Tal et al.,1990). Azospirillum activity 

is higher when there is the existence of stable environmental and soil condition and give a positive response to 

plant growth and development. This improvement in plant growth is due to biological nitrogen fixation and the 

production of growth hormones. By the inoculation of Azospirillum with the seeds induces changes in root 

morphology of plant due to production of these plant-growth-promoting hormones. Alteration in root morphology 

includes enlargement of lateral roots and root hairs for more extraction of nutrients and water from lower horizons 

of soil. As a result, plant growth is increased leads to good yield production. There are other microaerobically 

bacteria which have been found associated with roots and fix atmospheric nitrogen such as Acetobacter 

diazotrophicus, Herbaspirillum seropedicae and Azoarcus spp with endophytic nature.  

 

1.5.1 Azospirillum natural habitat: 

It is the bacteria which is found in rhizosphere. Its colonization with the roots varies according with different strains 

and having specific mechanism for association with roots. Azospirillum colonization found maximum on root 

surface. But some of the strains also found inside the roots while other colonize in injured root cortical cells. 

According to reports, some strains of Azospirillum colonize inside the root system have been found in the wheat 

crop by using root surface sterilization methods. Monitoring the colonization pattern of A. brasilense Sp245 on 

wheat roots, using a constitutively expressed Escherichia coli gusA gene, it was shown that the sites of primary 

root colonization are the points of lateral root emergence and the root hair zones (Vande Brock et al.,1993). In 

Brazilian wheat cultivar, A. brasilense Sp245 strain was found in root xylem through the utilization of strain-

specific monoclonal antibodies and immunological techniques. Azospirillum has minimal pectinolytic and 

cellulolytic activity and thus difficult for this bacterium to degrade pectin which is an important constituent of the 

primary cell wall. Under these circumstances, Azospirillum enters from intercellular spaces through degradation 

of plant root cell wall middle lamellae with the help of some enzymes. Among all the Azospirillum species, A. 

irakense is only able to grow on pectin as sole C-source. This bacterium can also enter through damaged root hairs 

and cracks. Acetobacter diazotrophicus, Herbaspirillum seropedicae and Azoarcus spp., all are microaerobically 

nitrogen fixers have endophytic habitat. A. diazotrophicus has been also detected as close association with 

sugarcane and sweet potato. It has been also found that A. diazotrophicus can be translocated through the vascular 

system and make its presence in roots, shoots and leaves of sugarcane. A recent classification of nitrogen-fixing 

bacteria which are specifically associated with graminaceous plants into rhizosphere diazotrophs, facultative 

endophytic diazotrophs and obligate endophytic diazotrophs. Facultative endophytic diazotrophs involve 

Azospirillum while A. diazotrophicus, H. seropedicae and Azoarcus includes in obligate endophytic diazotrophs.  

1.5.2 Azospirillum and plant root interaction: 

Favorable soil condition leads to the survival of Azospirillum in soil and only then interaction between bacterium 

and plant root is possible. Plant root exudates serves as carbon and energy source for Azospirillum which induces 

its colonization with roots. Azospirillum and plant root interaction mechanism is not yet fully understood. The 

attempt to isolate plant-inducible bacterial genes of A. brasilense, based on analysis of protein patterns of bacteria 

http://www.jetir.org/


© 2019 JETIR February 2019, Volume 6, Issue 2                                                              www.jetir.org (ISSN-2349-5162) 

JETIREL06061 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 383 
 

grown in the presence and absence of plant root exudates, resulted in the identification of an acidic 40kDa protein, 

SbpA. ChvE protein present in Agrobacterium tumefaciens is very similar to this protein and cause the uptake of 

D-galactose and involved in the chemotaxis of A. brasilense towards D-fucose, L-arabinose and D-galactose. 

Plasmids having size ranges from 4 MDa to over 300 MDa present in different Azospirillum species. A. brasilense 

and A. lipoferum both have plasmid of size is about 90-MDa. The information about the plant root interaction 

contained in these plasmids. Bacterial flagella cause its movement towards the favourable soil and environmental 

condition where it can properly colonize with plant roots and do its functioning of nitrogen fixation and production 

of plant growth hormones like auxin. Furthermore, flagella are designated functions in several attachment 

processes, including several bacteria-plant interactions for better functioning.  

