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ABSTRACT 

 

Soil-dwelling microorganisms are diverse, and interactions with plants vary with respect to 

environmental heterogeneity, latitude and altitude. At high altitude the microbes have to cope 

with many environmental and climatic stresses hence develop adaptive mechanisms to 

withstand the calamities of the environment. The present investigation was carried out to 

investigate the altitudinal effects on the Plant Growth Promoting Rhizobacteria (PGPR) 

isolated from rhizosphere soil of wheat and maize grown at two altitudes i.e. Kahuta (1666 

m.a.s.l) and Narh (2400 m.a.s.l) of potohar region. The Plant growth Promoting 

Rhizobacteria (PGPR) were identified on the basis of colony morphology and 

carbon/nitrogen source utilization pattern determined by QTS (Quick Test System), 

phytohormone production and 16S rRNA sequence analysis and were found to belong to 

Rhizobium, Azospirillum and Pseudomonas spp. The Azospirillum was also isolated from the 

roots of wheat and maize grown at two altitudes. The analysis of rhizospheric soil of both the 

altitudes revealed that the soil of Narh (2400 m.a.s.l) was comparatively acidic in nature and 

exhibited higher concentration of metals as compared to the soil of Kahuta (1666 m.a.s.l). 

The microbial isolates of the high altitude of Narh have shown less utilization of C/N 

(Carbon/Nitrogen) sources than the isolates of low altitude of Kahuta. The isolates of low 

altitude have shown higher survival efficiency and greater production of phytohormones .The 

PGPR from low altitude were more efficient in the production of growth promoting 

phytohormones (gibberellic acid & Indole -3-Acetic Acid) but the content of stress hormone, 

Abscisic Acid (ABA) of the isolates of high altitude was significantly higher than that of the 

isolates of low altitude. Rhizobium was used as bio-inoculant on the mungbean grown in pots 

under axenic condition in green house while Azospirillum and phosphorus solubilizing 

bacteria (PSB) isolates were used to inoculate maize. The roots and leaves of the inoculated 

plants showed greater production of gibberellic acid and Indole-3Acetic Acid. The 

Azospirillum isolated from roots and rhizospheric soil of low altitude has shown higher 

content of gibberellic acid & Indole-3Acetic Acid than the Rhizobium and phosphorus 

solubilizing bacteria (PSB). On the other hand the Abscisic Acid (ABA) content of leaves 

and roots of the plants inoculated with the isolates of high altitude of Narh was significantly 
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higher. The amount of phytohormones production was greater in Azospirillum than that of the 

other two isolates. The growth promoting effects of the three PGPR isolates with respect to 

root and shoot growth of maize and mungbean were significantly higher than that from higher 

altitude. The isolates from higher altitude on the contrary, have great potential to tolerate the 

heavy metal stress and showed higher resistance to antibiotics. Diversity of PGPR varied at 

two altitudes. In the rhizospheric soil of wheat grown at Kahuta two more PGPR, 

Oceanobacillus profundus and Bacillus cereus were indentified while those from Narh were 

Bacillus sp. TSAWB and Alcaligenes sp. It is inferred that microbes isolated from the 

rhizosphere of wheat and maize grown at low altitude of Kahuta can be used as inocula for 

crop improvement and higher yield in future while the microbes of high altitude of Narh can 

be used as bio-inoculant in the stressed condition as they can thrive better in stressful 

environment.  
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INTRODUCTION AND REVIEW OF LITERATURE 

The altitudinal variation is associated with variation in a number of environmental factors, 

such as water precipitation, light intensity, wind exposure, air temperature, partial CO2 

pressure, soil fertility, ozone density, oxidizing air pollutants, UV-B radiation, etc. These 

factors collectively exert a pressure on plants which results in the remarkable changes in the 

morphology, anatomy and physiology and subsequently productivity is affected. The 

altitudinal differences crucially influence the climatic variations. At lower altitudes (2,500 m) 

the variations in seasonal temperatures, precipitation is observed. The areas above than 3,300 

are very cold and have limited growing season where frost is a crucial factor. Ecological 

niche has many microhabitats, each of which comprising upon microscopic diversity which 

includes bacteria, nematodes and fungi whereas the macroscopic diversity includes plants and 

insects.  Soil is a complex medium containing many kinds of microbial communities. The 

microbial diversity or communities present in soil depend on the physical and chemical 

properties and composition of soil. As the altitude is increased it results a marked decrease in 

plant height  (Kofidis et al., 2003) Plant growth is affected by the microbial activity in the 

rhizosphere .The microorganisms carry out many activities like production of plant-growth 

regulating hormones and enzymes and affect the plant root morphology and physiology, 

nutrient availability and bio-chemical reactions. PGPR interact with root surfaces, use the 

root exudates for growth, synthesize amino-acids and vitamins and establish effective root 

colonization. (Lugtenberg and Dekkers, 1999) 

The heavy metals accumulation into soil affects the microbial activity and soil fertility is also 

affected. Eventually, the metals accumulate in the soil in higher concentrations and 

translocate to the plants which can be badly affected (Ahmed et al., 2008). Normally heavy 

metals persist in the environment for indefinite period and biologically not degraded (Khan et 

al., 2009). It is also a fact that heavy metals in higher concentrations can even be toxic for 

metal-accumulating and metal-tolerant plants (Jing et al., 2007). Few metals like, copper, 

zinc, chromium and nickel are considered suitable micronutrients for microbes, animals and 

plants (Olson et al., 2001)  

Metal ions in higher concentrations may hinder the metabolism of the microbes and their 

population can be inhibited completely. Some microorganisms are able to resist or tolerate 

the higher concentration of metals. The trend to exist at higher metal levels has been observed 
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in number of organisms surviving in rhizosphere (Lakzian et al., 2002). These mechanisms 

may be intrinsic or induced (Giller et al., 1998).   

Many defense systems help the organisms to carry out metabolic activities in the elevated 

levels of metal environments. To explore these microbial abilities to remediate the sites 

contaminated with heavy metals is an effective alternative for bioremediation (Lovley and 

Coates, 1997; Lloyd and Lovley, 2001). Thus proper management of the microbes in the 

rhizospheric environments, by using as inoculants, containing a spectrum of PGPR, can help 

plants thrive better so as to restore the ecosystem (Khan, 2004). These microbes can be 

indigenously surviving in a polluted site (intrinsic bioremediation) or can be recovered from 

somewhere else and afterward inoculated to the polluted sites (Whiting et al., 2001; Abou-

Shanab et al., 2003). The way by which plant growth promoting rhizobacteria affect growth 

of plants may be, inhibition of disease causing organisms by chelating the iron or to produce 

antibiotics (Burr and Caesar 1984, Kloepper et al. 1991).Specific soil microorganisms bring 

about major transformations by different pathways centered upon carbon, nitrogen 

phosphorous, sulfur, iron, manganese and other minerals (Kulkarni and Nautiyal, 1999; 

Whitelaw, 2000) 

Microbial diversity is regarded as very important for maintenance of sustainable agriculture 

production system however; the linkage between the diversity of microbes and ecosystem 

processes is still not well understood (Stark, 2007). With the aim to develop microbial 

inoculant effective for field application a, systemic probe indicated the dominance of the 

Bacillus megaterum, B. subtilis, Pseudomonas corrugate which were considered potential 

inoculants for application in mountains. (Joshi & Bhatt 2011) Ryu et al.,  (2004) reported the 

vital role of plant growth promoting rhizobacteria (PGPR) to protect and promote the growth 

of crop and to improve the soil fertility. Well familiar plat growth promoting rhizobacteria 

like Rhizobium, Azospirillum and Pseudomonas, produce bioactive metabolites. The 

fundamental action of bio-control by plat growth promoting rhizobacteria is to produce 

antibiotics. Plant growth promoting rhizobacteria directly or indirectly affect the plant growth 

and health. The mechanisms which directly affect the plant growth are, P-solubilization, 

improvement of other plant nutrients uptake and phytohormone production like indole-3-

acetic acid. Bacteria facilitate the abundance of nutrients in the rhizosphere and benefit the 

plant growth. (Gray and Smith, 2005) Bacteria can intercept with the substances released by 

the roots so the exudates of roots like amino-acids and carbohydrates help in stimulating plant 

growth promoting bacteria chemo-taxis on root surface. (Somers et al., 2004). Soil 
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microorganisms affect the plant growth by increasing the Phosphorous solubilization and by 

producing bacterial phytohormones in the roots. (Hernandez et  al., 2001). 

RHIZOBIA  

Interaction with wheat, maize, mungbean 

Rhizobium has a crucial position in agriculture in terms of induction of root nodules which fix 

nitrogen on the roots of many leguminous crops (Downie. 2007)  

Gupta et al., (1998) reported the interaction of Bradyrhizobium sp. and rhizospheric bacteria 

on mungbean. Felix (2003) reported that rhizobia (species of Rhizobium, Bradyrhizobium Azo 

Rhizobium, Allo Rhizobium, Sino Rhizobium and Meso Rhizobium) are responsible for 

production of chemicals, phytohormones which affect plants growth, When present in soil, 

are involved in the  promotion of growth hence,  increasing the yield of  leguminous and non-

leguminous crops, by accelerating the rate of photosynthesis. Bradyrhizobium inoculation in 

Parasponia andersonii, resulted in formation of effective nodules (Davey et al., 1993) Yani 

et al,. (1991) reported that inoculation of Rhizobium greatly enhanced nodule number and 

weight. Swaine (2006) suggested that the growth of rhizobia at high altitude needs the 

production of many polyols or amino compounds, for which considerable amount of energy 

is needed, which lead to increase in specific respiration rates and heat production. Both of 

these responses are linked with reduced growth efficiency of rhizobia at high altitude. The 

ability of Rhizobium to survive at high altitude has been observed by many researchers by 

determining colony forming ability (viable cell count) on agar plates (Matt et al., 1989). At 

high altitude drought is an important environmental factor that affects rhizobial survival 

efficiency (Athar & Johnson, 1997; Serraj et al., 1999). Swedrzynska & Sawicka, (2001) 

reported that the rate of plant growth metabolic activities of rhizobacteria is affected by the 

root exudates. Many researchers have proved through the experiments the capability of 

Rhizobium to incorporate in roots of non-leguminous crops and its localization in the internal 

tissues (Spencer et al., 1994). 

Arshad & Frankenberger, (1998), Patten and  Glick, (1996)  reported that more than 80% of 

Rhizobia recovered from rhizospheric soil produce IAA by having tryptophan through root 

exudates or through proteins released by dead bacterial cells. 

Yani et al., (2001) recorded IAA & GA production by Rhizobium endophyte of rice and 
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stimulation of IAA production by cultivation of the endophytic bacteria in culture containing 

rice root exudates.  In addition to rice, rhizobia had been  recovered  from root as natural 

endophytes  from non-leguminous crops like, sweet corn, cotton (Mc Inroy and Kloepper, 

1995), wheat (Biederbeck et al., 2000) and canola (Lupwayi et al., 2000) Rhizobia produce 

various metabolites and hormones like gibberellins auxins, Abscisic acid, cytokinins, 

riboflavin and vitamins, they promote plant growth by releasing into the crop system, 

increase plant height and eventually yield is increased (Phillips and Torrey, 1970;  Dakora, 

2003). Marked   differences were recorded in the value of colony count of Rhizobium and 

Azospirillum recovered from roots and rhizospheric soil of plants growing at high altitude as 

compared to those of low altitude (irrigated conditions). (Franson et al., 1991). Rhizobia are 

responsible to protect the plants from pathogens and promote plants growth (Dakora, 2003) 

PLANT GROWTH PROMOTING RHIZOBACTERIA 

Interaction with wheat and maize  

Bacteria of the genus Azospirillum are associated with plants in the rhizospheres. This 

association tends to the enhancement of production under suitable conditions. Such increment 

is a result of an improved development of roots. Rate of water and minerals uptake by roots is 

increased and somehow biological nitrogen fixation is also increased. Azospirillum 

synthesizes phytohormones which enhance respiration rate of host plant, metabolic activities 

and proliferation of roots thereby increasing the rate of water and mineral uptake by the 

plants (Okon et al., 1999). Azospirillum is a diazotroph, which is known to infect many 

cereals including sorghum, maize, and wheat (Dobereiner and Boddey, 1981; Reynders and 

Vlassak, 1982; Kapulnik et al., 1983; Pacovsky et al., 1985; Christansen and 

Vanderleyden,1993, Fik and Okon, 1996, Mallik et al., 1997; Weber et al., 1999; Dobbelaere 

et al., 2001) 

Beneficial PGPR are found in the rhizospheric soil and involved in plant growth promotion 

(Fernandez-Aunion et al., 2010). Plant growth promoting rhizobacteria are defined as root 

colonizing bacteria which are directly or indirectly beneficial for plant’s development and are 

dependable elements to manage and sustain agriculture systems.  (Louise2004). The crops 

which respond to Azospirillum are maize, barley, oats and other crops (Tilak, 1993; Tilak and 

Saxena, 1996; Saxena and Tilak, 1998). Plant growth promoting rhizobacteria enhance water 

using efficiency, fresh and dry weight of plants (Mayak et al,. 2004) and make the plants 
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more tolerant to salt stress by stimulating antioxidant status. (Han and Lee, 2005)  PGPR 

secrete many growth regulators like, Indol-3-Acetic Acid, gibberellic acid, zeatin and 

Abscisic Acid (Perrig et al,. 2007). Molla et al, (2001) reported that Azospirillum inoculation 

resulted significant increase in number of roots, length of roots, total length of roots, roots dry 

matter, development of root hair and dry matter of shoots. Fresh weight and nodule 

development of inoculated plants were positively affected.  The Inoculated seedlings had 

exhibited greater plant height and stem width as compared to control (Muthukumar et al., 

2001).The increase in the height of inoculated plants  was due to the stimulatory effects of 

microbes to induce growth regulators i.e., IAA and GA (Rabie, 1996), Wall (2000). 

Camacho, (2001)) suggested that plant hormones stimulate root development and 

subsequently enhance absorption capacity of water and nutrients leading to promote plant 

growth. Azospirillum applications increased grain productivity of cereals by 5-20 %, plant 

growth promoting rhizobacteria shown to have agronomical implications (Lata et al., 2002; 

Tilak et al., 2003). Plants inoculated with Azospirilum brasilense, exhibited greater increase 

in ionic uptake of nitrate, potassium, and hydrogen phosphate in wheat, corn, sorghum,  and 

setaria (Lin et al.,1983; Okon and Kapulnik, 1986; Murty and Ladha, 1988; Zavalin et al., 

1998; Saubidet et al., 2000), leading to higher crop yields. An IAA producing PGPR was 

isolated from Kallar grass (Leptochloa fusca (L) Krunth) of salt affected soil of Pakistan and 

reported to have growth promoting effects on rice (Mirza et al,. 2006) The amount of IAA 

and GA produced by the Azospirillum of low altitude was greater than that of high altitude, 

which is reflected from the greater plant height and root length exhibited by the inoculated 

plants. (Bianca, 2001) An enhancement of root growth due to the production of growth 

promoting hormones resulted in higher efficiency of mineral uptake in inoculated treatments 

(Okon & Vanderleyden, 1997). 

Higher concentrations of salt ions: Mg, HCO3, Cl, Na, K+ were reported in rhizosphere of salt 

tolerant plants (Liangpeng et al,. 2007). Increase in the concentration of salt (at high altitude) 

resulted in the decrease of colony count (Zahran , 1999,  Bano and Fatima 2009). PGPR 

strains are capable of producing IAA with or without tryptophan supplement in culture media 

((Horemans and Vlassak, 1985; Fallik and Okon: 1989; Mehnaz et al., 2001; Fatima et al., 

2009) 

Elazar and Okon (2002) reported that the optimal concentration of Azospirillum inoculum 

significantly increased root surface area of the inoculated plants .There were interactions 
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among PGPR, kinetin and one month after planting, both PGPR and kinetin increased plant 

growth (Pan et al., 1999)   

Maarten et al,.  (1998) reported that Bacillus cereus exerted positive effects on growth of 

wheat seedling in terms of root weight, shoot weight and shoot length. Cohen et al,. (2007) 

concluded that PGPR surviving in the stressed environment produce greater content of stress 

hormone ABA. Besides indigenous rhizobia, other rhizospheric microorganisms contribute to 

the competitive success of an inoculant strain (Saxena et al., 1997). Azospirillum living in 

association with plants produces plant growth promoting phytohormones, antibacterial, 

antifungal substances and positively affects morphology of roots and hence promote plant 

growth and yield (Tilak and Annapurnma, 1993). 

Inoculation with plant growth promoting rhizobacteria resulted an increase in shoot fresh 

weight of wheat by 16.2%-53.8% over control and increased plant height by 2.2%-24.6% and 

1.9%-36.8% (Ramazan et al., 2007). Wani (1990) described that plants inoculated with 

Azospirillum efficiently assimilated the mineral’s nutrients (nitrogen, Phosphorus, potassium, 

iron etc.) and water and proved comparatively resistant to pathogens  

PHOSPHORUS SOLUBILIZING BACTERIA 

Interaction with wheat, maize, mungbean 

Pseudomonas sp. have received great importance as plant growth promoting rhizobacteria 

owing their positive growth promoting effects on plants, demonstrated nitrogenase activity 

and efficiently solubilized Phosphorus. Wheat plants inoculated with PSB produced higher 

content of IAA and eventually the growth was increased (Ramazan et al., 2007) 

Soil microorganisms have enormous potential to provide soil phosphates to improve plant 

growth. Phosphorus bio-fertilizers in the form of microorganisms can help in increasing the 

availability of accumulated phosphates for plant growth by solubilization (Goldstein, 1986; 

Gyaneshwar et al., 2002). Afzal & Bano, (2008).reported that rhizobia can interact with non 

legumes as phosphate solubilizer, and hormone producer Egamberdiyeva et al., (2004) 

suggested that PSB were involved in mobilization of Phosphorus in plants, subsequently the 

growth was improved. Many rhizobacteria release chelating organic acids which help in 

solubilization of soluble phosphate, (Kucey et al., 1989; Whitelaw, 2000; Richardson, 2001; 

Vessey et al., 2004).  



22 
 

Yani et al., (2001) reported IAA & GA production by Rhizobium endophyte of rice and 

stimulation of IAA production by cultivation of the endophytic bacteria in culture containing 

rice root exudates.  The microorganisms involved in Phosphorus-solubilization can enhance 

plant growth by enhancing the availability of other trace elements and by production of plant 

growth promoting substances (Gyaneshwar et al., 2002). (Shah (2001) reported that bacterial 

inoculation to soybean plants increased the Phosphorus utilization capacity which 

subsequently increased yield of crop. Inoculation of Pseudomonas  to wheat plants resulted 

significant increase in dry weight of roots. (Walley and Germida 1997) Bacillus strains 

increased dry weight of roots and shoots, nutrient uptake, including nitrogen by the 

inoculated plants. (Canbolat et al. 2006), different plant growth promoting mechanisms, such 

as nitrogen fixation (Coelho et al. 2003), Phosphorus solubilization (de Freitas et al. 1997) 

production of antibiotics (Rosado and Seldin 1993), phytohormone production (Timmusk et 

al. 1999 ; Gutierrez Manero et al. 2001), and increment in growth of roots and shoots (Sudha 

et al. 1999). PSB inoculation proved beneficial for growth of barley and chick pea plants 

(Rodriguez and Barraeco, 2002). A Phosphorus-solubilizing Rhizobium leguminosarum has 

been shown to increase the growth of maize and lettuce (Chabot et al., 1996). Plants 

inoculated with four PGPB recovered from rhizospheric soil of wheat and barley affected the 

dissolution of Phosphorus thereby significantly increasing the availability of phosphates thus 

the plant growth was increased significantly (Mustafa et al., 2005).  This is a well known fact 

that microbial population in the ecosystem has a very crucial role (Giri et al., 2005). (Farah et 

al., 2006) reported that strains of putative nitrogen fixing bacteria and other plant growth 

promoting bacteria brought about significant increase in growth and yield as compared to that 

of the un-inoculated plants and proved to be compatible with Rhizobium when used as co-

inoculant. PSB inoculation accelerated Phosphorus utilization and increased the yields to 

confirm that phosphate solubilizing bacteria are capable of Phosphorus solubilization and 

mobilization in plants. (Rogers,  1993). Egambardieva and Kucharova (2009) reported the 

positive role of Pseudomonas sp. which can survive and tolerate up to 5% NaCl and have 

been observed to produce more ABA and induce salt tolerance in wheat when used as 

inoculant. Inoculation of Oceanobacillus profundus improved growth parameters and 

endogenous osmolytes accumulation of plants under salt stress compared to un-inoculated 

control plants (Aisha and Anjum 2011) 
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Aims and Objectives 

 

The survival efficiency, the diversity and the growth/ physiology of both the plants and microbes are 

affected at high altitude. The microbes growing under harsh conditions prevalent at high altitude when 

used as bio- inoculant have been hypothesized to impart tolerance to plant exposed to stresses,  

1 The aim of the present study was the isolation of the plant growth promoting rhizobacteria (PGPR) 

from rhizosphere soil and roots of wheat and maize (at vegetative growth stage) grown at Kahuta 

(1600 m.a.s.l) and Narh (2400 m.a.s.l).  

2 Isolation of PSB from the rhizospheric soil and PGPR from both the rhizosphere soil and roots of 

wheat and maize grown at two altitudes i.e.1666 m.a.s.l. (Kahuta) and 2400 m.a.s.l. (Narh) and 

subsequent identification of the isolates on the basis of ,morphological characteristics, biochemical 

and molecular tests, polymerase chain reaction (PCR) and 16S rRNA sequence analysis. 

3 To evaluate the growth promoting efficiency of the isolated microbes as inoculant on mungbean (in 

case of Rhizobium) and maize (PSB and Azospirillum) with respect to phytohormone production and 

plant growth.  

4 To observe the differences in their survival efficiency, physiological and biochemical characteristics 

on the basis of phosphorus solubilization, phytohormone production, heavy metal tolerance and 

antibiotic resistance.  
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MATERIALS AND METHODS 

The Kahuta is lying at an altitude of 1666 meter having latitude of 33° 34' 60N and 73° 22' 

60E. The annual rainfall varies from 800 to 1000 mm per year. Whereas Narh is lying at an 

altitude of 2400 meter, latitude of 35° 21' 0N and 75° 49' 60E. The rainfall is erratic in this 

vicinity. The soils are calcareous in nature having been developed from sand stone and shale 

parent material which varies from moderately coarse to moderately fine in texture having 

more silt and sand than clay content. Thus the soil fertility is quite low.  These sites are 

located at a distance of 42 and 80 km from Islamabad respectively. 

Rhizospheric soil and root of wheat and maize (to a depth of 15 cm) were collected from 

plain area of Kahuta (1666 m.a.s.l) and hilly area of Narh (2400 m.a.s.l). The sampling was 

done during the vegetative growth stage. The intact plants were uprooted along with their 

roots and roots were gently removed and washed carefully so as to remove the soil particles 

completely.  

Isolation of Rhizobium, Azospirillum and Phosphorus Solubilizing Bacteria 

(PSB) from rhizospheric soil 

Rhizospheric soil (10g) was suspended in of double distilled water (90 mL) and decimal 

dilutions were made. For isolation of rhizobial isolates, (100 μL aliquot) from the dilutions 

(10-1, 10-5 & 10-10) were inoculated on yeast manitol agar medium in Petri plates. The 

rhizobial colonies so obtained were counted to measure cfu mL -1    

For isolation of Azospirillum 100 μL from three dilutions (10-1, 10-5 & 10-10) was inoculated 

on vials containing nitrogen free medium (NFM) in Mc Cartany’s vials which were incubated 

for 48 h at 30 oC. These viable vials were subsequently utilized to inoculate the Lauria 

Beratni (LB) plates so as to have pure colonies. The colonies so obtained were then 

transferred to liquid broth (LB) and also on agar plates for subsequent procedure  

Isolation of Azospirillum from roots 

Surface sterilization of the roots (1g) was done with 0.1 % HgCl2 for 1-2 minutes and 

subsequently washed 5-6 times with sterilized water. 1g of surface sterilized root was then 

crushed and decimal dilutions (10 X) were made,100 μL from these dilutions was taken and 

inoculated on 5mL of nitrogen-free semi solid Combined Carbon Medium (CCM; Rennie, 

1981).  
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The malic acid (5 g L-1) was added as an additional source and Nitrogen Free Malate 

medium (NFM; Okon et al., 1977) .The inoculated vials were then incubated for 48h at 30oC. 

The vials were further diluted to 10 -10. The vials containing bacterial colonies were used to 

inoculate Luria Beratni (LB; Miller, 1972) agar plates to obtain pure colonies of Azospirillum 

species. 

 

Isolation of PSB from rhizosphere soil  

Rhizospheric soil (10 g) was taken and suspended in of sterilized water (90 mL) to make 

decimal dilutions. For isolation of PSB isolates 100 μL aliquot from the dilutions (10-1, 10-5 

& 10-10) were inoculated on Pikovskaya's media in Petri plates. The bacterial colonies so 

obtained were counted to measure cfu mL -1    

Viable cell count method 

An original broth culture viable cell per mL was calculated as suggested by James (1987) 

 Viable cell count (CFU mL-1) = (number of colonies × dilution factor/volume of inoculum). 

 

Colony and cell morphology 

Bacterial isolates were adjudged on the basis of colony, cell morphology and biochemical 

tests (Holt et al., 1994). Isolated strain of PGPR Luria Bertani (LB) (Miller, 1972) broth was 

spreaded over the agar plates of the medium. The morphology of the colonies (color & shape) 

was observed after 24 h to judge the cell motility and shape. From the agar plates single 

colonies were shifted on glass slide with a drop of sterile water and observed under light 

microscope (Nikon, Japan). 

Gram Staining 

The slides of purified cultures of all three microbes i.e. Rhizobium, Azospirillum and PSB 

were prepared to observe them under light microscope following the Vincent’s method 

(1970). A drop of microbial culture was taken and thin smear was made on glass slides. The 

smear was then air-dried, heat fixed, stained with crystal violet for one minute and gently 

washed with distilled water. After that the smear was flooded with iodine solution for one 

minute and decolorized with 95 % ethanol for one minute. Second washing of smear was 

done with distilled water and counterstained with safranin and subsequently washed with 

distilled water again, air- dried and observed under light microscope (Nikon, Japan) at 100 × 

magnification using oil immersion.  
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Oxidase test 

Oxidase test was made using the technique of Steel (1961) so as to determine the presence of 

oxidase enzyme in microbial strains. 

Catalase test   

Catalase test was conducted following the method as suggested by Mac Faddin (1980) to 

confirm the presence of catalase enzyme in bacterial colonies. 

QTS 24 - Miniaturized identification system  

The physiological and biochemical tests were conducted using QTS 24 miniaturized 

identification system (DESTO Laboratories Karachi, Pakistan) using the method of Mac 

Faddin (1980). 

Statistical analysis  

The statistical analysis of data was made by using the technique of analysis of variance and 

comparison among means as suggested by Duncan’s Multiple Range Test (DMRT) using 

MSTAT-C version 1.4.2 

Detection of plant growth hormones IAA, GA & ABA) produced by 

Rhizobium, Azospirillum & PSB  

 Analysis of isolated strains of three microbes was done to detect Gibberellic Acid (GA), 

Indole-3- Acetic Acid (IAA), and Abscisic Acid (ABA) production in cell free culture. The 

isolated strains of Rhizobium and Azospirillum were grown in Yeast Manitol broth and in 

Nitrogen free liquid medium respectively and that of PSB were grown in Pikovskaya’s 

medium. and tryptophan (100mg/L) and Ammonium chloride (1.0g/L) were added into 

nitrogen free medium while tryptophan alone was added to yeast manitol medium which acts 

as precursor for IAA biosynthesis. Microbial culture (72h- old) of Rhizobium, Azospirillum and 

PSB were inoculated to their respective media and were placed in a shaker (80rpm) and were 

harvested after one week by centrifugation at 10,000 rpm for 15 minutes. The supernatant 

was used for extraction of growth hormones excreted in growth medium. The pH of cell free 

culture media was adjusted to 2.8 with 1N HCL. Phytohormones were extracted with equal 

volumes of ethyl acetate by following the procedure as described by Tien et al,. (1979).The 

extract so obtained was evaporated and dried and the residue was dissolved in 1.0 ml of pure 

methanol .The samples were then analyzed on High Performance Liquid Chromatography 
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(HPLC) (Agilent 1100) using UV detector and C18 column (39×300 mm). For detection of 

phytohormones 100μL sample filtered through 0.45 Millipore filter was injected into column. 

Pure IAA, GA & ABA (Sigma, USA) were used as standard to identify and measure the 

quantity of microbial hormones. The identification of said phytohormones was made on the 

basis of retention time and peak area of the standard. Water, acetic acid and methanol (70:1: 

29) had been used as mobile phase. Adjustment of flow rate was maintained at 0.5 ml/min 

and average run time was adjusted to15 min/sample. For detection of IAA the wavelength 

was adjusted at 280nm (Sarwar et al,. 1992) whereas it was adjusted at 254 nm for GA (Li et 

al,. 1994). For ABA the injected sample was eluted with 0.1% acetic acid and methanol (30-

70 % methanol, linear gradient over 30 min) at 254nm wavelength. 

DNA Extraction 

DNA extraction of PGPR isolates was conducted using the method of Chen and Kuo (1993). 

Streaking of the culture strains of PGPR was done on TY, LB and Pikovskaya's media plates 

respectively and grown in incubator (incubation made at 30 oC for Rhizobium, 35oC for 

Azospirillum and 35 oC for PSB). From these plates’ inoculation of single colonies of isolates 

was made into test tubes containing TY, LB and Pikovskaya's broth media respectively to be 

grown in shaker overnight (Excella E24, New Brunswick Scientific USA) at 80rpm. 

Extraction of DNA was made from culture (1.5 ml) which was harvested after centrifuged for 

3 minutes at 12,000 rpm. Re-suspension of the cell pellet was done and lysed in 200µl of 

lysis buffer (40mM Tris-acetate pH 7.8, 20mM sodium acetate, 0.5mM EDTA, 1%SDS) by 

aggressive pipetation and 65µl of 5M NaCl solution was added and mixed well in order to 

remove cell debris and protein. The centrifugation of viscous mixture was made at 12,000 

rpm; temperature was maintained at 40 0C for 10 min. A clear supernatant was transferred to 

a new vial. After addition of chloroform (equal volume) the tube was carefully inverted so 

many time times until a milky solution was prepared which was centrifuged for 3 min. at 

12,000 rpm, and the resultant supernatant was shifted to a new vial.  The precipitation of 

DNA resulted with 100% EtOH. After giving two washings with 70 % EtOH it was  re-

dissolved in 50µl strrilized water, DNA (5µl of each) was taken and mixed with 6x loading 

dye (2µl) and then loaded into 1% agarose gel stained with ethedium bromide (0.01g/ml) and 

run at 100 volts. UV transilluminator lamp was used to observe the bands after 30 minutes.  

The bands were marked with DNA ladder (1Kb). 
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PCR (Polymerase chain reaction) and identification of microbial isolates by 

16S rRNA sequence analysis 

Amplification of genomic DNAs of PGPR isolates was made by the method of Weisburg 

(1991). The polymerase chain reaction (PCR) was initiated by using forward (fd1) primer 

having nucleotide sequence AGAGTTTGATCCTGGCTCAG and reverse rd1 primer 

(AAGGAGGTGATCCAGCC). The reactions were carried out in a thermocycler (Biometra, 

Germany). Each reaction volume (25µl) contained 1µl of template DNA, 0.2mM dNTP mix, 

1.5mM MgCl2, 5 µl of 10 × taq buffers, 1 unit of Taq DNA polymerase and 10 pmols of each 

primer. Sterilized cold water used to raise the volume to 25µl. Denaturation occurred after 2 

min. at 95oC and 30 rounds of temperature cycling (94 oC for 30 s, 55oC for 30 s and 72oC for 

2 min) were made and subsequently incubated for 10 min. at 72oC. Then the electrophporeses 

of 5µl of amplified PCR products was conducted on agars gel, 1.2% 31(w/v) in 1 X TBE 

buffer at 80 V followed by staining with ethidium bromide at the rate of 0.01g/ml. UV 

transilluminator lamp (S.N. 76S/64069, Bio RAD, Italy) was used to visualize the gel and 

photographs were taken . DNA ladder 1Kb (Fermentas, Germany) has been used as marker. 

The excision of PCR products from gel was carried out and purification was done by using 

purification gel kits (JET quick, Gel Extraction Spin Kit, GENOMED) ,subsequently 

sequencing was conducted by using automated sequencer (ABI PRISM 310 Genetic 

Analyzer). For sequencing strands of PCR products amplification primers were used. The 

comparison of sequences was made with standard databases by BLAST (NCBI) software. 

Inoculation studies of mungbean (Vigna radiata L.)  

The isolated strains of Rhizobium from rhizosphere soil of wheat and maize grown at Kahuta 

and Narh were inoculated to the seedlings of mungbean for the confirmation of their 

presence. Seeds of mungbean cv. NM-92 (obtained from NARC Islamabad) were sown in 

sterilized soil collected from the regularly cultivated field in the capital area of Islamabad. 

Sterilization of soil was done by autoclaving at 121 0C and 15 psi pressure for 20minutes. The 

soil was then filled in plastic pots pre-sterilized with 10% Chlorox followed by subsequent 

washing with distilled water. The surface sterilization of mungbean seeds was made with 1% 

HgCl2 followed by several washings with sterilized water. Five seeds were sown in each pot 

and placed in green house.  
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After Five days of the emergence, the seedlings were minimized to 3/pot.  Germinating 

seedlings of the roots (after 7 days of germination) were inoculated with Tryptone liquid 

broth medium containing rhizobia. 

 

Parameters studied 

a Plant height and root length shown by mungbean plants  

b Number of nodules and the production of growth hormones (IAA, GA & ABA) in the roots 

and leaves of mungbean plants  

  

 

Control 

 

 

Un-inoculated  

WNRS Rhizobium isolated from rhizospheric soil of wheat grown at high altitude of Narh  

 

MNRS Rhizobium isolated from rhizospheric soil of maize grown at high altitude of Narh  

 

WKRS Rhizobium isolated from rhizospheric soil of wheat grown at low altitude of Kahuta 

MKRS Rhizobium isolated from rhizospheric soil of maize grown at low altitude of Kahuta 
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Inoculation studies of maize. Zea mays L.  

In the second experiment the confirmation of the presence of Azospirillum in the roots and 

rhizosphere soil of wheat and maize grown at Kahuta and Narh was made by the inoculation 

of Azospirillum to the seedlings of maize. The surface sterilized seeds of maize cv. 

“Shehzore” were sown in sterilized plastic pots and placed under green house. The pots 

containing five seedlings were thinned to three seedlings in each pot. After 7 days of 

emergence of seedlings the roots of maize plants were inoculated with liquid broth of 

nitrogen free medium (NFM) containing Azospirillum isolated from roots and rhizosphere 

soil of wheat and maize grown at two altitudes. Five replicates were used for each treatment 

as described below 

 

Parameters studied 

Plant height and root length shown by maize plants and production of growth hormones   

(IAA, GA & ABA) in the leaves and roots of plants  

Control Un-inoculated  

WNAS Plants inoculated with Azospirillum isolated from rhizospheric soil of wheat grown at high altitude of  Narh  

MNAS Plants inoculated with Azospirillum isolated from rhizospheric soil of maize grown at high altitude of Narh  

 

WKAS 

 

4 Plants inoculated with Azospirillum isolated from rhizospheric soil of wheat grown at low altitude of Kahuta 

MKAS 

 

Plants inoculated with Azospirillum isolated from rhizospheric soil of maize grown at low altitude of Kahuta  

WNAR Plants inoculated with Azospirillum  isolated from roots of wheat grown at high altitude of Narh  

 

MNAR 

 

 Plants inoculated with Azospirillum isolated from roots of maize grown at high altitude of Narh  

 

WKAR 8 Plants inoculated with Azospirillum isolated from roots of wheat grown at low altitude of Kahuta  

 

MKAR 

 

9 Plants inoculated with Azospirillum isolated from roots of maize grown at low altitude of Kahuta  
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In the third experiment the same procedure was followed for the inoculation of Phosphorus 

Solubilizing Bacteria (PSB) isolated from rhizosphere soil of wheat and maize grown at high 

altitude of Narh and low altitude of Kahuta by using the maize as host.  

Five replicates were used for each treatment as under  

 

 

 

 

 

 

 

 

Parameters studied 

Plant height and root length shown by maize plants and production of growth hormones 

(IAA, GA & ABA) in the leaves and roots of plants  

Analysis of rhizospheric soil collected from wheat and maize grown at 

Kahuta and Narh  

 The NO3
- N, P, K+, Ca+2, Mg+2 and Mn+2 from rhizosphere soil of wheat and maize grown at two altitudes 

were determined by the method of Soltanpour and Schwab (1977) 

Detection of plant growth hormones (IAA, GA & ABA) produced by the 

isolates of Rhizobium, Azospirillum and PSB in leaves and roots of 

mungbean and maize  

The leaves were grinded in 80% methanol with butylated hydroxy toluene (BHT) and 

extracted for 72 h with subsequent changes in solvent after 24 hour. The extracted samples 

were centrifuged and supernatants were reduced to aqueous phase using rotary thin film 

evaporator (RFE). The pH of aqueous phase was adjusted to 2.5 -3.0 and portioned three 

 

Control 

 

Un-inoculated  

WNPS 

 

PSB isolated from rhizospheric soil of wheat grown at 

high altitude of Narh  

(MNPS) PSB isolated from rhizospheric soil of maize grown at 

high altitude of Narh  

WKPS PSB isolated from rhizospheric soil of wheat grown at 

low altitude of Kahuta  

 

MKPS  

 

PSB isolated from rhizospheric soil of maize grown at 

low altitude of Kahuta  
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times with one-third volume of ethyl acetate. The ethyl acetate phase was dried down 

completely using RFE.  The residues were re-dissolved in 1 ml of methanol (100%) and 

analyzed for presence of phytohormones, IAA, GA & ABA using HPLC as described in 

experiment NO. 1  

The same method was followed for detection of above mentioned phytohormones from roots. 

Determination of anti- biotic resistance of the PGPR isolates  

Five days old strains of Rhizobium, Azospirillum and Phosphorus Solubilizing bacteria 

grown in their respective media were treated with streptomycin and Kanamycin at 5 different 

concentrations i.e. 1mg/100mL, 2mg/100mL, 3mg/100mL, 4mg/mL, and 5mg/100mL as 

described by (Beynon and Joesy1980) and their tolerance levels were measured by their survival 

efficiency (as measured by colony count) on agar plates. 

Heavy metals resistance shown by Rhizobium, Azospirillum and PSB 

The  strains (72 h old cultures) of Rhizobium, Azospirillum and PSB cultured in their relevant 

media were treated with Cadmium, Nickel and Zinc  at  different concentrations i.e. 0.1, 0.2, 

0.3, 0.4, 0.5, 1.0, 5.0, 10, and 15 mM for Cd and 0.1, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 10, and 15  

mM for Ni and Zn. The salts employed were, CdSO4, NiSO4 (H2O)6 and  ZnSO4   

The minimum inhibitory concentration for the isolated strain was determined using the Sabry 

et al. (1997) method, by inoculating nutrient broth agar plates with a range of concentrations 

of each heavy metal separately. Results of the inoculated plates were observed after 72 h of 

incubation at 28°C and recorded as positive by colony appearance on the plate surface 

(CFU/ml). The lowest concentration that inhibited growth completely was considered the 

MIC, and the metal resistant strains were those in which their growth was not inhibited by 1 

mM concentration of Cd, Zn and Ni 
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RESULTS 

 

During the present investigations, plant growth promoting rhizobacteria (PGPR) and 

Phosphate solubilizing bacteria (PSB)  were isolated and identified from the roots and 

rhizosphere soil of wheat and maize grown at two altitudes of Kahuta (1666 m.a.s.l) and Narh 

(2400 m.a.s.l) .  

Isolation, identification and characterization of Rhizobium 

Colonies were obtained on Tryptone media being inoculated with decimal dilutions of the 

isolated culture from rhizosphere soil of wheat and maize grown at Kahuta and Narh. 

These colonies exhibited creamy off white color. Colony shape was round,  

The QTS results (Table 1) revealed that in case of isolate from wheat grown at low altitude 

(1666 m.a.s.l) of Kahuta and at high altitude (2400 m.a.s.l.) of Narh, Gram staining, oxidase, 

catalase and ONPG (ortho nitro phenyl B-D-galactophyranoside) tests were positive  

The CIT (Sodium citrate), and MALO (sodium melonate) tests were negative, LDC (lysine 

decarboxylase) tests were positive, Arginine dihydrolase tests were negative. Ornithine 

decarboxylase test was positive for wheat grown at Kahuta and negative for wheat grown at 

Narh.H2S production test was positive, urea test was negative. Tryptophan deaminase test 

was negative for wheat grown at Kahuta and positive for wheat grown at Narh. Indole test 

was negative while VP (Voges proskaur) test was positive for wheat grown at Kahuta and 

Narh  

Gelatin hydrolysis test was negative, acid from glucose test was positive in case of wheat 

grown at Kahuta while the same was negative for wheat grown at Narh.  

The MAL (acid from maltose) , SUC (acid from sucrose) MAN (acid from mannose) tests 

were positive for wheat grown at Kahuta and Narh. Acid from arabinose test was positive for 

wheat grown at Kahuta and negative for wheat grown at Narh. Acid from rhamnose test was 

positive for isolate from wheat grown at Kahuta and was negative for isolate of wheat grown 

at Narh.  Acid from sorbitol, acid from melibiose and acid from raffinose tests were positive 

for wheat gown at Kahuta and Narh. Acid from ionositol and acid from adonitol tests were 
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positive for isolate from wheat grown at Kahuta while the same were negative for isolate 

from wheat grown at Narh. 

The QTS tests results for maize grown at Kahuta and Narh as shown in Table 1 revealed that  

Gramm staining test was positive. Oxidase, Catalase, ONPG (ortho nitro phenyl B-D-

galactophyranoside) tests for isolate from maize grown at Kahuta and Narh were positive. 

The CIT (Sodium citrate) and MALO (sodium melonate) tests were negative, while LDC 

(lysine decarboxylase) was positive. Arginine dihydrolase and Ornithine decarboxylase  

tests were positive for maize grown at Kahuta while the same were negative for isolate from 

maize grown at Narh. H2S production test and tryptophan deaminase tests were positive while 

urea hydrolysis and indole tests were negative for isolate of maize grown at Kahuta and Narh  

voges proskaur test was positive , while Gelatin hydrolysis test was negative , acid from 

glucose was negative for isolate from maize grown at Kahuta  while it was positive for isolate 

of maize grown at Narh. Acid from maltose test was positive for isolate of maize grown at 

Kahuta and Narh. Acid from sucrose test was negative while acid from mannose test was 

positive for isolate of maize grown at Kahuta and Narh.  Acid from arabinose test was 

negative for isolate of maize grown at Kahuta while the same was positive in case of isolate 

of maize grown at Narh. Acid from rhamnose, acid from sorbitol, acid from ionositole, acid 

from adonitol and acid from melibiose tests were positive for isolate of maize grown at 

Kahuta and Narh. While acid from raffinose test was positive for isolate of maize grown at 

Kahuta and the same was negative for isolate of maize grown at Narh. 

The bacterial isolates from rhizospheric soil of wheat grown at Kahuta were named as WKRS 

whereas the isolates from maize grown at Kahuta were named as MKRS 

Similarly the bacterial isolate from rhizosphere soil of wheat and maize grown at Narh were 

designated as WNRS and MNRS respectively.  

The test results based on carbon nitrogen utilization pattern as revealed by QTS test when 

compared with Bergey's Manual of Determinative Bacteriology confirmed that the isolated 

strains belonged to genus Rhizobium. This was further confirmed by the formation of nodules 

on mungbean plants inoculated with these isolates under sterile conditions (Table 1) 

Colony forming unit (cfu) of rhizobial isolates 
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Table 2 revealed that the colony count of Rhizobium isolated from rhizosphere soil of wheat 

and maize grown at low altitude of Kahuta was significantly higher as compared to the 

colony count of Rhizobium isolated from rhizosphere soil of wheat and maize grown at high 

altitude of Narh. 