Some in-vitro experiments show that the attachment of Azospirillum with plant roots is a biphasic process. In the 

first step, Azospirillum attaches with plant roots in a rapid, weak and reversible manner as a single cell. In this step 

of adsorption polar flagellum plays a very important role for attachment with plant roots. Several lines of evidence 

suggest the involvement of the polar flagellum in this adsorption phase: A mutant of A. brasilense, lacking both 

polar and lateral flagella, as well as three additional and genetically different mutants, lacking the polar flagellum, 

was shown to be deficient in adsorption to wheat roots; disintegration of the flagella by heat or acid treatments 

eliminates wheat root adsorption by A. brasilense; purified polar flagella of A. brasilense were demonstrated to 

bind to wheat roots, whereas lateral flagella were not. (Croes et al.,1993). Process of attachment shown in this step 

known as adsorption phase. This phase of adsorption is followed by the anchoring phase in which formation of 

bacterial aggregates takes place which strongly irreversibly anchored with plant roots. As soon as this aggregate 

of Azospirilla is formed on plant roots then this is entrapped by fibrillar material. Although the nature of detected 

fibrillar material is not yet properly understood. Production of extracellular polysaccharide has also been reported 

during this aggregation of Azospirillum cells. 

In the case of wheat roots interaction with Azospirillum Wheat germ agglutinin (WGA) acts as a signal molecule 

under this association. This signal molecule causes alteration in the cellular metabolism of A. brasilense Sp245 

and increased the rate of biological nitrogen fixation and synthesis of indole-3-acetic acid. It has been also found 

in A. lipoferum that wheat germ agglutinin (WGA) enhances the nitrogen fixation. These improved results are 

because of more expression of Azospirillum nif genes i.e. nifA and nifH through binding of WGA molecule but 

how this works is not properly known. It cannot be said that Binding of WGA cause a complete alteration in 

bacterial metabolism, of which increased nif expression is a consequence. Various experiments have been 

demonstrated for binding mechanism of WGA with Azospirillum but could not found which structure of cell 

surface of A. brasilense is responsible for the binding of WGA. Some scientists assumed that Azospirillum cell 

wall contains lectin-like protein which is responsible for the colonization of root surface. In A. brasilense, MOMP 

(major outer membrane protein) of about 42kDa is found. It has been observed that under favourable conditions 

required for good growth, outer membrane proteins associated with exopolysaccharides (EPS) which form the 

aggregation and flocculation. Different strains of A. lipoferum such as a motile laccase-negative (4B) and a non-

motile laccase-positive (4T) isolated from the rhizosphere of paddy crop at the same frequency. These two strains 

can efficiently colonize with rice roots but motile laccase-negative (4B) remained dominant. After inoculation of 

rice roots with A. lipoferum 4B, spontaneous stable non-motile laccase-negative forms appeared in high numbers. 

(Alexandre et al.,1996). A. diazotrophicus, H. seropedicae and Azoarcus spp. plant-root interaction are not well 

studied. Type IV pili accompanied by the adhesion of Azoarcus spp. with plant roots. Type IV pili also found in 

the adhesion of few animal and human pathogenic bacteria to eukaryotic cells.   
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1.5.3 Genes which are involved in the nitrogen fixation, ammonium assimilation, ammonium uptake and 

nitrogen regulation: 

Nitrogen fixation: 

Azospirillum is bacteria which can convert atmospheric dinitrogen into available form under microaerobic 

conditions at low nitrogen levels with the help of nitrogenase enzyme. The nitrogenase enzyme is a complex made 

from two components which are dinitrogenase protein (MoFe protein, NiFDK), in which iron and molybdenum as 

a cofactor, is the site of nitrogen reduction and dinitrogenase reductase protein (Fe protein, NifH) which transfer 

electrons from an electron donor to the nitrogenase protein. A. brasilense is a major species in which maximum of 

genetic works have been carried out for nitrogen fixation. nifHDK operon is the gene which can encode both the 

nitrogenase components. For the nitrogenase enzyme complex, nif gene is included in the processing and electron 

transport. Except for the separately transcribed nifA and nifB genes, they all reside in the major 30 kb nif gene 

cluster, containing the nifHDK genes (Liang et al.,1991).  