Phytohormones (IAA, GA & ABA) production in cell free culture  

Table 3 indicated that phytohormone content in cell free culture of isolates from wheat and 

maize grown at low altitude of Kahuta was highly significant in contrast to the concentration 

of the said phytohormones shown by Rhizobium isolated from both crops grown at high 

altitude of Narh. In contrary, the ABA content of rhizobial isolate from high altitude of Narh 

was significantly higher as compared to that of the ABA content shown by rhizobial isolate 

from low altitude of Kahuta  

Inoculation studies 

Table 4, & 5 revealed that inoculation of Rhizobium isolated from rhizosphere soil of  both 

the crops (wheat and maize) grown at  both altitudes (Kahuta and Narh)  to the mungbean 

plants significantly increased the IAA,GA and ABA content of leaves and roots as compared 

to the un-inoculated plants (control) but inoculation of  Rhizobium isolated from wheat and 

maize grown at low altitude of Kahuta has caused highly significant increase in the 

concentration of IAA of leaves (48% & 26%) and roots (26% &40%) while GA content of 

leaves was 17% & 37% and that of roots was 39% & 28%  of mungbean plants as compared 

to that of the plants inoculated with the Rhizobium isolated from both the crops grown at high 

altitude of Narh. The  

A significant difference was recorded in the concentration of IAA& GA in leaves and roots 

of mungbean plants inoculated with rhizobial isolate from wheat and maize grown at Kahuta 

and Narh where the concentration of IAA & GA was high in leaves as compared to the roots  

Unlike GA and IAA the ABA content of mungbean plants inoculated with Rhizobium 

isolated from wheat and maize grown at high altitude of Narh has significantly increased in 

the roots and leaves as compared to the plants inoculated with the Rhizobium isolated from 

wheat and maize grown at low altitude of Kahuta 

Effect on plant growth 
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Table 6 & 7 showed that inoculation of Rhizobium isolated from both the crops from both 

altitudes caused increase in plant height and root length of mungbean as compared to that of 

the control. The inoculation of Rhizobium isolated from wheat and maize grown at low 

altitude of Kahuta (1600 m.a.s.l) demonstrated significant increase in plant height and root 

length of mungbean plants as compared to the control plants and plants inoculated with 

Rhizobium isolated from wheat and maize grown at high altitude of Narh (2400 m.a.s.l). The 

increase in plant height shown by isolate of wheat and maize grown at low altitude of Kahuta 

was almost two folds higher as compared to that of wheat and maize grown at high altitude of 

Narh.  

Similarly the root length shown by the rhizobial isolate of wheat and maize grown at low 

altitude of Kahuta was almost double to that of the root length shown by mungbean plants 

inoculated with the Rhizobium isolated from wheat and maize grown at high altitude of Narh 

There was no significant difference in growth promoting effect of the rhizobial isolate of 

wheat and maize crops with respect to   plant height and root length of mungbean  

 Table 10 revealed that the inoculation of Rhizobium isolated from wheat and maize grown at 

low altitude of Kahuta has significantly increased the number of nodules per plant of 

mungbean plants as compared to that of the number of nodules produced by the plants 

inoculated with Rhizobium isolated from wheat and maize grown at high altitude of Narh 

There was no significant difference recorded  (Table 10) in production of nodules between 

wheat and maize grown at low altitude of Kahuta, however the wheat grown at high altitude 

of Narh has produced high number of nodules as compared to that of the number of nodules 

produced by mungbean plant as a result of the inoculation of rhizobial isolate from maize 

gown at the same altitude.  

Positive correlation existed (Table 8) between the IAA produced by the rhizobial isolates of 

wheat and maize grown at two altitudes in cell free culture and in mungbean leaves while in 

case of roots positive correlation existed (Table 9) between the production of IAA & GA in 

cell free culture and in roots of mungbean plants inoculated with the isolates of two crops 

grown at Kahuta and Narh   

PCR (polymerase chain reaction) 16S rRNA sequence analysis of 

Rhizobium 
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In PCR analysis two conserved primers; forward (fd1) with sequence 

AGAGTTTGATCCTGGCTCAG and reverse (rd1) having nucleotide sequence 

(AAGGAGGTGATCCAGCC) were used to amplify genomic DNA by PCR and the 

amplified products were observed on 1.2% (w/v) agarose gel stained with ethedium bromide 

(3µl of 0.01g) under UV light. The bands were marked DNA gene ladder of 1Kb. In all the 

isolated strains the DNA bands were of 1500BP. The DNA bands were further purified for 

16s rRNA gene sequencing.  

 

Identification of PGPR isolates by 16S rRNA sequence analysis  

Identification of  four PGPGR strains i.e. two from rhizospheric soil of wheat gown at low altitude of 

Kahuta  and two from wheat grown at high altitude of Narh was carried out by 16s rRNA sequence 

analysis , using universal primers. PCR products obtained from bacterial isolates were sequenced 

directly  

For isolate from rhizospheric soil of wheat grown at Kahuta (marked as A) the total length of 

sequence with 1497 was obtained. The comparison of the nucleotide sequence with bank showed 

highest sequence similarity (99%) with the Oceanobacillus profundus (AC NO HQ59230.1) 

6-65 GACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGCAGGAAATAAACAGAACCC  

66-125 TCGGGGTGATGTTTATGGAATGAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCC   

126-185 TGTAAGATCGGGATAACTCGCGGAAACGTGAGCTAATACCGGATAACACTTTTCATCTCA   

186-245 TGGTGAGAAGATAAAAGACGGTTTCGGCTGTCACTTACAGATGGGCCCGCGGCGCATTAG   

246-305 CTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGAT   

306-365 

CGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCT   

366-425 TCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATC   

426-485 GTAAAACTCTGTTGTTAGGGAAGAACAAGTTGGGTAGTAACTGACCCAACCTTGACGGTA   

486-545 CCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAA   

546-605 GCGTTGTCCGGAATTATTGGGCGTAAAGCGCTCGCAGGCGGTCTTTTAAGTCTGATGTGA   

606-665 

AAGCCCACGGCTTAACCGTGGAGGGTCATTGGAAACTGGAGGACTTGAGTACAGAAGAGG   

666-725 

AGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCG   

726-785 

AAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGTAGCGAACAGGA   

786-845 TTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTAGGGGGTTTCCGC                

846-905 CCCTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTG             

906-965 AAACTCAAAAGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAG                

966-1025 CAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGATACCTCTAGAGATAGAGTTTTC                
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1026-1085 

CCTTCGGGGACAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTT              

1086-1145 

GGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCAC              

1146-1205 

TCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGC                

1206-1265 

CCTTATGACCTGGGCTACACACGTGCTACAATGGATGGAACAAAGGGAAGCGAACCCGC             

1266-1325 

GAGGTCAAGCCAATCCCATAAAACCATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTA    

1326-1384 CATGAAGCCGGAATCGCTAGTAATCGCGGATCA-CATGCCCgggggggAAATACTTTCCC   

1385-1444 

GGGCCTTGTACACACCGCCCGTCACACCACGAAGAGTTGGTAACACCCGAAGGTCGGTG  

1445-1494 AGGTAACCTTTTGGAGCCAGCCGCCGAAGGTGGGACTAATGATTGGGGTG  

 

For second isolate of PGPR (marked as B) from the rhizospheric soil of wheat grown at low attitude 

of Kahuta the total length of sequence with 1490 was obtained. The comparison of the nucleotide 

sequence with gene bank showed highest sequence similarity (99%) with that of Bacillus cereus 

F837/760 (AC NO CP003187.1) 

14-73  GGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAATGGATTAAGA   

74-133 GCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAA   

134-193   

GACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACCGCATGGTT            

194-253 CGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGT                

254   TGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCC  

313                

314   ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGC  

373                

374   AATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAA  

433                

434   ACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTA  

493               

494   ACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGT  

553                

554   TATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGC  

613                

614   CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAG  

673                

674   TGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGG  

733                
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734  CGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAG  

793                

794   ATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTT  853                

854   TAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAAC  

913                

914   TCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAAC  

973                

974  GCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGGCTTCTCCTT  

1033                

1034 CGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT  

1093                

1094 TAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTTAGTTGGGCACTCTA  

1153                

1154 AGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCT  

1213                

1214 TATGACCTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTGCAAGACCGCGAGG  

1273               

1274 TGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATG  

1333                

1334 AAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCC-CGGGTGAATTACGTTCCCGGGCC  

1392 

1393 TTGTACACACCGCCCGTCACACCACGAGAGTTTGTA-CACCCGAAGTCGGTGGGGTAACC  

1451 

1452 TTTTGGAACCCGCCGCCTAAGGTGG-ACAGATGATTGGG  1489 

 

Two isolates of PGPR isolated from rhizospheric soil of wheat grown at high altitude of Narh  marked 

as (E, & I) were identified as follows 

For “E” total length of sequence with 1451 was obtained. The comparison of the nucleotide with gene 

bank showed highest sequence similarity (99%) with the Bacillus sp. TSAWB (2011) (AC NO JN 

944559.1) 

3    AGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAATGGATTAAGAGCTTG  62              

63   CTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGACTG  122              

123  GGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACCGCATGGTTCGAAA  

182              

183   TTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTG  242              

243   AGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACT  

302              
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303   GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGG  

362           

363   ACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCT  

422             

423   GTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCAG  

482              

483   AAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCC  

542              

543   GGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACG  

602              

603   GCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAA  

662              

663   TTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACT  

722              

723   TTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACC  

782              

783   CTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTG  842              

843   CTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAA  

902              

903   GGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAA  

962              

963  GAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGGCTTCTCCTTCGGGA  

1022              

1023 GCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGT  

1082              

1083 CCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTG  

1142              

1143 ACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGA  

1202              

1203 CCTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTGCAAGACCGCGAGGTGGAG  

1262              

1263 CTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCT  

1322              

1323 GGAATCGCTAGTAATCGCGGATCA-CATGCGCGGGGGGAAA-A-ACCTTTCCCGGGGCCT  1379 

1380 TG-TAC-ACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGGGTAAC  

1437 

1438  CTTTTTGGAGCCAG  1451 
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For “I” total length of sequence with 1468 was obtained. The comparison of the nucleotide with 

gene bank showed highest sequence similarity (99%) with that of Alcaligenes sp. F78 (AC NO 

E0443097.1) 

   61    TGCTTTTTTGGGGGGCGAGTGGCGGACGGGTGAGTAATATTTCGGAACGTGCCCAGTAGC  

120 

121   GGGGGATAACTACTCGAAAGAGTGGCTAATACCGCATACGCCCTACGGGGGAAAgggggg  180 

181   gATCGCAAGACCTCTCACTATTGGAGCGGCCGATATCGGATTAGCTAGTTGGTGGGGTAA  240              

241   AGGCTCACCAAGGCAACGATCCGTAGCTGGTTTGAGAGGACGACCAGCCACACTGGGACT  

300              

301   GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAA  

360             

361   CCCTGATCCAGCCATCCCGCGTGTATGATGAAGGCCTTCGGGTTGTAAAGTACTTTTGGC  420             

421   AGAGAAGAAAAGGTATCCCCTAATACGGGATACTGCTGACGGTATCTGCAGAATAAGCAC  

480              

481   CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTA  

540             

541   CTGGGCGTAAAGCGTGTGTAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGGGCTCAAC  

600             

601   CTTGGAACTGCATTTTTAACTGCCGAGCTAGAGTATGTCAGAGGGGGGTAGAATTCCACG  

660              

661   TGTAGCAGTGAAATGCGTAGATATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGG  

720              

721   ATAATACTGACGCTCAGACACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG  

780              

781   TCCACGCCCTAAACGATGTCAACTAGCTGTTGGGGCCGTTAGGCCTTAGTAGCGCAGCTA  840              

841   ACGCGTGAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGAC  

900             

901   GGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTAC  

960              

961   CTACCCTTGACATGTCTGGAAAGCCGAAGAGATTTGGCCGTGCTCGCAAGAGAACCGGAA 

1020  

1021  CACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAA 

1080              

1081  CGAGCGCAACCCTTGTCATTAGTTGCTACGCAAGAGCACTCTAATGAGACTGCCGGTGAC  

140             

1141  AAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCAC 

1200             

1201  ACGTCATACAATGGTCGGGACAGAGGGTCGCCAACCCGCGAGGGGGAGCCAATCTCAGAA  

260              
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1261  ACCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGT  

320 

1321  AATCGCGGATCAGAATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCA 

1380             

1381-1440 

CACCATGGGGAGTGGGTTTCACCAGAAGTAGGTAGCCTAACCGCAAGGAGGGCGCTTACC   

1441-1466  ACGGTGGGATTCATGACTGGGGTGAA   

Streptomycin resistance test for Rhizobium strains isolated from 

rhizosphere soil of wheat and maize grown at Kahuta and Narh 

Table 11 revealed significant difference in the tolerance levels of rhizobial isolates of wheat 

and maize from two different altitudes against streptomycin. Rhizobial isolates of both crops 

from two altitudes have shown significant decline in their survival efficiency as the 

concentration of antibiotic was increased. Maximum decrease in growth was observed at the 

concentration of 4mg/100ml whereas no growth was shown by any of the isolates at the 

maximum concentration of 5mg/100ml. 

The rhizobial isolates of wheat and maize grown at the high altitude of Narh proved to be 

more tolerant against streptomycin as compared to that of wheat and maize crops grown at 

low altitude of Kahuta. There was no significant difference between the tolerance levels of 

wheat and maize grown at Kahuta and Narh Noteworthy, the rhizobial isolate from high 

altitude of Narh did not show any significant decrease even at the concentration of 

4mg/100ml 

Kanamycin resistance test for Rhizobium isolated from wheat and maize 

grown at Kahuta and Narh   

Table 12 depicts that isolates of both crops from both altitudes have shown general decline in 

resistance to Kanamycin but the isolates of wheat and maize grown at high altitude of Narh 

have shown more resistance against the antibiotic as compared to that of the resistance shown 

by Rhizobium isolated from wheat and maize grown at low altitude of Kahuta.   

Maximum decrease in cfu/ml of Rhizobium isolated from both the crops grown at two 

altitudes was observed at the concentration of 4mg/100ml  

At the maximum concentration (5mg/100ml) none of the isolates from both the crops of two 

altitudes have shown resistance against antibiotic and no growth was recorded. 
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Heavy metals tolerance test for Rhizobium isolated from wheat and maize 

grown at Kahuta and Narh 

Table 13, 14 15 revealed that the rhizobial isolates of both crops grown at high altitude of 

Narh have shown significantly higher resistance towards the Cadmium, Zinc and Nickel as 

compared to the isolates from low altitude of Kahuta. Maximum in cfu/ml of rhizobial 

isolates of both crops grown at Kahuta and Narh was recorded at the concentration of 4mM  

None of the rhizobial isolates of both crops grown at two altitudes could survive at the 

maximum concentration of 5mM  

Isolation, identification and characterization of Azospirillum 

Isolation of Azospirillum was made from rhizosphere soil and roots of wheat and maize 

grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l). Azospirillum colonies were obtained 

in nitrogen free media (NFM) inoculated with isolate from rhizosphere soil and roots of 

wheat and maize grown at Kahuta and Narh. The appearance of brown color layer in semi 

solid nitrogen media indicated the presence of Azospirillum under light microscope; all 

isolates were gram negative and motile. The isolate from soil and root of wheat and maize 

grown at two different altitudes of Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) showed 

marked differences in QTS tests results (Table 16 & Table 17). 

The Gram staining, Oxidase, Catalase and ONPG tests were positive for isolate from 

rhizosphere soil of wheat and maize grown at Kahuta and Narh, while the CIT and MALO 

tests were positive for the isolate of wheat and maize  grown at Kahuta and negative for 

isolate of wheat and maize grown at Narh. The LDC test was positive for isolate from 

rhizospheric soil of wheat and maize grown at Kahuta and Narh. The ADH test was positive 

for isolate from rhizosphere soil of wheat and maize grown at Kahuta while the same was 

negative for isolate from rhizosphere soil of wheat and maize grown at Narh.  

The ODC test was positive for wheat and maize grown at Kahuta and wheat grown at 

 Narh while the same was negative in case of isolate from rhizospheric soil of maize grown at 

Narh.H2s production test was positive for isolate from rhizospheric soil of wheat and maize 

grown at Kahuta and Narh. Urea hydrolysis test was positive for isolate from wheat grown at 

Kahuta while it was negative for wheat grown at Narh and maize grown at Kahuta and Narh.  
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The TDA test was positive for wheat and maize grown at Kahuta and it was negative for 

isolate of wheat and maize grown at Narh. The indole test was negative while VP test was 

positive for isolate from rhizospheric soil of wheat and maize grown at Kahuta and Narh. 

Gelatin hydrolysis test was positive for isolate of wheat grown at Kahuta while the same was 

negative for isolate of wheat grown at Narh and wheat and maize grown at Kahuta and Narh 

Acid from glucose test was negative for wheat grown at Narh while it was positive for isolate 

from wheat grown at Kahuta and maize grown at Kahuta and Narh  

The isolates from rhizospheric soil of wheat grown at Kahuta were named as WKAS while 

MKAS was designated to the isolates from rhizospheric soil of maize grown at Kahuta. 

WKAR was given to the isolates from roots of wheat grown at Kahuta and MKAR was given 

to the isolates from roots of maize grown at Kahuta  

WNAS was given to the Azospirillum isolated from rhizospheric soil of wheat grown at Narh 

while MNAS was designated to the isolates from rhizospheric soil of maize grown at Narh. 

WNAR & MNAR was given to the isolates from roots of wheat and maize respectively 

grown at Narh. 

The acid from maltose and acid from sucrose tests were positive for wheat gown at Kahuta 

and Narh and maize grown at Kahuta but the same was negative for maize grown at Narh.  

The acid from mannose, acid from arabinose, acid from rhamnose and acid from sorbitol tests 

were positive for wheat and maize grown at Kahuta while these tests were negative in case of 

isolate from rhizospheric soil of wheat and maize grown at Narh. The acid from ionositol test 

was positive for isolate of wheat grown at Kahuta and isolate of wheat and maize grown at 

Narh but the same was negative for isolate from wheat grown at Narh. The acid from adonitol 

and acid from raffinose tests were positive in case of isolate of wheat and maize grown at 

Kahuta while these tests were negative for the isolate from wheat and maize grown at Narh. 

The acid from melibiose test was positive for isolate from rhizospheric soil of wheat and 

maize grown at Kahuta and Narh.  

The above tests results showed that the isolates of high altitude of Narh utilized less 

Carbon/Nitrogen sources as compared to the isolates of low altitude of Kahuta  

Colony forming unit (cfu/ml) of Azospirillum isolate  

Data presented in Table 18  revealed that colony count of Azospirillum isolated from 
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rhizospheric soil and roots of wheat and maize grown at low altitude of Kahuta (1666 m.a.s.l) 

showed higher values of cfu/ml as compared to the Azospirillum isolated from roots and 

rhizospheric soil of wheat and maize grown at high altitude of Narh (2400 m.a.s.l).  

 

Phytohormones (IAA, GA & ABA) production in cell free culture 

Table 19 & 20 depicted that the concentration of IAA and GA in cell free culture shown by 

Azospirillum isolated from roots and rhizospheric soil of wheat and maize grown at low 

altitude of Kahuta (2400 m.a.s.l) was significantly high as compared to the isolates of  both 

crops grown at  higher  altitude of Narh.  

The concentration of IAA in cell free culture of Azospirillum isolated from rhizospheric soil 

of wheat and maize grown at Kahuta was 36 % & 36 % while in case of GA it was 67 % & 

62% higher respectively as compared to the concentration shown by the isolate of wheat and 

maize grown at high altitude of Narh   

The concentration of IAA & GA shown in cell free culture of the Azospirillum isolated from 

root of wheat and maize grown at low altitude of Kahuta it was 50 % & 40 %  higher 

respectively as compare to the concentration shown by wheat and maize grown at high 

altitude of Narh.  

In contrast to the concentration of IAA and GA in cell free culture the concentration of ABA 

of Azospirillum isolated from rhizospheric soil of wheat and maize grown at high altitude of 

Narh was significantly high (43 % & 41 %) as compared to that of the concentration of this 

hormone shown by the isolate of Azospirillum from wheat and maize grown at low altitude of 

Kahuta while, in case of Azospirillum  isolated from root of wheat and maize grown at high 

altitude of Narh it was 45 % & 46 % high as compare to the concentration shown by wheat 

and maize grown at  low altitude of Kahuta.   

Inoculation studies 

Azospirillum was isolated from rhizospheric soil and root of wheat and maize grown at 

Kahuta and Narh and was inoculated on maize plants. The concentration of phytohormones 

was studied in leaves and roots of maize plants inoculated with Azospirillum isolated from 

wheat and maize of the two altitudes   
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Table,21,22,23 & 21 showed that IAA , GA & ABA content of roots and leaves of maize 

inoculated with Azospirillum isolated from roots and rhizospheric soil of wheat and maize 

grown at Kahuta and Narh was significantly higher  as compared to that of the un-inoculated 

plants (control) but the increase in the concentration of these phytohormones is highly 

significant as a result of  inoculation of Azospirillum isolated from the rhizospheric soil and 

root of wheat and maize grown at low altitude of Kahuta as compare to the concentration 

shown by the leaves and roots of plants inoculated with the Azospirillum isolated from wheat 

and maize grown at high altitude of Narh. 

In case of  the concentration of ABA  in leaves and roots of maize inoculated with the 

Azospirillum isolated from roots and rhizospheric soil of wheat and maize grown at Kahuta 

and Narh was also high as compared to the control (un-inoculated) plants but this increase is 

significantly higher in the leaves and roots of maize plants inoculated with the Azospirillum 

isolated from both the crops of high altitude of Narh as compare to the concentration shown 

by the plants inoculated with the Azospirillum isolated from both the crops grown at low 

altitude of Kahuta.  

The concentration of IAA in leaves of maize plants inoculated with Azospirillum isolated 

from root of wheat and maize grown at low altitude of Kahuta was 42 % and 57 % higher 

respectively as compared to the concentration shown by isolate of wheat and maize grown at 

high altitude of Narh. The concentration of GA in leaves shown by the isolate from root of 

wheat and maize grown at low altitude of Kahuta was higher as 75 % and 70 % respectively 

as compared to that of the concentration shown by isolate from both crops grown at high 

altitude of Narh whereas, the concentration of ABA shown in leaves  by Azospirillum isolated 

from root of wheat and maize grown at high altitude of Narh was 50 % and 49 % higher 

respectively as compared to the concentration shown by isolate from both crops grown at low 

altitude of Kahuta . 

The concentration of IAA in roots of maize plants inoculated with Azospirillum isolated from 

root of wheat and maize grown at low altitude of Kahuta was 48 % & 50 % higher 

respectively as compare to the concentration of IAA shown in root of maize plants inoculated 

with Azospirillum isolated from root of wheat and maize grown at high altitude of Narh  

The concentration of GA was 65 % & 69 % higher as recorded in roots of maize plants 

inoculated with isolate of roots of wheat and maize respectively grown at low altitude of 

Kahuta as compared to that of the concentration shown by isolate of root of wheat and maize 
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grown at high altitude of Narh. On the other hand the concentration ABA as shown in roots 

of maize plants inoculated with Azospirillum isolated from root of wheat and maize grown at 

high grown at high altitude of Narh was 45 % & 47 higher respectively as compare  to the 

concentration shown by wheat and maize grown at low altitude of Kahuta.  