Ammonium assimilation:  

Azospirillum assimilate ammonium fixed by nitrogenase enzyme through the glutamine synthetase (GS)/glutamate 

synthase (GltS) pathway. In case of A. brasilense for encoding the subunits of glutamate synthase, gltDB gene 

plays very important role. glnA gene encoded the glutamine synthetase pathway. glnA can be cotranscribed 

together with glnB from a c70- or ac54-dependent promoter according to the cellular N-status, or can be expressed 

from its own, as yet unidentified, N-regulated promoter (de Zamaroczy et al.,1993). Glutamate synthase activity is 

controlled in response to ammonium by reversible adenylation. GS is adenylated and inactive in a very significant 

manner where there is a higher amount of nitrogen while deletion of adenylyl groups of GS activates the enzyme 

in those conditions when nitrogen present in very low amount.  

Ammonium uptake:  

When nitrogen present in low amount, Azospirillum uptake small amount of ammonium which shows the existence 

of an ammonium-repressed energy-dependent uptake mechanism. An additional role in re-uptake of small amounts 

of ammonium which might leak out of the cell by NH3 diffusion through the membrane, has been assigned to this 

transport system. Nitrogen regulated ammonium transporter has been encoded by gene found in A. brasilense.  

Nitrogen regulation:  

In enteric bacteria, the global nitrogen regulatory system (ntr) depends on four gene products (GlnD, GlnB, NtrBC) 

and controls the expression of several N-regulated operons, including the nitrogen fixation operon nifLA (143). In 

sensing the nitrogen status of the cell one enzyme uridylyltransferase/uridylyl-removing enzyme (GlnD) plays a 

very important role. Two-component regulatory system is encoded through ntrBC genes. ntrBC genes of A. 

brasilense found to be present away from the glnA gene and are not important for nitrogen fixation, as an ntrC 

mutant does not result in a Nif3 phenotype.  

 

1.6 Effect of iron on plant growth:               

Iron (Fe) is the third most deficient nutrient for plant growth and development due to low solubility of oxidized 

form. Iron plays a very important role in the activation of several enzymes and its deficiency in plants leads to a 

huge reduction in crop yield and quality. In plants, iron is involved in chlorophyll synthesis, maintenance of 

chloroplast structure and function. Iron availability to plants depends upon soil ph. Iron availability for plants is 

high in acidic soil but in alkaline soil iron is deficient. Iron mainly present in the Fe3+ form in aerobic soils and 

constituent of oxyhydroxide polymers with low solubility. This form of iron does not meet the requirement of the 

plant. Symptoms of iron deficiency in plants are indicated through the interveinal chlorosis of upper leaves and 

reduced root growth. The concentration of soluble iron is increased in waterlogged soils at a higher amount due to 
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its low redox potential. As a result, the uptake of iron at a very higher rate which leads to the iron toxicity in plants 

and damage vital cellular constituents by lipid peroxidation.  

Visual symptoms of iron toxicity in plants include coalesced tissue necrosis, acidity and blackening of roots. Fe3+ 

chelate form of iron highly present in soil and plants are not able to absorb it under several physiological conditions 

like high soil pH in alkaline soils. Due to this plant grown under these soil conditions does not develop sufficient 

chlorophyll which leads to chlorosis of leaves, reduced growth and crop yield. But some of the non-graminaceous 

plants developed a special type of mechanism in which plants produces protons, secrete phenolics which results in 

a reduction in Fe3+ form and absorb iron. Once iron is a solubilized, Fe3+ is reduced to Fe by a membrane-bound 

Fe3+ reductase oxidase (Jeong and Connolly, 2009).  

About 80% of iron is present in photosynthetic cells where it plays a major role for the biosynthesis of cytochromes, 

chlorophyll and the construction of Fe-S clusters. In the photosynthetic apparatus, two-three iron atoms present in 

photosystem II (PS- II), twelve atoms in photosystem I (PS- I), five in the cytochrome complex and two in the 

ferredoxin molecule (Varotto et al.,2002). Hence, iron is directly involved in the plant’s photosynthetic activity. 

Iron can donate and accept electrons which leads to catalyze the conversion of hydrogen peroxide into free radicals. 

Free radicals can damage to the plant cells, to protect from these types of damage plants developed a biochemical 

protection mechanism through binding iron atoms to proteins.  