The   concentration of IAA in leaves of maize plants inoculated with Azospirillum isolated 

from rhizospheric soil of wheat and maize grown at Kahuta and Narh was 32 % & 36 %  

higher respectively as compare to the concentration shown by the same crops grown at high 

altitude of Narh. The concentration of GA was 59 % and 48 % higher in leaves of wheat and 

maize grown at Kahuta and Narh respectively as compared to the concentration shown by 

leaves of maize plants inoculated with isolate from rhizospheric soil of these crops grown at 

Narh. In contrast the concentration of ABA in leaves of maize plants inoculated with 

Azospirillum isolated from wheat and maize grown at high altitude of Narh was 50 % & 40 % 

higher respectively as compared to the concentration shown by wheat and maize grown at 

low altitude of Kahuta  

Similar trend was observed in case of concentration of IAA & GA in roots of maize plants 

inoculated with the Azospirillum isolated from wheat and maize grown at low altitude of 

Kahuta caused 34 % & 42 % increase in concentration of IAA, 53 % & 55 % increase in 

concentration of GA respectively as compare to that of shown by wheat and maize grown at 

high altitude of Narh whereas, the concentration of ABA as observed in the roots of maize 

plants inoculated with the isolate of  wheat and maize grown at high altitude of Narh was 48 

%  & 49 % respectively  high as compare to the concentration shown by wheat and maize 

grown at low altitude of Kahuta  

 Positive correlation existed (Table 29) between the production of IAA, GA & ABA in cell 

free culture and in the maize leaves inoculated with the isolates of  roots of wheat and maize 

grown at two altitudes, while in case of roots (Table 30) of inoculated plants of maize 

positive correlation existed between IAA & GA  in cell free culture and in roots.  

Significant positive correlation existed (Table 31) between GA produced in cell free culture 

and in leaves of maize plants and positive correlation existed(Table 32) between GA 

produced in cell free culture and   root of maize plants inoculated with the isolates from 

rhizospheric soil of wheat and maize grown at two altitudes 
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Effect on plant growth 

The inoculation of Azospirillum (Table 25,26,27, & 28) isolated from roots and rhizospheric 

soil of wheat and maize grown at Kahuta (1600 m.a.s.l) and Narh (2400 m.a.s.l) has caused 

significant increase in plant height and root length of maize plants as compare to the control 

(un-inoculated plants) but the Azospirillum isolated from wheat and maize grown at low 

altitude of Kahuta has exhibited highly significant increase in plant height and root length of 

maize plants upon its inoculation as compared to that of the plant height and root length 

shown by the maize plants inoculated with Azospirillum isolated from rhizospheric soil and 

roots  of wheat and maize grown at high altitude of Narh   

The plant height shown by Azospirillum isolated from root of wheat grown at low altitude of 

Kahuta was t 40 % high as compared to the height shown by Azospirillum isolated from root 

of wheat grown at high altitude of Narh. Similarly the plant height shown by Azospirillum 

isolated from root of maize grown at low altitude of Kahuta was 64 % high as compared to 

that of the plant height shown by Azospirillum strains isolated from root of maize grown at 

high altitude of Narh.  

It has been observed  that inoculation of Azospirillum isolated from rhizospheric soil and root 

of wheat and maize grown at Kahuta and Narh caused significant increase in root length of 

maize plant as compare to control whereas, in case of maize plants inoculated with 

Azospirillum isolated from rhizospheric soil of wheat and maize grown at low altitude of 

Kahuta this increase was 33% higher as compared that of  the increase shown by 

Azospirillum isolated from rhizospheric soil of wheat and maize grown at high altitude of 

Narh. 

Similarly the root length shown by maize plants inoculated with Azospirillum isolated from 

root of wheat and maize grown at low altitude of Kahuta was 31 % higher as compared to 

that of the root length shown Azospirillum isolated from root of wheat and maize grown at 

high altitude of Kahuta. 

It is   important to mention that the root length and plant height exhibited by the maize plants 

inoculated with Azospirillum isolated from rhizospheric soil and root of both crops grown at 

both altitudes did not show a marked difference between the wheat and maize. So the root 

length and plant height shown by isolate of wheat and maize grown at Kahuta and Narh did 

not differ significantly.  
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Streptomycin resistance test for Azospirillum isolated from roots of Wheat 

and Maize grown at Kahuta and Narh  

Table 33 explains that Azospirillum isolated from roots of wheat and maize grown at high 

altitude of Narh was proved to be more resistant against the streptomycin and shown gradual 

decrease in growth as the concentration of the antibiotic was increased. The maximum 

decline in the growth level was observed at the concentration of 4mg/100ml whereas upon 

the maximum concentration (5mg/100ml) none of the isolates from both the crops grown at 

two altitudes have shown resistance and growth was observed to nil. 

 Streptomycin resistance test for Azospirillum isolated from rhizospheric 

soil of wheat and maize grown at Kahuta and Narh  

Table 34 showed the similar trend as observed in case of the Azospirillum isolated from the 

two altitudes. The isolates of high altitude of Narh have shown more resistance against the 

antibiotic. The maximum decline in growth was recorded at the concentration of 4mg/100ml 

at the maximum concentration (5mg/100ml) none of the isolates have shown resistance and 

growth was observed to nil. 

Kanamycin resistance test for Azospirillum isolated from rhizospheric soil 

of Wheat and Maize grown at Kahuta and Narh   

Table 35 explains that the isolates of both crops from two altitudes have shown a mixed 

resistance against the antibiotic but the Azospirillum isolated from wheat and maize grown at 

high altitude has shown a little high resistance against the antibiotic  

The maximum decrease in growth level of the Azospirillum isolated from wheat and maize 

grown at two altitudes was recorded at the concentration of 4mg/100ml 

At the maximum concentration (5mg/100ml) none of the isolates have shown resistance and 

growth was observed to nil. 
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Kanamycin resistance test for Azospirillum isolated from roots of Wheat 

and Maize grown at Kahuta and Narh and re-inoculated on Maize 

Table 36 depicts that  isolates of both crops from both the altitudes have shown a mixed trend 

against the antibiotic but the Azospirillum isolated  from wheat and maize grown at high 

altitude of Narh have shown a little more resistance against Kanamycin and proved to be 

more resistant against antibiotic. Maximum decline in growth efficiency was recorded at the 

concentration of 4mg/100ml 

At the maximum concentration of 5mg/100 ml none of the isolates of any crop from either 

altitude showed any growth.   

Heavy metals tolerance test for Azospirillum isolated from rhizospheric soil 

and root of wheat and maize grown at Kahuta and Narh  

Table 37, 38, 39, 40, 41, 42, show that the Azospirillum isolated from rhizospheric soil and 

root of wheat and maize grown at high altitude of Narh demonstrated significantly high 

tolerance towards the Cadmium , Zinc and Nickel as compared to the isolates of wheat and 

maize grown at low altitude of Kahuta. There was no significant difference observed between 

the tolerance level of isolates from rhizospheric soil and root of both crops grown at two 

altitudes. 

Maximum decline in the resistance towards the heavy metals was recorded at concentration 

of 4 mM however the isolates of both crops grown at high altitude of Narh have shown a little 

high resistance even at the concentration of 4 mM   

At the maximum concentration of 5mM the survival efficiency of all the isolates from wheat 

and maize grown at two altitudes was recorded as nil  

Isolation, identification and characterization of PSB  

The colonies were obtained on Pikovskaya's media being inoculated with the 10 -1   dilution of 

the isolated culture from rhizospheric soil of wheat and maize grown at Kahuta and Narh. 

Isolate from wheat and maize grown at low altitude of Kahuta (1666 m.a.s.l) and high altitude 

of Narh (2400 m.a.s.l) showed differences in QTS test results  

QTS test results (Table 43) showed that in case of PSB isolated from wheat and maize grown 
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at Kahuta and Narh the Gram staining, Oxidase, catalase, ONPG and VP tests were positive 

while indole test is negative for the same.  

The CIT, MALO, ADH, Urea hydrolysis, Gelatin hydrolysis, TDA, Acid from Maltose, Acid 

from arabinose, Acid from rhamnnose, Acid from melibiose and Acid from raffinose tests 

were positive for isolate from rhizospheric soil of wheat and maize grown at low altitude of 

Kahuta while the same were negative for isolate from rhizospheric soil of wheat and maize 

grown at high altitude of Narh.  

The LDC, ODC, Acid from sucrose  and H2 s production tests were positive for isolate 

rhizospheric soil of wheat and maize grown at Kahuta and wheat grown at Narh while the 

same were negative for isolate from rhizospheric soil of  maize grown at Narh  

The Acid from sorbitol and Acid from ionositol, tests were positive for isolate from 

rhizospheric of wheat grown at low altitude of Kahuta and wheat and maize grown at high 

altitude of Narh whereas the same were negative for isolate from rhizospheric soil of wheat 

grown at high altitude Narh. The Acid from adonitol, test is negative for isolate from 

rhizospheric soil of wheat grown at Kahuta and Narh and maize grown at Narh but it was 

positive for the isolate from rhizospheric soil of maize grown at Kahuta. The Urea hydrolysis 

test is positive for isolate from wheat grown at Kahuta but the same was negative for wheat 

grown at Narh and maize grown at Kahuta and Narh.  

The PSB isolated from rhizospheric soil of wheat and maize grown at Narh were given the 

names as WNPS & MNPS respectively while, the isolates from rhizospheric soil  of wheat 

and maize grown at Kahuta were termed as WKPS & MKPS respectively  

Higher value of solubilizing index was observed in case of PSB isolated from rhizospheric 

soil of wheat and maize grown at low altitude of Kahuta (1666 m.a.s.l) (Table 44). While 

PSB isolated from rhizospheric soil of wheat and maize grown at Narh (2400 m.a.s.l) showed 

lower value of solubilizing index. The test results based on the Carbon/Nitrogen source 

utilization pattern showed that the isolates of high altitude of Narh have utilized less C/N 

sources as compared to the isolates of low altitude of Kahuta.  

Colony forming unit (cfu/ml) of Phosphorus Solubilizing Bacteria (PSB) 

Table 44 showed that colony count of PSB isolated from rhizospheric soil of wheat and maize 

grown at low altitude of Kahuta was significantly higher as compared to the colony count 
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shown by the PSB isolated from rhizospheric soil of wheat and maize grown at high altitude 

of Narh.  

Table 45 revealed that the concentration of IAA and GA of PSB in cell free culture was 

significantly high in case of PSB isolated from low altitude of Kahuta as compare to the un-

inoculated (control) plants but this increase was significantly higher (45% & 50%r 

respectively for IAA and (48% & 62% respectively for GA )  in case of concentration shown 

by the isolate of PSB from rhizospheric soil of wheat and maize grown at low altitude of 

Kahuta as compare to the concentration shown by the PSB isolate of wheat and maize grown 

at high altitude of Narh,  

Phytohormones (IAA, GA & ABA) production in cell free culture 

The PSB isolated from rhizospheric soil of wheat and maize grown at high altitude of Narh 

have shown significantly higher (79% & 69% respectively) concentration of ABA  in cell 

free culture as compare to the PSB  isolated from rhizospheric soil of wheat and maize  

grown at low altitude of Kahuta.  

Inoculation studies of PSB 

Table 46 & 47 revealed that inoculation of PSB isolated from rhizospheric soil of wheat and 

maize grown at Kahuta and Narh significantly increased the IAA and GA content of roots 

and leaves of maize plants as compared to the un-inoculated (control) plants. This increase 

was highly significant (49% &47% respectively) in the concentration of IAA and (56% & 

44% respectively) in the concentration of GA in leaves of maize plants as a result of 

inoculation of PSB isolated from rhizospheric soil of wheat and maize grown at low altitude 

of Kahuta as compared to the inoculation of PSB isolated from rhizospheric soil of wheat and 

maize grown at high altitude of Narh. 

In contrast to the IAA and GA the concentration of ABA demonstrated by leaves of  maize 

plants inoculated with PSB isolated from rhizospheric soil of wheat and maize grown at high 

altitude of Narh was significantly high (100% & 80% respectively) as compare to the 

concentration shown by the PSB isolated from same crops grown at low altitude of Kahuta. 

The concentration of IAA in roots of maize plants inoculated with PSB isolated from 

rhizospheric soil of wheat and maize grown at low altitude of Kahuta was 86% & 65% while 
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in case of GA it was 68% & 65% respectively higher as compared to the concentration shown 

by the isolate of wheat and maize grown at high altitude of Narh.  

The concentration ABA was 63% & 41% higher in the roots of maize plants inoculated with 

the PSB isolate from rhizospheric soil of wheat and maize grown at high altitude of Narh as 

compared to the concentration shown by isolate from rhizospheric soil of wheat and maize 

grown at low altitude of Kahuta  

Positive correlation existed (Table 48 & 49) between the GA produced in cell free culture and 

in leaves of maize plants inoculated with the PSB isolated from rhizospheric soil of wheat 

and maize grown at low altitude of Kahuta and high altitude of Narh while in case of roots of 

inoculated plants of maize the positive correlation existed between GA and ABA produced in 

cell free culture and in roots. 

Effect on plant growth 

Table 51 & 52 demonstrated that inoculation of PSB isolated from rhizospheric soil of wheat 

and maize grown at Kahuta and Narh to the maize plants has caused significant increase in 

plant height and root length of maize plants as compare to the un-inoculated (control) plants 

of maize.  The plants inoculated with PSB isolated from the rhizospheric soil of wheat and 

maize grown at low altitude of Kahuta has exhibited significant increase in height and root 

length as compare to the plants inoculated with PSB isolated from rhizospheric soil of wheat 

and maize grown at high altitude of Narh. The increase in plant height shown by maize plants 

inoculated with isolate from rhizospheric soil of wheat and maize grown at low altitude of 

Kahuta was 40% & 45% respectively as compared to that of the plant height shown by the 

isolate of wheat and maize grown at high altitude of Narh. The PSB isolate of wheat and 

maize grown at low altitude of Kahuta also exhibited about 40% & 35% respectively increase 

in root length as a result of inoculation as compared to that the root length shown by PSB 

isolated from rhizospheric soil of wheat and maize grown at high altitude of Narh.  

Streptomycin resistance test for PSB isolated from wheat and maize grown 

at Kahuta and Narh   

Table 52 depicted significant differences between the PSB strains isolated from rhizospheric 

soil of wheat and maize grown at the two altitudes for their response to streptomycin. PSB 

isolates from both the altitudes and both crops have shown significant decline in growth with 
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the increase in concentration of streptomycin. However early and greater decrease was 

exhibited by PSB isolated from rhizospheric soil of wheat. Both of the isolates from two 

altitudes have shown gradual decrease in survival level as the concentration of the antibiotic 

was increased. The maximum decrease in growth was recorded at the concentration of 

4mg/100ml. At the maximum concentration of 5mg/100ml none of the isolates of any crop  

from either altitude shown any growth.  The PSB isolates of both the crops grown at high 

altitude of Narh have demonstrated more resistance against the antibiotic as compared to the 

PSB isolates of wheat and maize grown at low altitude of Kahuta. There was no significant 

difference in the streptomycin resistance of their the 2 crops irrespective of their altitudes  

Kanamycin resistance test for PSB isolated from rhizospheric soil of wheat 

and maize grown at Kahuta and Narh  

Table 53 shows that significant difference between the PSB isolates from the two altitudes 

was observed when treated with streptomycin. PSB isolates from both the altitudes and both 

crops have shown significant decline in growth with the increase in concentration of 

Kanamycin 

Both of the isolates from both altitudes have shown gradual decrease in growth as the 

concentration of the antibiotic was increased. The maximum decrease in growth level of PSB 

isolated from both crops grown at two altitudes was recorded at the concentration of 

4mg/100ml 

At the maximum concentration of 5mg/100 ml none of the isolate of any crop from either 

altitude had shown any growth.   

Heavy metals tolerance test for PSB isolated from rhizospheric soil of 

wheat and maize grown at Kahuta and Narh  

Table 54, 55, 56 depict that PSB isolated from wheat and maize grown at high altitude of 

Narh have shown higher resistance towards the heavy metals as compared to the PSB isolated 

from both the crops grown at low altitude of Kahuta .At the concentration of 4mM all the 

isolates have shown maximum decline in their survival however the isolates of high altitude 

have demonstrated comparatively high resistance  

None of the PSB isolated from wheat and maize grown Kahuta and Narh could survive at the 

maximum concentration of 5mM  
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Table 1 QTS tests shown by Rhizobium isolated from rhizosphere soil of  
wheat and maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l)   
 

 

 

(+) means positive reaction and (-) means no reaction 

WKRS: Rhizobium isolated from rhizosphere soil of wheat grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizosphere soil of wheat grown at Narh (2400 m.a.s.l) 

MKRS: Rhizobium isolated form rhizosphere soil of maize grown at Kahuta (1666 m.a.s.l) 

M NRS: Rhizobium isolated from rhizosphere soil of maize grown at Narh (2400 m.a.s.l) 

Reactions  Tests W KRS W NRS M KRS M NRS 

CS Colony shape  Round  transparent Non-
mucilagnous 

 

CES Cell shape  Rods  Rods Rods Rods 

CM Cell motility Non- motile Non- motile Non- motile Non- motile 

GS Gram staining -ive -ive -ive -ive 
Oxid Oxidase + + + + 
Cat Catalase + + + + 
ONPG Ortho nitro phenyl 

-D 
galactophyranoside 

+ + + + 

CIT Sodium citrate  - - - - 

MALO Sodium melonate  - - - - 
LDC Lysine 

decarboxylase  
+ + + + 

ADH Arginine 
dihydrolase  

- - + - 

ODC Ornithine 
decarboxylase  

+ - + - 

H2S H2S production  + + + + 
Urea Urea hydrolysis - - - - 
TDA Tryptophan 

deaminase  
- + + + 

IND Indole  - - - - 
VP Voges proskaur  + + + + 
Gel Gelatin hydrolysis - - - - 
Glu Acid from glucose  + - - + 
MAL Acid from maltose  + + + + 
SUC Acid from sucrose  + + - - 
MAN Acid from mannose + + + + 
ARA Acid from arabinose + - - + 
RHA Acid from rhamnose + - + - 
SOR Acid from sorbitol + + + + 
INO Acid from ionositol + - + - 
ADON Acid from adonitol + - + - 
MEL Acid from melibiose + + + + 
RAF Acid from raffinose + + + - 
Organism 
identified 

 
Rhizobium sp. 

 
Rhizobium sp. 

 
Rhizobium sp. 

 
Rhizobium sp. 

 
Rhizobium sp. 
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Table 2 Colony count (cfu/ml) of Rhizobium isolated from rhizospheric soil 
of wheat and maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) 

 

 

 

 

 

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

  

Bacterial isolates CFU/ml 

WKRS 3.55 x 107 b 

MKRS 3.75 x 107 a 

WNRS 1.50 x 107 d 

MNRS 1.77 x 107   c 
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Table 3 Production of phytohormones (IAA, GA and ABA) (µg/ml) by 

rhizobial isolate in cell free culture. 5d old rhizobial culture was used in 

broth to determine the ability of phytohormones production.  

 

 

 

 

 

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

  

Treatments IAA  

 

GA 

 

ABA 

 

WKRS 68 a 295 c 40 c 

MKRS 50 b 341 b 44 c 

WNRS 34 c 277 a 59 b 

MNRS 30 c 263 c 66a 
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Table 4 Phytohormone production in leaves of mungbean (µg/ml) 

inoculated with Rhizobium isolated from rhizospheric soil of wheat and 

maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l)  

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

  

Treatments 

 

 

IAA 

(2007) 

 

IAA 

(2008) 

Mean 

 

GA 

(2007) 

 

GA 

(2008) 

 

Mean 

 

ABA 

(2007) 

 

ABA 

(2008) 

 

Mean 

 

Control 

 

31 d  23 e 27 e 351 e 247 f 349 e 19 d  21 c  20 c 

WKRS 75b  68 d 71 b 889 b  880 b 885 b 34 c  46 a  40 b 

MKRS 85a  80 a  83 a 985 a  906 a  946 a 40 b  44 a  42 b 

WNRS 47e  50 c  48 a 865 b  854 b  759 c 51 b  54 a 53 a 

MNRS 

 

64c  68 c  66 c 685 e  666 e 694 d 54 b  57 a  55 a 
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Table 5 Phytohormone production in roots of mungbean(µg/ml) inoculated 

with Rhizobium isolated from rhizospheric soil of wheat and maize grown 

at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l)  

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

  

Treatments 

 

 

IAA 

(2007) 

 

IAA 

(2008) 

 

Mean 

 

GA 

(2007) 

 

GA 

(2008) 

 

Mean 

 

ABA 

(2007) 

 

ABA 

(2008) 

 

Mean 

 

Control 

 

28 e  22 e  25 d 349 f  27 f  281e 15 d 10 e 12 e 

WKRS 71 a  68 b  69 a 612 a  603 a  507 b 38 b  35 b 37 b 

MKRS 56 c  58 c  57 b 631 a 632 a  630 a 38 b 40 b 39b 

WNRS 54 c 56 c  55 b 565 b  364 c  365 d 52 a 50 a 51a 

MNRS 

 

39 e  43 d  41 c 501 c  489 b 495 c 56 a 50 a 53 a 
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Table 6 Effect of Rhizobium inoculation on plant height (cm) of mungbean 

plants. Rhizobium was isolated from rhizospheric soil of wheat and maize 

grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) and inoculated on 

mungbean plants 

 

 

 

 

 

 

 

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

  

Treatments Plant height  

(2007  

Plant height  

(2008 ) 

 

Mean 

Control 28 c 18 e  23 d 

WKRS 46 a 44 b  45 b 

MKRS 42 b 45 b 43 b 

WNRS 27 c 30 a  28 c 

MNRS 

 

23 d 22 f 21 d 
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Table 7 Effect of Rhizobium inoculation on root length (cm) of mungbean 

plants. Rhizobium was isolated from rhizospheric soil of wheat and maize 

grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) and inoculated on 

mungbean plants  

 

Treatments Root length  

      (2007 ) 

Root length  

(2008 )  

Mean 

Control 18 c 22 b  20 b 

W KRS 35 a 31 a  33 a 

M KRS 33 a 30 b 32 a 

W NRS 18 c 24 c  21 b 

M NRS 

 

20 b  22 d 21 b 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 
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Table 8 Analysis of correlation between phytohormones (IAA GA ABA) 
level produced in cell free culture and leaves of mungbean inoculated with 
Rhizobium isolated from rhizospheric soil of wheat and maize grown at 
Kahuta and Narh  

 

 