 

1.7 Iron formulation: type, concentration and efficacy: 

Efforts have been made to assess the efficacy of foliar-applied Fe solutions by evaluating the rate of Fe absorption, 

re-greening capacity and its translocation from the site of application (Fernandez et al. 2008; Rios et al. 2016). 

Inorganic iron fertilizers and natural or synthetic Fe chelates can be applied as a foliar spray for curing the iron 

deficiency in plants. Foliar application of iron fertilizers gives very good results as compare to soil application 

because Fe is easily absorbed by the plant leaves through stomata and retain for longer period in plant system. 

According to several reports it has been found that Fe chelates as foliar sprays over inorganic Fe salts gives required 

results due to their high mobility in plants. However, all these studies were performed under varying conditions 

with different concentration and Fe formulations. The response of plants to foliar Fe application varies according 

to plant species. 

The efficiency of exogenous foliar application depends upon the translocation of Fe from the site of application to 

the sink. Translocation of Fe within the plant system is more important than its penetration on leaves for required 

results. Mobility of iron is higher in wheat (Triticum aestivum) and muskmelon (Cucumis melo). In tomato 

(Lycopersicon esculentum), cucumber (Cucumis sativus) and kidney bean (Phaseolus vulgaris), it has been found 

that Fe mobility is very low. There are various studies performed under iron sufficiency conditions and might be 

not favoured for iron-deficient condition, due to changes in properties of physical barriers in iron-deficient plant 

leaves. The response of foliar application of iron does not same for all the crops because it can vary with crop type, 

environmental condition, soil condition, type of Fe fertilizer used and previous iron status of the crop. The 

efficiency of iron formulation must be judged based on its translocation within the plants but not only based on the 

re-greening effect for considering the results. For considering the better Fe formulations it is very important to 

know about the factors which affect their bioavailability to plants. 

1.8 Fe entry through leaf surface: 

Foliar applied Fe crosses the physical barriers to reach the leaf apoplast, and then can deeply penetrate to enter 

various cell organelles (Abadia et al. 2011; Pandey et al. 2013; El-Jendoubi et al.2014). The entry of iron in leaves 

through cuticular cracks, stomata, specialized epidermal structure and can also through the damaged leaf surface.  
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Fig.4 Entry of iron (Fe) into the leaf surface 

1.8.1 Cuticle: 

For the entry of all solution into the leaf, it is the first barrier because of its lipoidal nature. The waxy layer on the 

leaf surface is together formed by cutin waxes and biopolymer matrix. The cuticular and pectin layer help in 

bonding the cuticle with the outer cell wall. For a maximum of the plant species, the cuticular chemical composition 

is not clear which limits the proper knowledge of iron mobility through leaves. According to some literature, it has 

been found that the thickness of cuticle and epidermal cell wall has a very important role in causing the penetration 

of spray solutions. The availability of carbonyl/carboxylic and hydroxyl groups in the cuticle provides negative 

charges which enhance from epicuticular wax to the pectin layer. Due to these negative charges positively charged 

ions like Fe3+ has been diffused which cause its entry to plant system. In the case of the nanoparticles, penetration 

of iron in form FeO. Studies showed that the use of laser light caused microscopic perforations in leaf cuticle, 

thereby enhancing the penetration of foliar formulation into leaf cuticle (Etxeberria et al. 2016). These technologies 

need more validation and development for large-scale application in the field.  

1.8.2 Aqueous and stomatal pores:  

Lipoidal nature of cuticle finds the way for lipophilic solutes by disintegration and diffusion while the development 

of differently charged particles or hydrophilic polar atoms caused by diffusion across the cuticular layer through 

stomatal or aqueous pores. Foliar application of inorganic Fe salts has been speculated to enter the cuticle via 

aqueous pores. Aqueous pores size is changing contingent upon hydration level and movement of water molecules, 

which may frame unbroken water-phase from cuticle to plasma membrane. Mobility of iron solution has been 

found to occur via cuticular aqueous pores and the radii of these aqueous pores were assessed to fall in the range 

of 0.3 and 3 nm. The Van der Waals radii of Fe chelates lie in the range between 0.5-1.3 nm and for FeSO4 it is 

0.2 nm which is equivalent to the size of aqueous pores proposing simple entrance of Fe formulations through the 

cuticular pathway. Since direct evidence for their physical occurrence has not been found (Tanou et al. 2017), there 

is still a need to reveal the chemical structure as well as the biological function of these pores.  
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Fig 5. Fe transportation through phloem loading and unloading 

There is the presence of many methods which are used to found the movement of iron after the solution spray. For 

determining the iron uptake pathway in Prunus leaves, Perls blue staining method has been used which show the 

starting of iron movement from the stomatal area and its movement through the vascular tissues over time. Other 

than this method which is used to compare the Fe-deficient, Fe-recovered and Fe-sufficient leaf by combining two 

methods i.e. LT SEM-EDX (Low-temperature scanning electron microscopy energy dispersive X-ray) and Perls 

blue staining method. In its Fe-sufficient and Fe-recovered chlorotic leaves represents the proper distribution of 

iron throughout the leaves. The intensity of the Fe signal in Fe-chlorotic is lower as compare to Fe-sufficient and 

Fe-recovered chlorotic leaves. Several studies show that the distribution of iron through the plant system is very 

good when it is applied as a foliar spray and reaches successfully to internal tissues including spongy and palisade 

parenchyma and vascular bundles. Other than all these methods, there is a greater need to develop highly sensitive 

staining methods which can track the movement of iron via intracellular spaces such as apoplast and symplast. 

 

 

1.9 Iron chelates: 

Soil and foliar application of iron fertilizers and Fe chelates have been done for many years with different results. 

These variabilities are due to different levels of chlorosis severity and vary with soil type, plant genetics and 

different application rates. Under high deficiency of iron in the plant's application of Fe in the form of chelates is 

a very good option because Fe can retain in the plant system for a longer period for its better growth. Application 

of Fe in the form of chelates shows better results as compared to inorganic fertilizers because of higher solubility 

in water and good translocation in the plants. The chelates are very stable compounds which are represented by 

their effective results. Calcareous soils highly suffer from iron deficiency. To overcome this unavailability chelated 
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iron should be applied to the soil under high doses. But this soil application increases the cost of production for 

farmers which is uneconomical. Hence, various studies have been reported that foliar application of Fe EDTA 

when plants stomata are open enhances the iron absorption in plant leaves which is more economical than soil 

application. But few limitations associated with the iron foliar application are lack of knowledge on leaf mesophyll 

Fe uptake mechanisms and proper understanding of iron penetration, mobility, translocation and bioavailability of 

iron fertilizers used as a foliar spray.  

Polymeric and non-polymeric molecules constituted as iron complexes which are isolated from a various natural 

substance such as amino acids, gluconate, humates, lignosulfonates and citrate. But these iron complexes are not 

properly soluble in nature which limits their use as a foliar application or fertigation. Mainly they will be used 

under mild deficiency symptoms. These complexes of natural origin are not highly stable which reduces their 

efficiency but they are highly recommended for soil-less horticulture. Positive points of these complexes that they 

are natural in origin and cheaper as compare to other iron fertilizers. Due to these reasons, they can be used across 

a broader range of crops at a higher rate. Their negative impact on the environment is negligible which is very high 

in case of inorganic iron fertilizers.  

In synthetic chelates, Fe is bound to the chelating agent which are soluble in a different range of pH values. These 

Fe synthetic chelates are highly effective which makes them quite expensive and generally recommended for high-

value crops. Some chelating agents like polyaminocarboxylate can persist in the soil for a longer period which 

affects the availability of metals and also cause environmental problems. Nonphenolic and phenolic are the 

classifications of synthetic iron chelates with a well-defined structure. Nonphenolic synthetic amino carboxylate 

chelating agents are those chemicals which form stable, strong, water soluble complexes with di- and trivalent 

cations. They are utilized in industrial, nutritional, medical and agricultural applications for reducing the precipitate 

formation, uptake of toxic metals and enhances bioavailability. NTA (Nitrile triacetic acid), EDTA 

(ethylenediaminetetraacetic acid) and DTPA (diethylenetriaminepentaacetic acid) are some major forms of these 

agents. These products are highly recommended as foliar applications and do not gives better results under soil 

application.  