Table 9Analysis of correlation between phytohormoness (IAA GA ABA) 
level produced in cell free culture and roots of mungbean inoculated with 
Rhizobium isolated from rhizospheric soil of wheat and maize grown at 
Kahuta and Narh 

 

Figure in parentheses represents probability values 

*=Significant       **= Highly significant 

 

 

 IAA produced in 

mungbean leaves 

GA produced in 

mungbean leaves 

 ABA produced in mungbean 

leaves 

IAA in cell free culture 0.81 

(0.7) 

  

GA in cell free culture  -0.08 

(0.91) 

 

ABA in cell free culture   -0.70 

(0.25) 

 IAA produced in 

mungbean roots  

GA produced in 

mungbean roots 

 ABA produced in mungbean roots 

IAA in cell free culture 0.74 

(0.22) 

  

 

GA in cell free culture  

 

0.003 

(0.99) 

 

ABA in cell free culture   -0.78 

(0.17) 
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Table 10 Effect of inoculation of Rhizobium isolated from rhizospheric soil 

of wheat and maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) 

on number of nodules per plant of mungbean plants  

 

 

 

 

 

 

 

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

  

Treatments Number of nodules 

per plant 

(2007) 

Number of nodules 

per plant 

(2008) 

            Mean 

W KRS 22 a 20 a  21 a 

M KRS 19 b 18 b  18 b 

W NRS 7 f 12 c  13 c 

M NRS 

 

9 e 7 e 8 d 
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Table 11 Streptomycin resistance test as measured by cfu/ml for Rhizobium 

isolated from rhizospheric soil of wheat and maize grown at Kahuta and 

Narh 5d old Rhizobial culture was treated with streptomycin  

Concentration (mg/100mL added 

 

 

 

 

 

 

 

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

Bacterial 

isolates 

1 2 3 4 5 

W KRS 2.7x107c 2.2x107c 2.1x107c 0.4x107d Nil 

M KRS 2.6x107c 2.4x107c 2.1x107c 0.9x107c         Nil 

W NRS 

  3.2x107b 2.9x107a 2.2x107b 1.3x107b         Nil 

 

M NRS 

  3.5x107 a 

 

2.6x107b 2.3x107a 1.4x107a          Nil 
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Table 12 Kanamycin resistance test as measured by cfu/ml for Rhizobium 

isolated from rhizospheric soil of wheat and maize grown at Kahuta and 

Narh 24 hours old Rhizobial culture was treated with streptomycin  

Concentration (mg/100mL added 

 

 

 

 

 

 

 

 

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

Bacterial 

isolates 

1 2 3 4 5 

W KRS 2.4x107 d 1.9x107 c 1.3x107 d 0.8 x107 d       Nil 

 

M KRS 2.8x107c 1.8x107 d 1.4x107 c 0.91x107 c         Nil 

W NRS 
3.7x107 a 2.3x107 b 2.1x107 b 1.8x107 a         Nil 

 

M NRS 
3.5- x10 b 

 

3.1x107 a 2.3x107 a 1.5x107 b           Nil 
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Table 13 Cadmium (Cd) tolerance test as measured by cfu/ml for 

Rhizobium isolated from rhizospheric soil of wheat and maize grown at 

Khuta and Narh 72 h old rhizobial culture was treated with Cd 

Concentration (mM) added 

 

 

 

 

 

 

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

Rhizobial 

isolates 

1 2 3 4 5 

WKRS 2.8x107b 2.4x107 C 1.9x107C 03x107 C Nil 

MKRS 2.9x107b 2.5x107 b 2.0x107c 0.6x107 c         Nil 

WNRS  3.5x107a 2.8x107  b 2.1x107b 1.2x107 c         Nil 

MNRS 

  3.7 x107 a 

 

2.7x107 b 2.4x107c 1.3x107 c           Nil 
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Table 14 Zinc (Zn) tolerance test as measured by cfu/ml for Rhizobium 

isolated from rhizospheric soil of wheat and maize grown at Khuta and 

Narh 72 h old rhizobial culture was treated with Zn 

Concentration (mM) added 

 

 

 

 

 

 

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

  

Rhizobial  

isolates 

1 2 3 4 5 

WKRS 2.5x107a 1.8x107c 2.0x107c 0.4x107d       Nil 

MKRS 2.6x107a 2.0x107c 2.2x107c 0.7x107d         Nil 

WNRS 3.2x107b 2.8x107b 2.3x107c 1.0x107d         Nil 

MNRS 

3.5- x107 b 

 

2.9x107c 2.4x107b 1.2x107d          Nil 
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Table 15 Nickel (Ni) tolerance test as measured by cfu/ml for Rhizobium 

isolated from rhizospheric soil of wheat and maize grown at Khuta and 

Narh 72 h old rhizobial culture was treated with Ni 

Concentration (mM) added 

 

 

 

 

 

 

 

 

WKRS: Rhizobium isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKRS: Rhizobium isolated form rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNRS: Rhizobium isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NRS: Rhizobium isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

  

Rhizobial 

isolates 

1 2 3 4 5 

WKRS 2.3x107a 2.4x107c 2.0x107c   0.3x107d       Nil 

MKRS 2.7x107a 2.2x107c 2.1x107c 0.7x107d         Nil 

WNRS 3.5x107b 2.8x107b 2.0x107c 1.2x107d         Nil 

MNRS 

3.5- x107 b 

 

2.8x107c 2.2x107b 1.5x107d          Nil 
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Table 16 QTS tests shown by Azospirillum isolated from rhizosphere soil of 
wheat and maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) 
 
 
 

 

(+) means positive reaction and (-) means no reaction 

WKAS: Azospirillum isolated from rhizosphere soil of wheat grown at Kahuta (1666 

m.a.s.l) 

WNAS: Azospirillum isolated from rhizosphere soil of wheat grown at Narh (2400 m.a.s.l) 

MKAS: Azospirillum isolated from rhizosphere soil of maize grown at Kahuta (1666 

m.a.s.l) 

MNAS: Azospirillum isolated from rhizosphere soil of maize grown at Narh (2400 m.a.s.l) 

 

  

Reactions  Tests W KAS W NAS M KAS M NAS 

 Cell shape  Rods  Rods Rods Rods 

 Cell motility Non- motile Non- motile Non- motile Non- motile 

 Gram staining -ive  -ive -ive -ive 
 Oxidase + + + + 
 Catalase + + + + 
ONPG Ortho nitro phenyl B-D-

galactophyranoside 
+ + + + 

CIT Sodium citrate  + - + - 

MALO Sodium melonate  + - + -
LDC Lysine decarboxylase  + + + + 
ADH Arginine dihydrolase  + - + - 
ODC Ornithine decarboxylase  + + + - 
H2S H2S production  + + + + 
Urea Urea hydrolysis + - - -
TDA Tryptophan deaminase  + - + - 

IND Indole  - - - - 
VP Voges proskaur  + + + + 
Gel Gelatin hydrolysis + - - - 
Glu Acid from glucose  + - + + 
MAL Acid from maltose  + + + - 
SUC Acid from sucrose  + + + - 
MAN Acid from mannose + - + -
ARA Acid arabinose + - + - 
RHA Acid from rhamnose  + - + - 
SOR Acid from sorbitol + - + - 
INO Acid from ionositol + - + + 
ADON Acid from adonitol + - + -
MEL Acid from melibiose + + + + 
RAF Acid from raffinose + - + - 
Organism 
identified 

 Azospirillum sp. Azospirillum sp. Azospirillum sp. Azospirillum sp.
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Table 17 QTS tests shown by Azospirillum isolated from roots of wheat and 
maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) 

 
 

(+) means positive reaction and (-) means no reaction 

W KAR: Azospirillum isolated from root of wheat grown at Kahuta (1666 m.a.s.l) 

W NAR: Azospirillum isolated from root of wheat grown at Narh (2400 m.a.s.l) 

M KAR: Azospirillum isolated from root of maize grown at Kahuta (1666 m.a.s.l) 

M NAR: Azospirillum isolated from root of maize grown at Narh (2400 m.a.s.l 
 

Reactions  Tests W KAR W NAR M KAR M NAR 

 Cell shape  Plump Rods Plump Rods Plump Rods  Plump Rods 

 Cell motility Non- motile Non- motile Non- motile Non- motile 

 Gram staining -ive  -ive -ive -ive 
 Oxidase + + + + 
 Catalase + + + + 
ONPG Ortho nitro phenyl B-D-

galactophyranoside 
+ + + + 

CIT Sodium citrate  + - + - 

MALO Sodium melonate  + - + + 
LDC Lysine decarboxylase  + + + + 
ADH Arginine dihydrolase  + - + - 
ODC Ornithine decarboxylase  + + + - 
H2S H2S production  + + + + 
Urea Urea hydrolysis - - - - 
TDA Tryptophan deaminase  + - + - 
IND Indole  - - - - 
VP Voges proskaur  + - - - 
Gel Gelatin hydrolysis + - + - 
Glu Acid from glucose  + - + + 
MAL Acid from maltose  + + + - 
SUC Acid from sucrose  + - + - 
MAN Acid from mannose + - + - 
ARA Acid arabinose + - + - 
RHA Acid from rhamnose  + - + + 
SOR Acid from sorbitol + - + - 
INO Acid from ionositol + - + + 
ADON Acid from adonitol + - + + 
MEL Acid from melibiose + + + + 
RAF Acid from raffinose + - + - 
Organism 
identified  

 
Azospirillum sp. 

 
Azospirillum sp. 

 
Azospirillum sp. 

 
Azospirillum sp. 

 
Azospirillum sp. 
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Table 18 Colony count (cfu/ml) of Azospirillum isolated from rhizospheric 
soil and roots of wheat and maize grown at Kahuta (1666 m.a.s.l) and Narh 
(2400 m.a.s.l) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 

 

Azospirillum CFU/ml 

 

WKAS 

 

3.57 x 107   b 

MKAS 

 

3.20x 107  d 

WNAS 

 

1.85 x 107  f 

MNAS 

              

  1.78x 107  g 

WKAR 
3.81 x 107  a 

MKAR 

 

3.34x 107  c 

WNAR 

 

2.0x 107  e 

MNAR  1.89x 107  f 
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Table 19 Phytohormones (IAA, GA and ABA µg/ml) produced by 

Azospirillum isolated from rhizospheric soil in cell free culture. 5d old 

culture was used in broth to determine the ability of phytohormones 

production.  

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

 

 

 

Treatments IAA  GA  ABA  

WKAS 41 b 765 a 31 b 

MKAS 45 a 709 b 29 b 

WNAS 28 c 583 c 55 a 

MNAS 26 c 533 d 53 a 
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Table 20 Phytohormones (IAA, GA and ABA µg/ml) produced by 

Azospirillum in cell free culture. 5d old culture was used in broth to 

determine the ability of phytohormones production.  

 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 

 

 

Treatments IAA (µg/ml) GA (µg/ml) ABA (µg/ml) 

WKAR 66 a 666 a 35 b 

MKAR 54 b 613  b 40 b 

WNAR 33 c 423 d 54 a 

MNAR 27 d 459 c 53 a 
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Table 21 Phytohormone production (µg/ml) in leaves of maize inoculated 

with Azospirillum isolated from root of wheat and maize grown at Kahuta 

and Narh  

  

Treatments 

 

 

IAA  

(2007) 

 

IAA  

(2008) 

 

Mean 

 

GA 

(2007) 

 

GA  

(2008) 

 

Mean 

 

ABA  

(2007) 

 

ABA  

(2008) 

 

Mean 

 

Control 

 

23 e  19 f 21 e 212 d  268 d 240 e 30 e  27 f  28 e 

W KAR 50 b  59 b 54 b 878 a 887 a  885a 35 f  50 c 42c 

M KAR 79 a  54 a 74 a 857 a  846 a 851 b 33 e 30 d 35 d 

W NAR 34 d 30 d 30 d 653 b 679 b 666 c 50 b  67 b 58 b 

M NAR 38 d 24 e 40 c 595 c  540 c 567 d 58 a 71 a  64 a 

 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 
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Table 22 Phytohormone production (µg/ml) in roots of maize by 

Azospirillum isolated from root of wheat and maize grown at Kahuta (1666 

m.a.s.l) and Narh (2400 m.a.s.l). 

 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 

 

  

Treatments 

 

 

IAA  

(2007) 

 

IAA     

(2008) 

 

Mean 

 

GA  

(2007) 

 

GA  

(2008) 

 

Mean 

 

ABA 

(2007) 

 

ABA  

(2008) 

 

Mean 

 

Control 

 

18 f  20 e  19 f 360 a  329 b 344 a 24 c  21 c 22 c 

WKAR 59 a  61 a 60 a 749 a 774 a 761 a 29 d  33 c   31 b 

MKAR 56 a 68 a 62a 770 a  778 a 774 a 33 c 25 d  29 c 

WNAR 35 d  37 d 36 b 574 c  502 c 542 c 66 a  54 b 60 a 

MNAR 41 c 37 d  39 b 600 b 646 b 623 b 48 b  66 a 65a 
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Table 23 Phytohormone production in leaves of maize inoculated with 

Azospirillum isolated from rhizospheric soil of wheat and maize grown at 

Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l). 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

Treatments 

 

 

IAA 

(2007) 

 

IAA 

(2008) 

 

Mean 

 

GA 

(2007) 

 

GA 

(2008) 

 

Mean 

 

ABA 

(2007) 

 

ABA 

(2008) 

 

Mean 

 

Control 

 

7 f  19 d  16 d 289 e 229 f 259 e 26 e 16 f 21 e 

WKAS 39 a  42 b 40 b 693 a  685 a 689 a 40 c  38 d 39 c 

MKAS 36 a 57 a  

 

46 a 576 b 468 b 522 b 37 d 25 e 31 d 

WNAS 21 b 27 b 24 c 540 c  480 c 510 c 67 a  57 b 62 a 

MNAS 25 b  28 b 27 c 503 d  388 d 445 d 52 b 48 c 50 b 
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Table 24 Phytohormone production in roots of maize inoculated with 

Azospirillum isolated from rhizospheric soil of wheat and maize grown at 

Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l). 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

  

Treatments 

 

 

IAA 

(2007) 

 

IAA 

(2008) 

 

Mean 

 

GA 

(2007) 

 

GA 

(2008) 

 

Mean 

 

ABA 

(2007) 

 

ABA 

(2008) 

 

Mean 

 

Control 

 

13 d 21 e 17 d 279 e 270 e 276 d 26 d 22 c 21c  

W KAS 40 b 45 a 43 a 652 a 638 b 645 a 33 c 36 c 35 b 

M KAS 45 a 48 a  47a 633 a 677 a 655 a 34 c 38 c 36 b 

W NAS 30 c 26 d 28 c 413 c 426 c 421 c 62 a 58 b 60a 

M NAS 31 c 41 b  36 b 495 b 398 d 446 b 59 b 65 a 62 a 
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Table 25 Effect of inoculation with Azospirillum strains on plant height 

(cm) of maize isolated from root of wheat and maize grown at Kahuta 

(1666 m.a.s.l) and Narh (2400 m.a.s.l)  

 

 

 

 

 

 

 

 

 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 

 

  

Treatments Plant height  

(2007) 

Plant height   

(2008) 

Mean 

Control 25 d 26 d 28 d 

WKAR 39 b 42 b  40b 

MKAR 49 a 45 a 47 a 

WNAR 28 d 30 c 29 d 

MNAR 

 

30 c 36 c 33 c 
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Table 26 Effect of inoculation of Azospirillum strains on plant height (cm) 

of maize isolated from rhizospheric soil of wheat and maize grown at 

Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l)  

 

 

 

 

 

 

 

 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

  

Treatments Plant height  

(2007) 

Plant height  

(2008) 

Mean 

Control 25 f 28 e 27 e 

W KAS 37 c 43 b  45 b 

M KAS 50 a 46 b  48 a 

W NAS 28 e 40 b 38 c 

M NAS 

 

33 d 37 c 35 c 
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Table 27 Effect of Azospirillum inoculation on root length (cm) of 

mungbean plants. Azospirillum was isolated from rhizospheric soil of wheat 

and maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) and was 

inoculated on 

maize plants 

 

 

 

 

 

 

 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

  

Treatments Root length  

     (2007) 

Root length 

 (2008)   

Mean 

Control 19 d 21c  20 d 

W KAS 40 a 38 b 39 b 

M KAS 39 a 40 a 40 a 

W NAS 23 c 25 c 24 c 

M NAS 

 

25 b 30 b 28 b 
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Table 28 Effect of Azospirillum inoculation on root length (cm) of maize 

plants. Azospirillum was isolated from roots of wheat and maize grown at 

Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) and was inoculated on maize 

plants  

 

 

 

 

 

 

 

 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

 

Treatments Root length 

     (2007 )  

Root length  

(2008)   

Mean 

Control 17 d 21 c 19 d 

WKAS 40 a 41 a  40 a 

MKAS 38 b 41 a 40 a 

WNAS 22 c 26 c 24 c 

MNAS 

 

25 c 27 c 26 b 
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Table 29Analysis of correlation between phytohormones (IAA GA ABA) 

level produced in cell free culture and leaves of maize inoculated with 

Azospirillum isolated from roots of wheat and maize grown at Kahuta and 

Narh  

  

Figure in parentheses represents probability values 

*=Significant       **= Highly significant 

Table 30 Analysis of correlation between phytohormones (IAA GA ABA) 

level produced in cell free culture and roots of maize inoculated with 

Azospirillum isolated from roots of wheat and maize grown at Kahuta and 

Narh 

 

Figure in parentheses represents probability values 

*=Significant       **= Highly significant 

 IAA produced in 

maize leaves  

GA produced in maize 

leaves  

 ABA produced in maize leaves 

IAA in cell free culture 0.82 

(0.13) 

  

 

GA in cell free culture  

 

0.73 

(0.22) 

 

ABA in cell free culture   0.03 

(0.97) 

 IAA produced in 

maize roots  

GA produced in maize 

roots 

 ABA produced in maize roots 

IAA in cell free culture 0.78 

(0.17) 

  

 

GA in cell free culture  

 

   0.58 

(0.39) 

 

ABA in cell free culture   -0.12 

(0.87) 
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Table 31 Analysis of correlation between phytohormones (IAA GA ABA) 

level produced in cell free culture and leaves of maize inoculated with 

Azospirillum isolated from rhizospheric soil of wheat and maize grown at 

Kahuta and Narh  

  

Table 32 Analysis of correlation between phytohormones (IAA GA ABA) 

level produced in cell free culture and roots of maize inoculated with 

Azospirillum isolated from rhizospheric soil of wheat and maize grown at 

Kahuta and Narh 

 

Figure in parentheses represents probability values 

*=Significant       **= Highly significant 

 IAA produced in 

maize leaves  

GA produced in maize 

leaves  

 ABA produced in maize leaves 

IAA in cell free culture -0.01 

(0.99) 

  

 

GA in cell free culture  

 

0.94 

(0.03) 

 

ABA in cell free culture   -0.83 

(0.12) 

 IAA produced in 

maize roots  

GA produced in maize 

roots 

 ABA produced in maize roots 

IAA in cell free culture -0.18 

(0.81) 

  

 

GA in cell free culture  

 

    

0.89 

(0.07) 

 

ABA in cell free culture   -0.21 

(0.77) 
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Table 33 Streptomycin resistance test for Azospirillum as measured by 

cfu/ml for Azospirillum isolated from roots of wheat and maize grown at 

Kahuta and Narh .5d old Azospirillum culture was treated with 

streptomycin  

                            Concentration (mg/100mL added 

 

 

 

 

 

 

 

 

 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 

 

 

 

Azospirillum 

isolates 

1 2 3 4 5 

WKAR 2.5x107d 2..0x107d 1.5 x 107b 1.0x107c       Nil 

M KAR 2.9x107c 2.3x107c 1.3x107c 0.8x107d         Nil 

WNAR 

3.7x107a 2.6x107a 2.1x107a 1.5.0x107a         Nil 

 

MNAR 

3.6x107 b 

 

2.5x107b 1.5x107b 1.4x107b          Nil 
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Table 34 Streptomycin resistance test for Azospirillum as measured by 

cfu/ml for Azospirillum isolated from rhizospheric soil of wheat and maize 

grown at Kahuta and Narh.5d old Azospirillum culture was treated with 

streptomycin  

Concentration (mg/100mL added 

 

 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

  

Azospirillum 

isolates 

1 2 3 4 5 

WKAS 2.6x107d 1.5x107d 1.3x107c 0.9x107e       Nil 

MKAS 2.8x107c 2.5x107c 1.7.1x107b 1.0x107c         Nil 

WNAS 

3.8x107a 2.9x107a 2.0x107a 1.5x107b         Nil 

 

M NAS 

3.6x107 b 

 

2.6x107b 2.0x107a 1.7x107a          Nil 
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Table 35 Kanamycin resistance test for Azospirillum as measured by cfu/ml 

for Azospirillum isolated from rhizospheric soil of wheat and maize grown 

at Kahuta and Narh. 5d old Azospirillum culture was treated with 

streptomycin  

Concentration (mg/100mL added 

 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

Azospirillum  

isolates 

1 2 3 4 5 

WKAS 2.9x107c 2.6x107b 1.5x107c 1.0 x107c       Nil 

 

MKAS 2.9x107c 1.7x107d 1.4x107d 0.9x107d         Nil 

WNAS 

3.8x107a 2.7x107a 2.5x107a 1.6x107a         Nil 

 

MNAS 

3.6 x107 b 

 

2.4x107c 2.2x107b 1.5x107b          Nil 
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Table 36 Kanamycin resistance test for Azospirillum as measured by cfu/ml 

for Azospirillum isolated from roots of wheat and maize grown at Kahuta 

and Narh. 5d old Azospirillum culture was treated with 

Concentration (mg/100mL) added 

 

 

 

 

 

 

 

 

 

 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 

Azospirillum  

     isolates 

1 2 3 4 5 

W KAR 2.7x107d 1.2x107d 1.1x107d 0.8 x107d       Nil 

 

M KAR 2.9x107c 1.6x107c 1.4x107c 1.ox107c         Nil 

W NAR 

3.5x107a 2.7x107a 2.3x107a 1.6x107b         Nil 

 

M NAR 

3.2x107 b 

 

2.3x107b 2.0x107b 1.7x107a          Nil 
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Table 37 Cadmium (Cd) tolerance test as measured by cfu/ml for 

Azospirillum isolated from rhizospheric soil of wheat and maize grown at 

Khuta and Narh 72 h old rhizobial culture was treated with Cd 

Concentration (mM) added 

 

 

 

 

 

 

 

 

 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

Azospirillum 

isolates 

1 2 3 4 5 

WKAS 2.4x107a 2.0x107c 1.3x107c 1.0x107d       Nil 

MKAS 2.8x107a 2.4x107c 1.2x107c 0.7x107d         Nil 

WNAS 3.8x107b 2.6x107b 2.2x107c 1.4x107d         Nil 

MNAS 

3.7- x107 b 

 

2.7x107c 1.6x107b 1.3x107d          Nil 
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Table 38 Cadmium (Cd) tolerance test as measured by cfu/ml for 

Azospirillum isolated from root of wheat and maize grown at Khuta and 

Narh. 72 h old rhizobial culture was treated with Cd  

Concentration (mM) added 

 

 

 

 

 

 

 

 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

Azospirillum 

isolates 

1 2 3 4 5 

WKAR 2.5x107a 1.6x107c 1.5x107c 0.8x107d       Nil 

MKAR 2.8x107a 2.5x107c 1.7x107c 1.1x107d         Nil 

WNAR 3.8x107b 2.9x107b 2.0x107c 1.4x107d         Nil 

MNAR 

3.6 x107 b 

 

2.6x107c 2.1x107b 1.8x107d          Nil 
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Table 39 Zinc (Zn) tolerance test as measured by cfu/ml for Azospirillum 

isolated from rhizospheric soil of wheat and maize grown at Khuta and 

Narh 72 h old rhizobial culture was treated with Zn  

Concentration (mM) added 

 

 

 

 

 

 

 

 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

Azospirillum 

isolates 

1 2 3 4 5 

WKAS 2.5x107a 1.4x107c 1.1x107c 0.7x107d       Nil 

MKAS 2.4x107a 2.2x107c 1.3x107c 1.2x107d         Nil 

WNAS 3.8x107b 2.9x107b 2.2x107c 1.3x107d         Nil 

MNAS 

3.9- x107 b 

 

2.5x107c 2.1x107b 1.8x107d          Nil 
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Table 40 Zinc (Zn) tolerance test as measured by cfu/ml for Azospirillum 

isolated from root of wheat and maize grown at Khuta and Narh 72 h old 

rhizobial culture was treated with Zn  

Concentration (mM) added 

 

 

 

 

 

 

 

 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 

 

Azospirillum 

isolates 

1 2 3 4 5 

WKAR 2.3x107a 2.1x107c 1.0x107c 0.4x107d       Nil 

MKAR 2.8x107a 2.3x107c 1.3x107c 0.3x107d         Nil 

WNAR 3.6x107b 2.6x107b 2.1x107c 1.0x107d         Nil 

MNAR 

3.4- x107 b 

 

2.5x107c 1.5x107b 1.4x107d          Nil 
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 Table 41 Nickel (Ni) tolerance test as measured by cfu/ml for Azospirillum 

isolated from rhizospheric soil of wheat and maize grown at Khuta and 

Narh 72 h old rhizobial culture was treated with Ni 

Concentration (mM) added 

 

 

 

 

 

 

 

 

WKAS: Azospirillum isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

MKAS: Azospirillum isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

WNAS: Azospirillum isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

MNAS: Azospirillum isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

  

Azospirillum 

isolates 

1 2 3 4 5 

WKAS 2.6x107b 2.1x107c 1.5x107c 1.1x107d       Nil 

MKAS 2.8x107b 2.1x107c 1.4x107c 0.7x107d         Nil 

WNAS 3.1x107a 2.5x107b 2.0x107c 1.0x107d         Nil 

MNAS 

3.6- x107 a 

 

2.3x107c 1.6x107d 1.3x107d          Nil 
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Table 42 Nickel (Ni) tolerance test as measured by cfu/ml for Azospirillum 

isolated from root of wheat and maize grown at Khuta and Narh 72 h old 

rhizobial culture was treated with Ni 

Concentration (mM) added 

 

 

 

 

 

 

 

 

WKAR: Azospirillum isolated from roots of wheat grown at Kahuta (1666 m.a.s.l) 

MKAR: Azospirillum isolated from roots of maize grown at Kahuta (1666 m.a.s.l) 

WNAR: Azospirillum isolated from roots of wheat grown at Narh (2400 m.a.s.l) 

MNAR: Azospirillum isolated from roots of maize grown at Narh (2400 m.a.s.l) 

  

Azospirillum 

isolates 

1 2 3 4 5 

WKAR 2.4x107b 1.3x107d 1.0x107d 0.9x107e       Nil 

MKAR 2.8x107b 2.5x107c 1.1x107d 0.8x107e         Nil 

WNAR 3.7x107a 2.4x107b 2.3x107b 1.2x107d         Nil 

MNAR 

3.7- x107 a 

 

2.3x107c 2.1x107c 1.3x107d          Nil 
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Table 43 QTS tests shown by PSB isolated from rhizosphere soil of wheat and 
maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) 
 

 

(+) means positive reaction and (-) means no reaction 

W KPS:  PSB isolated from rhizosphere soil of wheat grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizosphere soil of wheat grown at Narh (2400 m.a.s.l) 

M KPS:  PSB isolated from rhizosphere soil of maize grown at Kahuta (1666 m.a.s.l) 

M NPS:  PSB isolated from rhizosphere soil of maize grown at Narh (2400 m.a.s.l) 

 

Reactions  Tests W KPS W NPS M KPS M NPS 

 Cell motility Non- motile Non- motile Non- motile Non- motile 

 Gram staining -ive -ive -ive -ive 
 Oxidase + + + + 
 Catalase + + + + 
ONPG Ortho nitro phenyl B-D-

galactophyranoside 
+ + + + 

CIT Sodium citrate  + - + - 

MALO Sodium melonate  + - + - 
LDC Lysine decarboxylase + + + - 
ADH Arginine dihydrolase  + - + - 
ODC Ornithine 

decarboxylase  
+ + + - 

H2S H2S production  + + + - 
Urea Urea hydrolysis + - - - 
TDA Tryptophan deaminase  + - + - 

IND Indole  - - - - 
VP Voges proskaur  + + + + 
Gel Gelatin hydrolysis + + + - 
Glu Acid from glucose  + - + + 
MAL Acid from maltose  + - + - 
SUC Acid from sucrose  + + + - 
MAN Acid from mannose - - + - 
ARA Acid arabinose + + + - 
RHA Acid from rhamnose + + + - 
SOR Acid from sorbitol + - + + 
INO Acid from ionositol + + + + 
ADON Acid from adonitol - + + - 
MEL Acid from melibiose + - + - 
RAF Acid from raffinose + - + - 
Organism 
identified  

 
Pseudomonas sp. 

 
Pseudomonas sp. 

 
Pseudomonas 
sp.

 
Pseudomonas 
sp.

 
Pseudomonas sp. 
 

 

 

  



95 
 

Table 44 Colony count (cfu/ml) of PSB isolated from rhizospheric soil of 

wheat and maize grown at Kahuta and Narh 

 

 

 

 

 

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

  

PSB isolates CFU/ml 

WKPS          3.68 x 107 a 

MKPS          3.31x 107 b 

WNPS          1.88 x 107 d 

MNPS          1.95x 107 c 



96 
 

Table 45 Phytohormones (IAA, GA and ABA) (µg/ml) produced by PSB 

isolates in cell free culture. PSB isolated from root of wheat and maize 

grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) were inoculated in 

broth culture and their ability to produce Phytohormone was determined 

in 5 d old broth culture 

Treatments IAA  GA  ABA  

WKPS 92 a 781a 38 b 

MKPS 89 a 697 b 44 b 

WNPS 71 c 525 d 68 a 

MNPS 77 b 545 c 74 a 

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 
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Table 46 Phytohormone production in leaves (µg/ml) of maize inoculated 

with PSB isolated from rhizospheric soil of wheat and maize grown at 

Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l)  

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

 

Treatments 

 

 

IAA  

 (2007) 

IAA  

 (2008) 

 

Mean 

 

GA  

(2007) 

 

GA  

(2008) 

 

Mean 

 

ABA  

 (2007) 

 

ABA  

(2008) 

 

Mean 

 

Control 

 

32 e 28 f   30 e 276 e  266 e 271 e 16 c 13 d 15 d 

WKPS 82 a 77 b 79 a 660 a  645 a  653 a 31 b 28 d 29 c 

MKPS 66 b 73 b 69 b 645 b 622 b 634 b 33 b 35 c 34 b 

WNPS 48 d 58 c 53 c 439 d 403 c 421 d 55 a 58 b 57 a 

MNPS 51 c  43 d 47 d 490 c  395 d  442 c  58 a 64 a 61 a 
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Table 47 Phytohormone production in roots (µg/ml) of maize inoculated 

with PSB isolated from rhizospheric soil of wheat and maize grown at 

Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) 

 

Treatments 

 

 

IAA 

(2007) 

 

IAA 

(2008) 

 

Mean 

 

GA 

(2007) 

 

GA 

(2008) 

 

Mean 

 

ABA 

(2007) 

 

ABA 

(2008) 

 

Mean 

 

Control 

 

21 d  24 d  22 d 226 e 247 e  236 d 31 d  19 e 25 c  

WKPS 71 a 84 a 78 a 556 b 576 a 566 b 46 c 34 d  40 b  

MKPS 76 a 83 a  80 a 577 a 595 a  586 a 41 c 46 c 44 b 

WNPS 40 c 44 c 42 b 398 c 342 c 349 c 69 a 60 b 65 a 

MNPS 43 b  31d  37 b 326 d 373 d  350 c 61 b 63 a 62 b 

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 
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Table 48 Analysis of correlation between phytohormones (IAA GA ABA) 

level produced in cell free culture and leaves of maize inoculated with PSB 

isolated from rhizospheric soil of wheat and maize grown at Kahuta and 

Narh  

  

 IAA produced in 

maize leaves  

GA produced in maize 

leaves  

 ABA produced in maize leaves 

IAA in cell free culture -0.10 

(0.89) 

  

 

GA in cell free culture  

 

0.82 

(0.7) 

 

ABA in cell free culture   -0.02 

(0.98) 

 

Table 49 Analysis of correlation between phytohormones (IAA GA ABA) 

level produced in cell free culture and roots of maize inoculated with PSB 

isolated from rhizospheric soil of wheat and maize grown at Kahuta and 

Narh 

 

Figure in parentheses represents probability values 

*=Significant       **= Highly significant 

 IAA produced in 

maize roots  

GA produced in maize 

roots 

 ABA produced in maize roots 

IAA in cell free culture -0.11 

(0.88) 

  

 

GA in cell free culture  

 

0.46 

(0.52) 

 

ABA in cell free culture   0.42 

(0.56) 
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Table 50  Effect of PSB inoculation on plant height of maize inoculated 

with PSB isolated from rhizospheric soil of wheat and maize grown at 

Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l)  

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

Treatments Plant height (cm) 

    (2007) 

Plant height  (cm)  

      (2008)        

Mean 

Control 21 e 18 e 19 e 

WKPS 42 b 43 a 42 b 

MKPS 48 a 49 a 48 a 

WNPS 36 c 31 d 30 e 

MNPS 

 

32 d 35 d 33 d 
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Table 51 Effect of PSB inoculation on root length of maize isolated from 

rhizospheric soil of wheat and maize grown at Kahuta (1666 m.a.s.l) and 

Narh (2400 m.a.s.l)  

 

Treatments Root length  (cm) 

    (2007)  

Root length  (cm) 

    (2008)  

Mean 

 

Control 20 c  18 c 19 c 

WKPS 40 a 44 a   42 a 

MKPS 42 a 44 a 43 a 

WNPS 28 b 31 b 30 b 

MNPS 

 

29 b 33 b 32 b 

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 
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 Table 52 Streptomycin resistance test for PSB isolated from rhizospheric 

soil of wheat and maize   grown at Kahuta and Narh .5d old PSB culture 

was treated with streptomycin  

Concentration (mg/100mL) added 

 

 

 

 

 

 

 

 

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

 

PSB 

isolates 

1 2 3 4 5 

WKPS 2.8x107c 1.9x107d 1.7x107C 1.1x107b      Nil 

MKPS 2.2x107d 2.2x107c 1.9.1x107b 1.2x107a         Nil 

WNPS 

 3.4x107a 2.8x107a 2.1x107a 1.0x107c         Nil 

 

MNPS 

    3.2 x107 b 

 

2.7x107b 1.6x107d 1.1x107b          Nil 
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Table 53 Kanamycin resistance test for PSB isolated from rhizospheric soil 

of wheat and maize grown at Kahuta and Narh.  5d old PSB culture was 

treated with streptomycin  

Concentration (mg/100mL) added 

 

 

 

 

 

 

 

 

 

 

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

PSB 

isolates 

1 2 3 4 5 

WKPS 2.3x107c 1.8x107c 1.5x107b 1.0x107b       Nil 

 

MKPS 2.2x107d 1.5x107d 1.6x107a 0.9x107c         Nil 

WNPS 

3.6x107a 2.6x107a 1.3x107c 1.2x107a         Nil 

 

MNPS 

3.5- x107 b 

 

2.ox107b 1.6x107a 1.2x107a          Nil 
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 Table 54 Cadmium (Cd) tolerance test as measured by cfu/ml for PSB 

isolated from rhizospheric soil of wheat and maize grown at Khuta and 

Narh. 72 h old rhizobial culture was treated with Cd 

Concentration (mM) added 

 

 

 

 

 

 

 

 

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

 

PSB 

isolates 

1mM 2 mM 3 mM 4 mM 5 mM 

WKPS 2.7x107b 1.8x107c 1.5x107c 1.0x107d       Nil 

MKPS 2.4x107b 2.3x107b 1.7x107c 0.9x107e         Nil 

WNPS 3.6x107a 2.8x107b 2.0x107c 1.0x107d         Nil 

MNPS 

3.7- x107 a 

 

2.7x107b 1.5x107b 1.2x107d          Nil 
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Table 55 Zinc (Zn) tolerance test as measured by cfu/ml for PSB isolated 

from rhizospheric soil of wheat and maize grown at Khuta and Narh. 72 h 

old rhizobial culture was treated with Zn 

Concentration (mM) added 

 

 

 

 

 

 

 

 

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

 

 

 

 

 

 

PSB 

isolates 

1 mM 2 mM 3 mM 4 mM 5 mM 

WKPS 2.7x107b 1.8x107c 1.6x107c 1.0x107d       Nil 

MKPS 2.4x107b 2.5x107b 1.8x107c 0.9x107e         Nil 

WNPS 3.5x107a 2.7x107b 2.2x107c 1.0x107d         Nil 

MNPS 

3.6- x107 a 

 

2.8x107b 1.7x107d 1.2x107d          Nil 



106 
 

Table 56 Nickel (Ni) tolerance test as measured by cfu/ml for PSB isolated 

from rhizospheric soil of wheat and maize grown at Khuta and Narh. 72 h 

old rhizobial culture was treated with Ni 

Concentration (mM) added 

 

 

 

 

 

 

 

 

W KPS:  PSB isolated from rhizospheric soil of wheat grown at Kahuta (1666 m.a.s.l) 

M KPS:  PSB isolated from rhizospheric soil of maize grown at Kahuta (1666 m.a.s.l) 

W NPS:  PSB isolated from rhizospheric soil of wheat grown at Narh (2400 m.a.s.l) 

M NPS:  PSB isolated from rhizospheric soil of maize grown at Narh (2400 m.a.s.l) 

  

PSB 

isolates 

1 mM 2 mM 3 mM 4 mM 5 mM 

WKPS 2.7 x107b 1.8x107c 1.5x107c 1.0x107d       Nil 

MKPS 2.2x107b 2.2x107b 1.8x107c 0.9x107e         Nil 

WNPS 3.6x107a 2.7x107b 2.2x107b 1.2x107d         Nil 

MNPS 

3.5- x107 a 

 

2.6x107c 2.2x107b 1.0x107e          Nil 
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Table 57 Analysis of soil Nutrients (ppm) collected from rhizospheric of 

wheat and maize grown at Kahuta  

 

Mean   Mn Fe Mg Ca K Pb Zn pH Ec: mS/cm 

Wheat  4.4 4.8 230 222 201 0.50 4.95 7.7 1.11 

Maize  4.8 4.7 231 225 210 0.42 4.55 7.3 1.09 

 

 

Table 58 Analysis of soil Nutrients (ppm) collected from rhizospheric of 

wheat and maize grown at Narh  

 

Mean  Mn Fe Mg Ca K Pb Zn pH Ec: mS/cm 

Wheat  5.4 6.9 285 365 285 1.01 6.85 6.5 1.01 

Maize  6.7 7.8 348 377 333 0.89 6.75 6.3 1.00 
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DISCUSSION 

 

Results presented in Table 1, for the carbon/nitrogen source utilization pattern of the 

Rhizobium, isolated from wheat and maize revealed less utilization of carbon/ nitrogen source 

by the isolates of high altitude of Narh. While Rhizobium isolated from low altitude has 

showed better utilization of carbohydrates. This impact is reflected in their survival efficiency 

as measured by the colony count (Table 2). Similar to Rhizobium the Azospirillum and PSB 

isolates showed less C/N utilization pattern at high altitude of Narh. But it is obvious from 

the Tables 16 & 17  for Azospirillum and Table 43 for PSB that both these microbes are 

relatively more sensitive to low temperature prevalent at high altitude and have much less 

C/N source utilization at high altitude. This characteristic was evident in both the crops. The 

PSB from low altitude appeared to utilize more C/N sources than that of Rhizobium and 

Azospirillum  

The low utilization of carbohydrates might be due to low metabolic activity of the microbes 

at high altitude having extreme climatic conditions and also due to the difference in edaphic 

factor, as the rhizospheric soil of both wheat and maize of the high altitude of Narh was 

acidic in nature and showed higher concentration of Fe. Ca. K and Pb, in contrast to 

rhizospheric soil of low altitude of Kahuta which was comparatively basic in nature. At high 

altitude drought is an important environmental factor that affects rhizobial colonization and 

survival (Athar & Johnson, 1997; Serraj et al., 1999). Previous research demonstrates that 

with increase in the altitude, the carbon nitrogen utilization efficiency of microbes is 

decreased .Swaine (2006) demonstrated that the growth of rhizobia at high altitude needs the 

production of many polyols or amino compounds, for which considerable amount of energy 

is needed, which leads to increase in specific respiration rates and heat production. Both of 

these responses are linked with reduced growth efficiency of rhizobia at high altitude. PCR 

and 16S rRNA sequence analysis showed the presence of two more PGPR in the rhizospheric 

soil of wheat grown at low altitude of Kahuta which were identified as Oceanobacillus 

profundus and Bcillus cereus whereas those recovered from high altitude were identified as 

Bacillus spp. TSAWB and Alcaligenes spp. Diversity of microbes at deferent altitudes has 

been reported by many researchers however the linkage between the microbial diversity and 

ecosystem processes is not well understood (Stark, 2007). Whereas the dominance of the 
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species of the Bacillus megaterum, B. subtilis, Pseudomonas corrugate was indicated and the 

species were considered as suitable inoculants for widespread application in mountains (Joshi 

& Bhutt 2011). The results are in agreement with the findings of Kofidis et al., (2003) who 

described that microbial diversity or communities present in the soil depend upon chemical 

properties and composition of soil. The colony count of Rhizobium, Azospirillum and PSB 

isolated from rhizospheric soil and roots (Azospirillum) of wheat and maize grown at high 

altitude of Narh was significantly low. The difference in the survival efficiency (as measured 

by the colony count) of these microbes of the two different altitudes may be attributed to the 

difference in root exudates of wheat and maize grown at two different altitudes and their 

relevant tolerance to survive in different environmental conditions. The capability of 

Rhizobium sp. to survive at high altitude has been tested by many studies in which ability was 

tested by determining colony forming ability on agar plates (Matt et al., 1989) 

Critical difference in the value of colony count were recorded at vegetative  stage of 

Rhizobium and Azospirillum isolates obtained from roots and rhizospheric of plants growing 

at high altitude as compared to those of low altitude (irrigated conditions). There was little 

chance of recovery from low soil moisture at the reproductive stage (Franson et al., 

1991).The results are in conformity to the findings of Swedrzynska & Sawicka, (2001) who 

reported that the amount of root exudates produced by the plants affects the growth rate and 

metabolism of rhizobacteria.  

All the bacterial isolates (Rhizobium, Azospirillum & PSB) irrespective of the crops and 

altitude from where isolated produced GA, IAA & ABA in pure culture. Arshad & 

Frankenberger, (1998), Patten and  Glick, (1996)  reported that more than 80% of rhizobia 

isolated from rhizospheric can produce IAA by having tryptophan through root exudates or 

through proteins released by dead bacterial cells  

Afzal & Bano, (2008).reported that rhizobia can interact with non legumes as phosphate 

solubilizer, and hormone producer .The production of IAA & GA by the isolates of low 

altitude was significantly higher than that of the isolates of high altitude suggesting that 

growth promoting efficiency of the microbes is adversely affected at high altitude.  The 

significantly higher production of IAA& GA by the isolates of wheat and maize grown at low 

altitude of Kahuta as compared to the high altitude of Narh may be attributed to the decreased 

metabolic activity of the microbes under the harsh conditions of the climate prevalent at high 

altitude.  Noteworthy, the magnitude of IAA production was greater as compared to GA but 
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ABA content was significantly higher in the cell free culture of Rhizobium, Azospirillum and 

PSB of high altitude of Narh in both wheat and maize   

The Rhizobium, Azospirillum and PSB isolated from both crops grown at Kahuta and Narh 

have significantly increased the GA & IAA content of roots and leaves of inoculated plants of 

mungbean and maize respectively as compared to the un-inoculated (control) plants. 

Inoculation with Rhizobium, Azospirillum and PSB to the mungbean and maize respectively, 

significantly increased the GA & IAA content of the roots and leaves but the quantum of 

increase was higher in the leaves as compared to the roots of the inoculated plants which is 

possibly due the reason that leaves are the main sites where the phytohormones are 

synthesized. Both Azospirillum and PSB have higher GA content than that of Rhizobium 

while there was no significant difference in ABA production between the three microbes but 

IAA production was also higher than that of Rhizobium. Similarly the production of 

hormones by plants following inoculation with Azospirillum and PSB was significantly 

higher than that of plants inoculated with Rhizobium  

Positive correlation existed between the IAA produced in cell free culture of Rhizobium and 

the IAA produced by the leaves and roots of plants inoculated with the rhizobial isolates 

irrespective of the altitude. The magnitude of increase was low in the roots as compared to 

leaves (Tables 8 & 9). In case of Azospirillum, isolated from roots of wheat and maize grown 

at  Kahuta and Narh positive correlation existed between the production of IAA, GA & ABA 

in cell free culture and in leaves of inoculated plants. Similar positive correlation existed 

between IAA & GA produced in cell free culture and in roots of inoculated plants but in case 

of Azospirillum isolated from rhizospheric soil of wheat and maize grown at Kahuta and Narh 

significant positive correlation existed between the GA produced by the Azospirillum in cell 

free culture and the GA content of roots and leaves of plants inoculated with Azospirillum In 

case of PSB, (Tables 48 & 49) positive correlation existed between the GA production in cell 

free culture and in leaves of inoculated plants while the same positive correlation existed 

between the GA and ABA produced in cell free culture and in the roots of inoculated plants 

of maize.    