 

 

 

1.10 Effect of foliar application of iron on growth and yield components of crops:        

 The foliar application of mineral nutrients using sprays presents a method of providing nutrients to higher 

plants more competently than methods involving soil application when soil conditions are not suitable for 

Fe availability (Erdal et al.,2004; Kinaci and Gulmezoglu,2007; Babaeian et al.,2011; Borowski and 

Michalek.,2011; Fernandez et al.,2013).  

 Leaf epidermis of plants quickly absorbed the micronutrients when applied as foliar sprays and 

translocation to other plant parts via xylem and phloem. 

 Fe chelates and Fe-salt solutions are used as foliar application and penetrate through the cuticle and stomata. 

 Westfall et al. (1971) reported that iron sulphate alone or in combination with zinc sulphate was the most 

effective in correcting rice seedling chlorosis (90%) grown on calcareous soils of Texas. 

 Channal (1978) reported that foliar application of 0.5% ferric chloride significantly increased the plant 

height, dry matter accumulation, number of green leaves of sunflower in black clay soil. 

 The foliar application of iron (Fe) on okra in the chelated form increased the plant height. 

 Alam et al. (1988) found that application of 2.5 kg Fe/ha with 5kg of Zn /ha increased the wheat grain yield 

by 10.9% and application 10 kg Fe/ha + 2.5 kg B/ha + 5 kg Zn /ha increased the grain yield by 11.3% 

 Hussain et al. (1989) reported that foliar application of Fe in the form of ferrous ammonium citrate at 0.1% 

beside with Zn and B (0.1%) at 30, 60 and 75 DAT resulted in significant improvement in the plant height 

of chilli. 
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 There have been 14% increment in wheat grain when it is applied @ 5 kg Fe/ha and also foliar application 

of Fe, Cu, Zn and Mn enhances the grain and straw yield of wheat. 

 Ziaeian and Malakouti (2001) found that Fe, Mn, Zn and Cu fertilization enhanced the grain yield, straw 

yield, 1000 grain weight and the number of grains per spikelet in calcareous soil and also they have been 

found that there is 20.8% increase in grain yield when Fe is applied @ 20 kg/ha when compare with without 

Fe. 

 According to some literature micronutrients application with 1% urea increases the grain protein, quality 

and yield of protein.  

 A pot experiment was conducted to investigate the influence of two different Fe sources (Fe-EDTA and Fe 

EDDHA) were sprayed on to the leaves and applied to the soil in levels were involved 0, 10, 20 and 30 

ppm, both fertilizers were applied to leaves at two times on lentil plant (Lens esculenta L.). The results 

indicated that there was a significant effect of the combination among two types, concentration, and method 

of Fe application on total dry matter and the concentration of N, P, Ca, Mg, K and Fe in plant (Darwesh, 

2011).  

 Foliar application of Fe (3ppm) increase 30% corn yield and there is also an enhancement in carbohydrate 

content, starch, indole acetic acid and protein of grains. 

 Yadav and Sharma (2018) reported that application of foliar Fe at 35 days had a positive impact on growth, 

yield and tissue concentration of barley plants. It also enriches and improves the quantity of Fe nutrient in 

grain which is also a very important source of the human diet.  

 Yadav and Sharma (2018) also reported that, as compared to control plant height (26.78%, 24.96%, 22.90% 

and 13.48%) flag leaf area (59.15%, 51.21%, 46.69% and 39.65%) and number of tillers /plant (56.65%, 

52.21%, 43.60% and 39.16%) were increased at 35, 45, 55 and 65 days respectively by foliar Fe treatment. 

 Boorboori et al. (2012) reported that increase in the consumption level of Zn, Fe, Cu and Mn whether as 

soil fertilizer or solution spraying increase grain yield, 1000 grain weight and a number of grains per spike 

in barley plant. 

 Singh et al., (2015) reported that treatments of Fe and Zn increased yield and yield parameters of barley. 

Combined treatments of Fe and Zn were more effective than their treatments given individually. Fe 

(20ppm) + Zn (40ppm) was the best application for most yield parameters like flag leaf area, tiller 

number/plant, spike number, spikelet number, spikelet number/plant, awn length, spike length, grain 

number on the main shoot, grain weight of 100 seeds, grain weight/plant, strawweight and harvest index. 

Chelating form of the combination was still more promoting.  