Above results are in accordance with the findings of Dakora and Phillips, (2002) who 

reported that Rhizobia produce phytohormones such as auxins, cytokinins, gibberellins and 

Abscisic Acid, it is likely that their release into cropping systems promotes plant growth and 

possibly increases yield. Lugtenberg and Dekkers, (1999) also reported that microbial activity 
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in the rhizospheric soil can affect the plant growth. The above results corroborate the findings 

of Sonia et al., (2002) who stated that naturally occurring, microorganisms provide range of 

minerals and other nutrients in useable forms. Rhizobia also produce various metabolites such 

as auxins, cytokinins, riboflavin and vitamins (Phillips and Torrey, 1970; Dakora, 2003) their 

inoculation to legume and non-legume plant roots promotes an increase in plant growth. Gray 

and Smith, (2005) concluded that plant growth promoting rhizobacteria directly or indirectly 

affect the plant growth and health. The examples of mechanisms which directly affect the 

plant growth are, P-solubilization, biological nitrogen fixation, improvement of other plant 

nutrients uptake and phytohormone production like indole-3-acetic acid. Yani et al., (2001) 

reported IAA & GA production by Rhizobium endophyte of rice and stimulation of IAA 

production by cultivation of the endophytic bacteria in culture containing rice root exudates.   

Significantly higher concentration of ABA was observed in plants inoculated with 

Rhizobium, Azospirillum and PSB isolated from wheat and maize grown at high altitude of 

Narh as compared to that of low altitude of Kahuta may be attributed to the natural adaptive 

mechanism to cope with the low temperature and other stresses prevalent at high altitude. 

Since ABA is a stress hormone synthesized de novo under stress environment and imparts 

tolerance to the plants and microbes. The results are in line with the findings of Cohen et al,. 

(2007) who reported that mechanism of action of PGPR from stressed environment involves 

greater production of stress hormone ABA. Egambardieva and Kucharora (2009) reported the 

positive role of Pseudomonas sp. which can survive and tolerate up to 5% NaCl have been 

demonstrated to produce more ABA and impart salt tolerance in wheat when used as 

inoculant. There are several PGPR inoculants currently commercialized that seem to promote 

growth through at least one mechanism; suppression of plant disease (termed Bioprotectants), 

improved nutrient acquisition (termed Biofertilizers), or phytohormone production (termed 

Biostimulants) (Tenuta 2004) 

Plant height and root length  of mungbean and maize plants inoculated with Rhizobium, 

Azospirillum  and PSB respectively  isolated from wheat and maize grown at low altitude of 

Kahuta (1666 m.a.s.l) and high altitude of Narh was significantly  higher as compared to the 

height of  the un-inoculated (control)  plants. It has been previously reported that  

Inoculated seedlings had shown greater plant height and stem width as compared to control 

(Muthukumar et al., 2001).The increase in plant height of inoculated plants is due to the 

stimulatory effects of microbe induced growth regulators i.e., IAA and GA (Rabie, 1996). 

Wall (2000) has concluded that plant hormones enhance root development and ultimately 
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accelerate absorption capacity of water and nutrients leading to plant growth (Camacho, 

2001). 

The height of plants inoculated with the microbial isolates of wheat and maize grown at low 

altitude of Kahuta was almost double to that of the height of the plants inoculated with the 

isolates of wheat and maize grown at high altitude of Narh. The difference in plant height 

following inoculation with two isolates of the microbe from two different altitudes may be 

due to the measured differences in IAA & GA production by these isolates in cell free 

culture, IAA and GA produced at low altitude were greater than that of high altitude, which is 

reflected from the greater plant height and root length exhibited by the inoculated plants. 

(Bianca, 2001) 

The positive effect on growth can be explained by an enhancement of root growth due to the 

production of growth promoting hormones resulting in improved efficiency of mineral uptake 

in inoculated treatments (Okon & Vanderleyden, 1997). 

The significantly higher increase in the plant height and root length  of mungbean plants 

inoculated with Rhizobium isolate of low altitude may be attributed to the increased 

concentration of phytohormones (GA & IAA)  in the isolates of low altitude in pure culture 

and their practical demonstration following inoculation to the mungbean and maize plants.  

The results are in line with the findings of Hoflich et al., (1995) Noel et al., (1996) Yanni et 

al.,(1997) who described that rhizobia can act as plant growth promoting rhizobacteria 

(PGPR). Inoculation of Azospirillum increased plant height of wheat by 1.9%-36.8% 

(Ramazan et al., 2007) The results corroborate the findings of Molla et al (2001) who 

reported that total root length, root number, root dry matter, were significantly increased by 

Azospirillum inoculation.  Phytohormones synthesized by Azospirillum influence the host 

root respiration rate, metabolism and root proliferation and hence increase the mineral and 

water uptake in inoculated plants to promote growth, (Okon ,Yaacov and Itzigsohn 1999) 

The plant inoculation with Azospirillum promoted greater uptake of NO-
3, K+, and H2PO4- in 

wheat  (Lin et al.,1983; Okon and Kapulnik, 1986; Murty and Ladha, 1988; Zavalin et al., 

1998; Saubidet et al., 2000), leading to higher crop yields. Application of phosphate 

solubilizing bacteria (PSB) improved Phosphorus uptake by plants and yields indicating that 

the PSB are able to solubilize phosphates and to mobilize Phosphorus in crop plants and 

hence promote plant growth (Rogers et al,. 1993).  A Phosphorus Solubilizing Rhizobium 

leguminosarum has been shown to increase the growth of maize and lettuce (Chabot et al., 
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1996). The microorganisms involved in Phosphorus solubilization can enhance plant growth 

by production of plant growth promoting phytohormones (Gyaneshwar et al., 2002) 

Significantly higher number of nodules per plant of mungbean inoculated with rhizobial 

isolate of low altitude also suggests the high metabolic efficiency of isolate of low altitude as 

compared to that of high altitude. The results are in line with the findings of  Davey et al., 

(1993) who concluded that effective nodulation has also been observed in Parasponia 

andersonii, following Bradyrhizobium inoculation of plants.   Yani et al,. (1991) reported that 

inoculation of Rhizobium greatly enhanced nodule number and weight. The isolates of 

Rhizobium, Azospirillum and PSB of high altitude of Narh proved to be more tolerant against 

the antibiotics (Streptomycin & Kanamycin) as compared to that of the isolate of low 

altitude. The microbes surviving at high altitude experience many stressful conditions like 

frost, drought, radiation intensity, heavy metals, etc. and develop an effective defensive 

system to cope with the stresses and hence subsequently become more tolerant to antibiotics. 

Ryu et al,. (2004) reported that Plant growth promoting rhizobacteria (PGPR) play a vital role 

in crop protection, growth promotion and in the improvement of soil health. some well 

known PGPR strains like Pseudomonas, Azospirillum and Rhizobium produce bioactive 

metabolites The primary mechanism of bio-control by PGPR involves the production of 

antibiotics As shown in Table 57 and Table 58 the rhizospheric soil of high altitude of Narh 

is comparatively acidic in nature and the concentration of heavy metals in the rhizospheric 

soil of wheat and maize grown at high altitude of Narh is also comparatively higher therefore 

the microbes survived in the stressful conditions at high altitude of Narh became tolerant  and 

adaptive.  

Likewise the Rhizobium, Azospirillum and PSB isolated from the rhizospheric soil of wheat 

and maize gown at high altitude of Narh have demonstrated higher tolerance towards the 

heavy metals as shown in  tables 13, 14 ,15 , 37,38,39,40,41,42, 54,55,56 .The microbes of 

high altitude of Narh have to counteract many stresses for their survival hence they develop 

resistance to adapt themselves in stressful  environment so as to  cope with heavy metals as 

reported by Ahmed et al., (2008) that the enhanced concentration of metals in soil and its 

translocation to plant organs can have undesirable effects on growth of plants. Generally, 

heavy metals are not degraded biologically and persist in the environment indefinitely (Khan 

et al., 2009) The results are in line with the findings of many researchers who reported that  at 

higher concentrations, metal ions can completely inhibit the microbial populations by 

stunting their metabolic activities or microbes can develop resistance or tolerance to the 
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higher metal levels. The ability to function at high metal concentration has been shown in 

many rhizospheric microorganisms (Lakzian       et al., 2002) which can be attributed to the 

intrinsic or induced mechanisms (Giller et al., 1998)  Many defense mechanisms allow the 

microorganisms to function metabolically in metal polluted environments. The proper 

utilization of these microbial abilities for the remediation of heavy metal-contaminated soils 

can be a wonderful bioremediation alternative (Lovley and Coates, 1997; Lloyd and Lovley, 

2001). Thus proper management of the microbial populations in the rhizospheric, by using 

microbial inocula, consisting of a cover of plant growth promoting rhizobacteria, can exert 

fruitful impact on plants and ultimately can play a vital role in the restoration of ecosystem 

(Khan, 2004). These microorganisms can be indigenous to a polluted area (intrinsic 

bioremediation) or can be isolated from elsewhere and subsequently introduced into the 

contaminated sites (Whiting et al., 2001; Abou-Shanab et al., 2003).  
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CONCLUSION 

Keeping in view the present findings it can be inferred that the Rhizobium, Azospirillum and 

Phosphorus Solubilizing Bacteria from the low altitude of Kahuta have shown higher survival 

efficiency, produced plant growth promoting hormones in greater concentration, have more 

stimulating effect on plant height and root length of inoculated crops. Hence the inocula of 

these microbes can be implicated as bio-fertilizers to enhance growth and yield of the crops. 

The microbes of high altitude of Narh can be used as an inocula in stressful conditions 

because of their resistance to antibiotics and heavy metals which is comparatively higher than 

that of the microbes of low altitude of Kahuta. Also they produce stress hormone Abscisic 

Acid (ABA) at higher concentration.  Azospirillum inoculation to the crops can exert more 

beneficial effects on plant growth because of higher level of phytohormone production. There 

is need of further research to explore these microbes and to unveil their capabilities in the 

field in future.  
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Yeast extract Manitol Agar (YMA), medium, (Vincent, 1970) 

K2HPO4      0.5g 

MgSO4.7H2O      10.0g 

NaCl       0.2g 

Yeast extract      1.0g 

Agar       20.0g 

Distilled water      1000mL 

LB (Lubria-Bertani) Medium, (Miller 1972)  

Trypton                10g 

Yeast extract      5g 

NaCl       10g 

Agar       18g 

H2O       1000ml 

pH (final)      7.0 

Soil Analysis reagents 

The soil nitrogen content and total extractable P was determined by the method described by 

Soltanpour and Schwab (1977). 

NO3-N determination  

NO3-N was determined according to the method of Soltanpour and Schwab (1977) 

Extraction procedure  

Oven dried soil (10.0g) was taken in 50ml conical flask. Extracting solution (AB-DTPA; 20 ml) was 

added. Samples were shaken on a shaker for 15 minutes and filtered through Whatman No.40 filter 

paper; the extracting aliquots were dept in storing bottles for analyses. 

Reagents required for the NO3-N 

1. Hydrazine sulphate stock solution  
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Hydrazine (NH2NH2H2SO4; 27.00g) was dissolved in IL warm distilled water to prepare 

stock solution. For preparation of working solution, 22.5 ml hydrazine sulphate solution from 

the stock solution was taken and diluted to IL with distilled water. 

2. CuSO4 STOCK SOLUTION 

Stock solution was prepared by dissolving CuSO43.9g .5H2O in IL distilled water. From 

stock solution, 6.25 solutions was taken and diluted up to IL for the preparation of working 

solution. 

3. NaOH stock (1.5 N) working solution 

To prepare 1.5 N NaOH stock solution 60.00 g NaOH was dissolved in IL distilled water. For 

the preparation of working solution 200 ml of the stock solution were diluted to IL. 

4. Stock NO3-N solution for the standard  

For the standard preparation 3, 6090 g KNO3 was dissolved in IL distilled water. Form this 

stock solution working solution was prepared buy mixing 25 ml stock solution in IL distilled 

H2O. 

Standard for NO3-N 

By using working NO3-N, standards containing 0, 0.5, 1, 11.5, 2, 2.5, and 3 mg NO3-N per 

liter prepared. 

Preparation of sample for analyses 

Samples along with standards were processed as follow: 1 ml of sample (of standard 

solutions), 2 ml of working CuSO4 solution and 1 ml of hydrazine sulphate solution were 

mixed and placed in a water bath for 20 minutes at 38 c. after adding 3ml pf color reagent , 

samples were analyzed on Spectrinic 21 at 540 nm. 

 

Preparation of color reagent   

Sulfanilamide (95.0 g) AND Naphthyl-ethylendiamine dihydrochloride (0.25 g) were 

dissolved in 300 ml distilled water. After the addition of 50 ml H3PO4 the volume was made 

up to 500 ml with distilled water. 
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Determination of P contents  

Preparation of mixed reagent  

Mixed reagent was prepared by mixing IL of 5 NH2SO4 with IL distilled water containing 

potassium tartarate (0.2908). 

Working color reagent  

For the preparation of working color reagent, 0.74 of ascorbic acid were dissolved in 140 ml of mixed 

reagent. 

Preparation of standard solutions  

KH2PO4 solution (100 ppm) was prepared by dilution stock (100 ppm) solution. From this 

(100 ppm) solution, 0, 0.5, 1, 1.5, 2, 2.5, and 3.0 ppm solution were prepared. 

Samples preparation  

Samples along with standard were prepared as follows: one ml of sample ( or standards 

solution ), 9.0 ml of distilled water and 2.5 ml of working color reagent ( color  reagent + 

ascorbic acid ) were mixed and analyzed after 15 to 20 minutes on Spectronic 21 at 880 nm. 

1. Determination of K+, Ca++, Mg++ ions 

2. REAGENTS  

Lanthanum diluting solution  

Lanthanum oxide (La2O3; 5, 9 g) was dissolved in 20 ml distilled H2O in a 500 ml flash and 

placed in a cold water bath. Concentrated HCL (10.5 ml) and HNO3, (14 ml) were added to 

100 ml flask containing lanthanum oxide. The final volume was diluted with 200ml-distilled 

H2O. 

 

II. High stock solutions  

 

i. K+ = (2000pmm):3.815g KCL diluted to volume (lL) with distilled water. 

 

ii.    Ca++= (10.000pmm) 24.97 g CaCO3 dissolved in IL- distilled water. 
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iii .    Mg++= (1000PMM):1.0 G MG ribbon dissolved In IL distilled water. 

III. Low stock solutions  

Employing following alts low stock solutions were made; 

i K+=(1000ppm):0.1907 g of KCI dissolved in IL distilled water 

ii Ca++=(500ppm):1.25G CaCO3 dissolved in IL distilled water 

iii MG++(500ppm):0.829 G MgO in 10 ml of HNO3 and final volume was made 

in L 

 

Low stock solutions were added in 100 ml flask and final volume was made with appropriate 

extracting solutions extracting solutions 

Extraction of K+, Mg ++, Mn++, Ca++, from the soil samples were dome according to Mehlich 

1953 and 1984. 

Procedure 

Aliquot (1.5ml) of each working standard and all soil extracts were diluted with CaCO3 

working solution to final volume of 1.5 ml. K+,Ca++ and Mg++ were measured buy atomic 

Absorption Spectrophotometer (Shimazu, AA-670) at the wavelength of 766.5,422.7 and 

285.2nm respectively. 

3. Analysis of Fe++, Mn++ and Zn++ 

Reagents 

Redistilled 6 M HCl 

Stock standard solution  

HCI extracting solution  

working standard 

Procedure 

 Sieved 5.0g dried soil was taken in 50ml flask  
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 20ml of extracting solution was added to each flask and shaken for 30 minutes at 180rpm. 

The suspension was filtered through a medium pore size filter inn30ml breaker. 

Concentrations of Fe++, Mn and Zn++ were determined with Atomic Absorption 

Spectrophotometer (Shimadzu, AA 670). 

Gram Staining 

Preparation of solutions 

Crystal Violet (Hucker, s) 

Solution A 

Crystal violet (90% dye content)                                                                       2g 

Ethyl alcohol                                                                                                    20ml 

Solution B 

Ammonium oxalate                                                                                          0.8g 

Distilled water                                                                                                 80ml 

 

Mix solution A and B 

a) Gram, s Iodine 

      Iodine                                                                                                                 1g 

      Potassium Iodide                                                                                                 2g 

     Distilled water                                                                                                      300ml 

      b)   Ethyl alcohol (95%) 

      Ethyl alcohol (100%)                                                                                          95ml 

      Distilled water                                                                                                      5ml 

      c)   Safranin 

        Safranin O (2.5% solution in 95% ethyl alcohol)                                             10ml 

         Distilled water                                                                                                  
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Appendix 1 Annova of Colony count (cfu/ml) of Rhizobium isolated from rhizospheric soil of 
wheat  and maize grown at Kahuta and Narh  

 
 
 
       
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3         12.350           4.117        1266.669    0.0002 
Within        8          0.026           0.003 
--------------------------------------------------------------------------- 
Total        11         12.376 
 
          Coefficient of Variation = 2.16% 
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Appendix 2 Annova of Production of phytohormones (IAA, GA and ABA) (µg/ml) by 
rhizobial isolate in cell free culture. 5d old rhizobial culture was used in broth to determine 
the ability of phytohormones production.  

 
Degrees of    Sum of           Mean 
              Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3       2697.000         899.000         116.000    0.0001 
Within        8         62.000           7.750 
--------------------------------------------------------------------------- 
Total        11       2759.000 
 
          Coefficient of Variation = 6.12% 
 
 
      
L E 
 
--------------------------------------------------------------------------- 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3      16793.000        5597.667         107.475    0.0002 
Within        8        416.667          52.083 
--------------------------------------------------------------------------- 
Total        11      17209.667 
--------------------------------------------------------------------------- 
 
Coefficient of Variation = 2.23% 
 
Degrees of    Sum of           Mean 
Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3       1358.250         452.750          48.946    0.0003 
Within        8         74.000           9.250 
--------------------------------------------------------------------------- 
Total        11       1432.250 
--------------------------------------------------------------------------- 
 
          Coefficient of Variation = 5.82% 
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Appendix 3 Annova of phytohormone production in leaves of mungbean (µg/ml) inoculated 
with Rhizobium isolated from rhizospheric soil of wheat and maize grown at Kahuta (1666 
m.a.s.l) and Narh (2400 m.a.s.l)  

          
          Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       5742.000        1435.500         326.250    0.0002 
Within       10         44.000           4.400 
--------------------------------------------------------------------------- 
Total        14       5786.000 
--------------------------------------------------------------------------- 
 
          Coefficient of Variation = 3.56% 
 
 
      
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4     653635.067      163408.767        2574.718    0.0003 
Within       10        634.667          63.467 
--------------------------------------------------------------------------- 
Total        14     654269.733 
--------------------------------------------------------------------------- 
 
          Coefficient of Variation = 1.10% 
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Appendix 4 Annova of phytohormone production in roots of mungbean (µg/ml)  inoculated 
with Rhizobium isolated from rhizospheric soil of wheat and maize grown at Kahuta (1666 
m.a.s.l) and Narh (2400 m.a.s.l)  

         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       2334.000         583.500          63.424    0.0003 
Within       10         92.000           9.200 
--------------------------------------------------------------------------- 
Total        14       2426.000 
--------------------------------------------------------------------------- 
          Coefficient of Variation = 7.22% 
 
     Variable 6 (Tab-5 IAA (mean)) 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       3434.667         858.667          96.842    0.0002 
Within       10         88.667           8.867 
--------------------------------------------------------------------------- 
Total        14       3523.333 
--------------------------------------------------------------------------- 
Coefficient of Variation = 6.04% 
 
 
--------------------------------------------------------------------------- 
Between       4     219909.600       54977.400        4659.102    0.0003 
Within       10        118.000          11.800 
--------------------------------------------------------------------------- 
Total        14     220027.600 
--------------------------------------------------------------------------- 
 
          Coefficient of Variation = 0.75% 
 
          Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       3188.667         797.167         119.575    0.0002 
Within       10         66.667           6.667 
--------------------------------------------------------------------------- 
Total        14       3255.333 
Coefficient of Variation = 6.74% 
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Appendix 5 Annova Effect of Rhizobium inoculation on root length (cm) of mungbean plants.        
 
  K        Degrees of   Sum of         Mean          F 
Value    Source       Freedom    Squares       Square       Value     Prob 
----------------------------------------------------------------------------- 
  1     Replication      2        96.800        48.400     57.3158   0.0001 
  2     Factor A         4      2901.000       725.250    858.8487   0.0001 
  4     Factor B         1        14.700        14.700     17.4079   0.0006 
  6     AB               4       169.800        42.450     50.2697   0.0001 
 -7     Error           18        15.200         0.844 
----------------------------------------------------------------------------- 
        Total           29      3197.500 
----------------------------------------------------------------------------- 
 
 
     Coefficient of Variation: 2.83% 
 
 
      
K            Degrees of Sum of        Mean           F 
Value      Source       Freedom    Squares       Square       Value     Prob 
----------------------------------------------------------------------------- 
  1     Replication      2        80.000        40.000     25.7143   0.0001 
  2     Factor A         4       976.800       244.200    156.9857   0.0002 
  4     Factor B         1         7.500         7.500      4.8214   0.0415 
  6     AB               4       114.000        28.500     18.3214   0.0001 
 -7     Error           18        28.000         1.556 
----------------------------------------------------------------------------- 
        Total           29      1206.300 
----------------------------------------------------------------------------- 
 
 
     Coefficient of Variation: 4.93% 
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Appendix 6 Annova of Effect of inoculation of Rhizobium on number of nodules per plant of 
mungbean  
 
K         Degrees of   Sum of         Mean          F 
Value    Source       Freedom    Squares       Square       Value     Prob 
----------------------------------------------------------------------------- 
  1     Replication      2        30.250        15.125     56.4667   0.0003 
  2     Factor A         3       751.500       250.500    935.2000   0.0003 
  4     Factor B         1         0.000         0.000      0.0000 
  6     AB               3        51.000        17.000     63.4667   0.0003 
 -7     Error           14         3.750         0.268 
----------------------------------------------------------------------------- 
        Total           23       836.500 
----------------------------------------------------------------------------- 
 
 
     Coefficient of Variation: 3.63% 
 
Degrees of    Sum of           Mean 
 Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.620           0.540          86.400    0.0003 
Within        8          0.050           0.006 
--------------------------------------------------------------------------- 
Total        11          1.670 
 
          Coefficient of Variation = 2.64% 
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Appendix 7 Annova of Streptomycin resistance test as measured by cfu/ml for Rhizobium 
      
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          0.803           0.268         274.358    0.0002 
Within        8          0.008           0.001 
--------------------------------------------------------------------------- 
Total        11          0.810 
 
          Coefficient of Variation = 1.24% 
 
 
 
      
 
       
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          0.083           0.028          84.616    0.0002 
Within        8          0.003           0.000 
--------------------------------------------------------------------------- 
Total        11          0.085 
 
          Coefficient of Variation = 0.83% 
 
 
     Variable 6 (Tab-11 Conc-4) 
 
 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.860           0.620         670.270    0.0001 
Within        8          0.007           0.001 
--------------------------------------------------------------------------- 
Total        11          1.867 
 
          Coefficient of Variation = 3.04% 
 
 
     Variable 7 (Tab-12 Conc-1) 
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Appendix 8 Annova of Kanamycin resistance test as measured by cfu/ml for Rhizobium 
        
  Degrees of    Sum of           Mean 
  Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          3.300           1.100         330.827    0.0002 
Within        8          0.027           0.003 
--------------------------------------------------------------------------- 
Total        11          3.327 
 
        Coefficient of Variation = 1.86% 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          3.142           1.047        2327.779    0.0003 
Within        8          0.004           0.000 
--------------------------------------------------------------------------- 
Total        11          3.146 
 
          Coefficient of Variation = 0.93% 
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Appendix 9 Annova of Kanamycin resistance test as measured by cfu/ml for Rhizobium 
isolated from rhizospheric soil of wheat and maize grown at Kahuta and Narh 24 hours old 
Rhizobial culture was treated with streptomycin  

 
Degrees of    Sum of           Mean 
Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          2.242           0.747        1993.332    0.0003 
Within        8          0.003           0.000 
--------------------------------------------------------------------------- 
Total        11          2.245 
 
          Coefficient of Variation = 1.09% 
 
 
 
  
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          2.049           0.683         803.618    0.0002 
Within        8          0.007           0.001 
--------------------------------------------------------------------------- 
Total        11          2.056 
 
          Coefficient of Variation = 2.33% 
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Appendix 10 Annova of Colony count (cfu/ml) of Azospirillum isolated from rhizospheric 
soil and roots of wheat and maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) 

 
       
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       7         16.081           2.297        3115.008    0.0003 
Within       16          0.012           0.001 
--------------------------------------------------------------------------- 
Total        23         16.093 
 
          Coefficient of Variation = 1.01% 
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Appendix 11 Annova of phytohormones (IAA, GA and ABA µg/ml) produced by 
Azospirillum isolated from rhizospheric soil in cell free culture. 
       
Degrees of    Sum of           Mean 
 Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3        798.000         266.000          70.933    0.0002 
Within        8         30.000           3.750 
--------------------------------------------------------------------------- 
Total        11        828.000 
 
          Coefficient of Variation = 5.53% 
 
 
 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3     104577.000       34859.000        1244.964    0.0001 
Within        8        224.000          28.000 
--------------------------------------------------------------------------- 
Total        11     104801.000 
 
          Coefficient of Variation = 0.82% 
 
 
 
 
      
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3       1505.000         501.667          47.402    0.0002 
Within        8         84.667          10.583 
--------------------------------------------------------------------------- 
Total        11       1589.667 
 
          Coefficient of Variation = 7.60% 
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Appendix 12 Annova of phytohormones (IAA, GA and ABA µg/ml) produced by 
Azospirillum in cell free culture. 
          
 
Degrees of    Sum of           Mean 
Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3       2970.000         990.000         132.000    0.0001 
Within        8         60.000           7.500 
--------------------------------------------------------------------------- 
Total        11       3030.000 
 
          Coefficient of Variation = 6.09% 
 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3     124364.250       41454.750       11054.600    0.0003 
Within        8         30.000           3.750 
--------------------------------------------------------------------------- 
Total        11     124394.250 
 
          Coefficient of Variation = 0.36% 
 
 
 
 
       
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3        807.000         269.000          31.647    0.0001 
Within        8         68.000           8.500 
--------------------------------------------------------------------------- 
Total        11        875.000 
 
          Coefficient of Variation = 6.41% 
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Appendix 13 Annova of phytohormone production in roots of maize inoculated with 
Azospirillum isolated from rhizospheric soil of wheat and maize grown at Kahuta 
          
 
Degrees of    Sum of           Mean 
 Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       1736.400         434.100          67.828    0.0004 
Within       10         64.000           6.400 
--------------------------------------------------------------------------- 
Total        14       1800.400 
 
          Coefficient of Variation = 7.40% 
 
 
      
       
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4     310774.667       77693.667        2349.607    0.0002 
Within       10        330.667          33.067 
--------------------------------------------------------------------------- 
Total        14     311105.333 
 
          Coefficient of Variation = 1.18% 
 
 
 
      
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       3740.400         935.100         137.515    0.0003 
Within       10         68.000           6.800 
--------------------------------------------------------------------------- 
Total        14       3808.400 
 
          Coefficient of Variation = 6.09% 
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Appendix 14 Annova of phytohormone production (µg/ml) in leaves of maize inoculated 
with Azospirillum isolated from root of wheat and maize grown at Kahuta and Narh  
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       5222.400        1305.600         192.000    0.0003 
Within       10         68.000           6.800 
--------------------------------------------------------------------------- 
Total        14       5290.400 
 
          Coefficient of Variation = 5.95% 
 
 
      
 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4     811604.400      202901.100       18116.170    0.0004 
Within       10        112.000          11.200 
--------------------------------------------------------------------------- 
Total        14     811716.400 
 
          Coefficient of Variation = 0.52% 
 
 
     Variable 5 (ABA mean (Tab-18)) 
 
 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       2781.600         695.400          86.925    0.0003 
Within       10         80.000           8.000 
--------------------------------------------------------------------------- 
Total        14       2861.600 
 
          Coefficient of Variation = 6.23% 
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Appendix 15 Table 19 phytohormone production (µg/ml) in roots of maize by Azospirillum 
isolated from root of wheat and        maize grown at Kahuta 
       
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       3872.400         968.100         302.531    0.0003 
Within       10         32.000           3.200 
--------------------------------------------------------------------------- 
Total        14       3904.400 
 
          Coefficient of Variation = 4.14% 
 
 
 
 
 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4     375716.400       93929.100       10209.685    0.0003 
Within       10         92.000           9.200 
--------------------------------------------------------------------------- 
Total        14     375808.400 
 
          Coefficient of Variation = 0.50% 
 
 
 
 
      
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       4623.600        1155.900         120.406    0.0002 
Within       10         96.000           9.600 
--------------------------------------------------------------------------- 
Total        14       4719.600 
 
          Coefficient of Variation = 7.48% 
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Appendix 16 Annova of phytohormone production in leaves of maize inoculated with 
Azospirillum isolated from rhizospheric soil of wheat and maize grown at Kahuta and Narh  

 

 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       1785.600         446.400          85.846    0.0001 
Within       10         52.000           5.200 
--------------------------------------------------------------------------- 
Total        14       1837.600 
 
          Coefficient of Variation = 7.45% 
 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4     288858.000       72214.500        6447.723    0.0002 
Within       10        112.000          11.200 
--------------------------------------------------------------------------- 
Total        14     288970.000 
 
          Coefficient of Variation = 0.69% 
 
 
      
       
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       3095.067         773.767          55.800    0.0002 
Within       10        138.667          13.867 
--------------------------------------------------------------------------- 
Total        14       3233.733 
 
          Coefficient of Variation = 9.19% 
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Appendix 17Annova of effect of inoculation with Azospirillum strains on plant height (cm) of 
maize isolated from root of wheat and maize grown at Kahuta and Narh 
 
 
 
  K                 Degrees of   Sum of         Mean          F 
Value    Source       Freedom    Squares       Square       Value     Prob 
----------------------------------------------------------------------------- 
  1     Replication      2        39.200        19.600     21.0000   0.0001 
  2     Factor A         4      1827.000       456.750    489.3750   0.0001 
  4     Factor B         1        19.200        19.200     20.5714   0.0003 
  6     AB               4        79.800        19.950     21.3750   0.0002 
 -7     Error           18        16.800         0.933 
----------------------------------------------------------------------------- 
        Total           29      1982.000 
----------------------------------------------------------------------------- 
 
 
     Coefficient of Variation: 2.76% 
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Appendix 18 Annova of Effect of inoculation of Azospirillum strains on plant height (cm) of 

maize isolated from rhizospheric soil of wheat and maize grown at Kahuta and Narh  

 

 
 
  K                 Degrees of   Sum of         Mean          F 
Value    Source       Freedom    Squares       Square       Value     Prob 
----------------------------------------------------------------------------- 
  1     Replication      2        57.800        28.900     18.4468   0.0001 
  2     Factor A         4      1516.800       379.200    242.0426   0.0003 
  4     Factor B         1       132.300       132.300     84.4468   0.0002 
  6     AB               4       199.200        49.800     31.7872   0.00001 
 -7     Error           18        28.200         1.567 
----------------------------------------------------------------------------- 
        Total           29      1934.300 
----------------------------------------------------------------------------- 
 
 
     Coefficient of Variation: 3.41% 
 
 
     Variable 6: Root length (Tab-24) 
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Appendix 19 Annova of Effect of Azospirillum inoculation on root length (cm) of mungbean 
plants. Azospirillum was isolated from rhizospheric soil of wheat and maize grown at Kahuta 
and Narh 
 
 
  K                 Degrees of   Sum of         Mean          F 
Value    Source       Freedom    Squares       Square       Value     Prob 
----------------------------------------------------------------------------- 
  1     Replication      2        80.000        40.000     30.0000   0.0002 
  2     Factor A         4      1881.000       470.250    352.6875   0.0001 
  4     Factor B         1        19.200        19.200     14.4000   0.0013 
  6     AB               4        37.800         9.450      7.0875   0.0013 
 -7     Error           18        24.000         1.333 
----------------------------------------------------------------------------- 
        Total           29      2042.000 
----------------------------------------------------------------------------- 
 
 
     Coefficient of Variation: 3.85% 
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Appendix 20 Annova of Effect of Azospirillum inoculation on root length (cm) of maize 
plants. Azospirillum was isolated from roots of wheat and maize grown at Kahuta and Narh 
and was inoculated on maize plants  

 
  K    Degrees of   Sum of         Mean          F 
Value    Source       Freedom    Squares       Square       Value     Prob 
----------------------------------------------------------------------------- 
  1     Replication      2        96.800        48.400     37.5517   0.0001 
  2     Factor A         4      2239.800       559.950    434.4440   0.0001 
  4     Factor B         1        58.800        58.800     45.6207   0.0003 
  6     AB               4        10.200         2.550      1.9784   0.1411 
 -7     Error           18        23.200         1.289 
----------------------------------------------------------------------------- 
        Total           29      2428.800 
----------------------------------------------------------------------------- 
 
 
     Coefficient of Variation: 3.81% 
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Appendix 21 Annova of Effect of Azospirillum inoculation on root length (cm) of maize 
plants. Azospirillum was isolated from roots of wheat and maize grown at Kahuta (1666 
m.a.s.l) and Narh (2400 m.a.s.l) and was inoculated on maize plants  

 
  Degrees of    Sum of           Mea 
  Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          2.962           0.987        1012.821    0.0002 
Within        8          0.008           0.001 
--------------------------------------------------------------------------- 
Total        11          2.970 
 
          Coefficient of Variation = 0.98% 
 
 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          0.630           0.210         200.000    0.0003 
Within        8          0.008           0.001 
--------------------------------------------------------------------------- 
Total        11          0.638 
 
          Coefficient of Variation = 1.38% 
      
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.080           0.360         313.043    0.0002 
Within        8          0.009           0.001 
--------------------------------------------------------------------------- 
Total        11          1.089 
 
          Coefficient of Variation = 2.12% 
Degrees of    Sum of           Mean 
Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          0.983           0.328         385.294    0.0001 
Within        8          0.007           0.001 
--------------------------------------------------------------------------- 
Total        11          0.989 
 
 Coefficient of Variation = 2.48% 
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Appendix 22 Annova of Streptomycin resistance test for Azospirillum as measured by cfu/ml 
for Azospirillum isolated from rhizospheric soil of wheat and maize grown at Kahuta and 
Narh.5d old Azospirillum culture was treated with streptomycin 

       
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          3.120           1.040        1066.669    0.0002 
Within        8          0.008           0.001 
--------------------------------------------------------------------------- 
Total        11          3.128 
 
          Coefficient of Variation = 0.98% 
 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          3.322           1.107         703.175    0.0003 
Within        8          0.013           0.002 
--------------------------------------------------------------------------- 
Total        11          3.335 
 
          Coefficient of Variation = 1.67% 
 
 
      
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          0.990           0.330          95.652    0.0002 
Within        8          0.028           0.003 
--------------------------------------------------------------------------- 
Total        11          1.018 
 
          Coefficient of Variation = 3.36% 
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Appendix 23 annova of Kanamycin resistance test for Azospirillum as measured by cfu/ml for 
Azospirillum isolated from roots of wheat and maize grown at Kahuta and Narh .5d old 
Azospirillum culture was treated with streptomycin 
 
      
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.343           0.448         226.582    0.0002 
Within        8          0.016           0.002 
--------------------------------------------------------------------------- 
Total        11          1.358 
 
          Coefficient of Variation = 3.49% 
 
 
      
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.110           0.370         274.074    0.0003 
Within        8          0.011           0.001 
--------------------------------------------------------------------------- 
      Total        11          1.121 
 
          Coefficient of Variation = 2.94% 
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Appendix 24 Annova of Kanamycin resistance test for Azospirillum as measured by cfu/ml for 
Azospirillum isolated from rhizospheric soil of wheat and maize grown at Kahuta and Narh. 
5d old Azospirillum culture was treated with streptomycin 
       
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.980           0.660         676.921    0.0002 
Within        8          0.008           0.001 
--------------------------------------------------------------------------- 
Total        11          1.988 
 
          Coefficient of Variation = 0.95% 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.830           0.610         387.301    0.0002 
Within        8          0.013           0.002 
--------------------------------------------------------------------------- 
Total        11          1.843 
 
          Coefficient of Variation = 1.69% 
 
 
 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          2.580           0.860        2293.338    0.0001 
Within        8          0.003           0.000 
--------------------------------------------------------------------------- 
Total        11          2.583 
 
          Coefficient of Variation = 1.02% 
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Appendix 25 Kanamycin resistance test for Azospirillum as measured by cfu/ml for 
Azospirillum isolated from roots of wheat and maize grown at Kahuta and Narh. 5d old 
Azospirillum culture was treated with 

          Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.102           0.367         272.222    0.0003 
Within        8          0.011           0.001 
--------------------------------------------------------------------------- 
Total        11          1.113 
 
          Coefficient of Variation = 1.19% 
 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          4.110           1.370        1405.131    0.0002 
Within        8          0.008           0.001 
--------------------------------------------------------------------------- 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          2.700           0.900         455.697    0.0003 
Within        8          0.016           0.002 
--------------------------------------------------------------------------- 
Total        11          2.716 
 
          Coefficient of Variation = 2.61% 
Degrees of    Sum of           Mean 
Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.763           0.588         460.784    0.0003 
Within        8          0.010           0.001 
--------------------------------------------------------------------------- 
Total        11          1.773 
 Coefficient of Variation = 2.80% 
Degrees of    Sum of           Mean 
Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          7.702           2.567        6846.146    0.0001 
Within        8          0.003           0.000 
--------------------------------------------------------------------------- 
Total        11          7.705 
Coefficient of Variation = 0.72% 
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 Appendix 26 Annova of phytohormones (IAA, GA and ABA) (µg/ml) produced by PSB 
isolates in cell free culture. PSB isolated from root of wheat and maize grown at Kahuta 
(1666 m.a.s.l) and Narh (2400 m.a.s.l) were inoculated in broth culture and their ability to 
produce phytohormone was determined in 5 d old broth culture 
 
      
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3        884.250         294.750          65.500    0.0001 
Within        8         36.000           4.500 
--------------------------------------------------------------------------- 
Total        11        920.250 
 
          Coefficient of Variation = 2.58% 
 
 
 
      
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3     135744.250       45248.083        2728.528    0.0002 
Within        8        132.667          16.583 
--------------------------------------------------------------------------- 
Total        11     135876.917 
 
          Coefficient of Variation = 0.64% 
 
 
 
      
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3       2808.000         936.000          83.200    0.0001 
Within        8         90.000          11.250 
--------------------------------------------------------------------------- 
Total        11       2898.000 
 
          Coefficient of Variation = 5.99% 
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Appendix 27 Annova of phytohormone production in leaves (µg/ml) of maize inoculated 
with PSB isolated from rhizospheric soil of wheat and maize grown at Kahuta (1666 m.a.s.l) 
and Narh (2400 m.a.s.l)  
 

  Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       4389.600        1097.400         156.771    0.0003 
Within       10         70.000           7.000 
--------------------------------------------------------------------------- 
Total        14       4459.600 
 
          Coefficient of Variation = 4.76% 
 
            
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4     306488.400       76622.100        2993.051    0.0004 
Within       10        256.000          25.600 
--------------------------------------------------------------------------- 
Total        14     306744.400 
 
          Coefficient of Variation = 1.04% 
 
      
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       5841.600        1460.400         235.548    0.0003 
Within       10         62.000           6.200 
--------------------------------------------------------------------------- 
Total        14       5903.600 
 
          Coefficient of Variation = 6.62% 
 
 
     Variable 10 (IAA mean (Tab-38)) 
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Appendix 28 Annova of phytohormone production in roots (µg/ml) of maize inoculated with 
PSB isolated from rhizospheric soil of wheat and maize grown at Kahuta (1666 m.a.s.l) and 
Narh (2400 m.a.s.l)  

 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       8054.400        2013.600         251.700    0.0002 
Within       10         80.000           8.000 
--------------------------------------------------------------------------- 
Total        14       8134.400 
 
          Coefficient of Variation = 5.46% 
      
      
          Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4     277905.600       69476.400        6316.036    0.0001 
Within       10        110.000          11.000 
--------------------------------------------------------------------------- 
Total        14     278015.600 
 
          Coefficient of Variation = 0.79% 
 
 
     Variable 12 (ABA mean (Tab-38)) 
 
 
               Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       4       3272.400         818.100         131.952    0.0001 
Within       10         62.000           6.200 
--------------------------------------------------------------------------- 
Total        14       3334.400 
 
          Coefficient of Variation = 5.28% 
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 Appendix 29 Annova of Effect of PSB inoculation on plant height of maize inoculated with     
PSB isolated from rhizospheric soil of wheat and maize grown at Kahuta (1666 m.a.s.l) and 
Narh (2400 m.a.s.l)  
 
  K        Degrees of   Sum of         Mean          FValue    Source  
              Freedom    Squares       Square       Value          Prob 
 
 
 
----------------------------------------------------------------------------- 
  1     Replication      2       115.200        57.600     31.6098   0.0001 
  2     Factor A         4      2892.000       723.000    396.7683   0.0002 
  4     Factor B         1         2.700         2.700      1.4817   0.2392 
  6     AB               4        64.800        16.200      8.8902   0.0004 
 -7     Error           18        32.800         1.822 
----------------------------------------------------------------------------- 
        Total           29      3107.500 
----------------------------------------------------------------------------- 
 
 
     Coefficient of Variation: 3.80% 
 
 
 
 
  



161 
 

Appendix 30 Annova of Effect of PSB inoculation on root length of maize isolated from 
rhizospheric soil of wheat and maize grown at Kahuta (1666 m.a.s.l) and Narh (2400 m.a.s.l) 
 
 
   
K     Degrees of   Sum of         Mean          F 
Value    Source    Freedom    Squares       Square       Value     Prob 
----------------------------------------------------------------------------- 
  1     Replication      2        96.800        48.400     27.9231   0.0001 
  2     Factor A         4      2359.200       589.800    340.2692   0.0001 
  4     Factor B         1        36.300        36.300     20.9423   0.0002 
  6     AB               4        37.200         9.300      5.3654   0.0050 
 -7     Error           18        31.200         1.733 
----------------------------------------------------------------------------- 
        Total           29      2560.700 
----------------------------------------------------------------------------- 
 
 
     Coefficient of Variation: 4.00% 
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Appendix 31 Annova of Streptomycin resistance test for PSB isolated from rhizospheric soil of 
wheat and maize   grown at Kahuta and Narh .5d old PSB culture was treated with 
streptomycin  

 

 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          2.520           0.840         730.435    0.0001 
Within        8          0.009           0.001 
--------------------------------------------------------------------------- 
Total        11          2.529 
 
          Coefficient of Variation = 1.17% 
 
     
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.620           0.540         342.857    0.0003 
Within        8          0.013           0.002 
--------------------------------------------------------------------------- 
Total        11          1.633 
 
Coefficient of Variation = 1.65% 
 
Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          0.442           0.147         101.724    0.0004 
Within        8          0.012           0.001 
--------------------------------------------------------------------------- 
Total        11          0.454 
 
     Variable 6 (Tab-43 Conc-4) 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          0.060           0.020          20.513    0.0004 
Within        8          0.008           0.001 
--------------------------------------------------------------------------- 
Total        11          0.068 
 
          Coefficient of Variation = 2.84% 
 
 



163 
 

Appendix   32 Annova of Kanamycin resistance test for PSB isolated from rhizospheric soil of 
wheat and maize grown at Kahuta and Narh.  5d old PSB culture was treated with 
streptomycin  
 
      
            Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          5.100           1.700        2000.004    0.0003 
Within        8          0.007           0.001 
--------------------------------------------------------------------------- 
Total        11          5.107 
 
          Coefficient of Variation = 1.01% 
 
       
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          1.942           0.647         431.667    0.0004 
Within        8          0.012           0.001 
--------------------------------------------------------------------------- 
Total        11          1.954 
 
          Coefficient of Variation = 1.96% 
 
         Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          0.180           0.060          61.539    0.0003 
Within        8          0.008           0.001 
--------------------------------------------------------------------------- 
Total        11          0.188 
 
          Coefficient of Variation = 2.08% 
 
 
            Degrees of    Sum of           Mean 
          Freedom      Squares         Square          F-value    Prob. 
--------------------------------------------------------------------------- 
Between       3          0.203           0.068          69.231    0.0003 
Within        8          0.008           0.001 
--------------------------------------------------------------------------- 
Total        11          0.210    
 
Coefficient of Variation = 2.90% 
 