 

Conclusion: 

Barley is an important cereal crop commonly grown in northern plains of India. In India UP, Rajasthan, MP, Bihar, 

Punjab, Haryana, Himachal Pradesh and J&K are the major states for barley cultivation. It is a very hardy crop 

which can survive in saline or alkaline soils and grow well even in the areas where there is low rainfall. In the 

states of Haryana, Western U.P., Punjab and Rajasthan, barley is also grown for malting and brewing purposes. 

Europe is the largest producer of the barley which contributes 60% of the world production while Asia contributes 

15% followed by America which is 13%. In India barley is commonly cultivated for human consumption and 

animal feed. Winter season is the most favourable season for this crop and better grown in northern plains and 

northern hills. Barley is very advantageous crop due to its dual utilization that is green fodder and grain for animal 

fodder/feed purposes. The economical and biological yield of barley crop can be increased by an integrated 

approach through the balanced application of chemical fertilizers and organic form of nutrients for maintaining 

sustainability in agriculture production.  Due to the continuous application of inorganic fertilizers to the soil reduces 

the soil health and long-term soil fertility and also reduce the microbial activity of soil. Microbes are very important 

for maintaining soil health and for mineralization of unavailable form of nutrients to available form. Under these 

situations’ bio-fertilizers play very important role which contain strains of some specific microorganisms for 

fixation of atmospheric dinitrogen into available form through the utilization of a particular enzyme nitrogenase 
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complex. These are the products which have low-cost inputs with more benefits for crop production. They also 

produce growth-promoting hormones like indole 3-acetic acid and auxin and also provide some resistance against 

disease-causing microorganisms. Biofertilizers are classified into nitrogen-fixing bio-fertilizer (NFB) and 

phosphorus solubilizing bio-fertilizer (PSB). NFB fix the atmospheric nitrogen and make it available for plant 

growth while PSB makes solubilization or mobilization of fixed phosphorus into phosphorus available to plants. 

Azospirillum is one of the most important associative nitrogen-fixing bio-fertilizer which is generally 

recommended for the cereal crops like barley, wheat, oats and corn. Role of Azospirillum is to fix 20-40 kg N/ha, 

increase mineral and water uptake, root development of crops and increase vegetative growth. According to several 

experimental data, it has been found that the mechanism involved in the association process of Azospirillum with 

plant roots is not properly understood. This is generally due to the absence of specific plant phenotype which 

represents the clear interaction which makes a direct screening of more numbers of mutants not feasible. There are 

various genes which are involved in the association of Azospirillum with plant roots. Genes which are found to be 

accompanied in chemotaxis, motility, production of polysaccharide, biological nitrogen fixation and synthesis of 

indole 3-acetic acid. By the inoculation of Azospirillum with the seeds induces changes in root morphology of 

plant due to production of these plant-growth-promoting hormones. Alteration in root morphology includes 

enlargement of lateral roots and root hairs for more extraction of nutrients and water from lower horizons of soil. 

For the biological nitrogen fixation nitrogenase, enzyme plays a very important role in which Fe and Mo serve as 

cofactor and important for the enzyme activity. But due to the continuous application of macronutrient fertilizers 

leads to the deficiency of micronutrients in the soil. Hence their exogenous application to meet the crop requirement 

is very important. For the micronutrient availability to crops, soil pH has a very important role to play. In alkaline 

soils, iron is deficient and there is not enough Fe to meet the crop requirement. Therefore, foliar application of iron 

provides very beneficial results to the crops. Iron plays a very important role in the activation of several enzymes 

and its deficiency in plants leads to a huge reduction in crop yield and quality. In plants, iron is involved in 

chlorophyll synthesis, maintenance of chloroplast structure and function. Inorganic iron fertilizers and natural or 

synthetic Fe chelates can be applied as a foliar spray for curing the iron deficiency in plants. Foliar application of 

iron fertilizers gives very good results as compare to soil application because Fe is easily absorbed by the plant 

leaves through stomata and retain for a longer period in plant system. Foliar application of iron increases the 

growth, yield and tissue concentration of barley plants. It also improves the quantity of Fe in the grain. Hence 

Azospirillum inoculation with seeds and proper application of iron to the crops increases the crop yield and net 

return to the farmers. The integrated approach by combining nitrogenous fertilizers and bio-fertilizer increases the 

sustainability in crop production and maintain soil health.            
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