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Abstract 

Legumes are important crop of Asia that fix nitrogen in association with genus 

Rhizobium. Chickpea (Cicer arietinum L.) and green pea (Pisum sativum L.)  are the two 

most utilized food legumes in Pakistan. Nitrogen fixing bacteria can be used as alternative to 

chemical fertilizer without having deleterious effects on soil and microbes in addition to low 

cost. For this purpose isolation and characterization of various rhizobia is utmost important 

for symbiotic effectiveness.    

Present study was conducted at the Department of Biochemistry, Quaid-i-Azam 

University Islamabad, Pakistan to characterize 19 chickpea (Cicer arietinum L.) and 11 green 

pea (Pisum sativum L.) rhizobia from root nodules using soils collected from 27 different 

localities of Pakistan for phenotypic, molecular and symbiotic characterization. 

Bulk samples of soil were collected from 8–22 cm depth and were analyzed for 

different physico-chemical characteristics and micronutrients. Commercial strain of rhizobia 

for both chickpea and green pea was isolated from Bio-power (manufactured by National 

Institute of Molecular Biology and Genetics (NIBGE), Faisalabad, Pakistan) through root 

nodules. Fresh cultures were used for Gram’s staining to confirm as gram-negative rods. Soil 

isolates were confirmed as rhizobia by inoculating 5 day old seedling grown in sterile 

mixture of sand and soil (1:1).   

All the isolated rhizobia were gram negative. The coloration of rhizobial colonies 

were either milky-white translucent or shiny with circular shape. 25% of the chickpea 

isolates showed fast growth, 25% slow growth and 50% very-slow growth.  while in case of 

green pea rhizobia 33.3% grew fast, 50% slow and 16.66% grew very slow.. 

Various isolates obtained showed marked phenotypic variations. 25% of chickpea 

were tolerant to slight acid pH and 25% to basic pH. Overall eight strains (8cp, 9cp, 12cp, 

13cp, 16cp, 24cp, 26cp, 27cp) were tolerant against extreme pH. Approximately 1% isolates 

sustained acidic pH. 100 % grew in slight acidic to alkaline pHs (5.5 to 8). Five isolates (7gp, 

8gp, 9gp, 23gp, 24gp) tolerated extreme pHs. 85% chickpea isolates showed positive 

response from 0% to 2% NaCl. Eleven strains (2cp, 5cp, 6cp, 7cp, 8cp, 9cp, 11cp, 12cp, 

25cp, 26cp, 27cp) performed best for NaCl stress. 100% green pea isolate were able to grow 

profusely at 0.5% to 0.8% NaCl and  50% up to 1.5% NaCl concentration. 3gp, 7gp, 8gp, 

12gp, 27gp compete with check strain for high salt concentrations. All the chickpea isolates 

were able to grow at 25°C . 25% of the isolates tolerated temperature of 45°C. Two strains 

(11cp and 25cp) tolerated from 5°C to 50°C. All the green pea isolates were able to grow at 
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25°C while 75% continue to grow at 45°C (3gp, 8gp, 9gp, 12gp, 26gp, 27gp). No strain 

survived at 50°C. Present work revealed four major clusters among chickpea isolates for 

physiological traits at the distance of 8.9 and two major clusters for green pea isolates at 

distance of 6.5. PCA analysis of chickpea isolates revealed basic pH (6.5 to 9) and NaCl 

treatment were the major source of variation while all other coefficients were significant 

except 0% NaCl and pH 9.5. for green pea rhizobia. 

Isolated rhizobia showed different levels of sensitivity for tested antibiotics. Most of 

chickpea isolate were inhibited (MIC) at higher antibiotic concentrations. Maximum isolates 

(40%) were resistant against erythrosine, while were resistant for penicillin G. Majority of 

green pea isolates were inhibited at moderate antibiotic concentrations. Maximum isolates 

(35%) were resistant against erythrosine and chloramphenicol followed by penicillin G 

(30%).  

Studied rhizobial isolates were diverse for heavy metal tolerance. Among chickpea 

nodulating rhizobia 95% were found resistant against Ag, Pb, Mn, Cu and Zn where 85% 

were resistant to Co, 30% for Ni and 10% for Hg. 13 cp and 24cp were found resistant for all 

heavy metals while 7cp was sensitive for all heavy metals tested. In case green pea isolates, 

100% isolates were resistant against Ag, Pb, Mn, Cu and Zn, where 75% were resistant to 

Co, 50% for Ni and 18% for Hg. The cluster analysis for antibiotics and heavy metals 

explored four main clusters among chickpea rhizobia at the distance of 0.5 while two major 

clusters are evident at the distance of 1.4 among green pea rhizobia. According to principle 

components analysis for antibiotic and heavy metals, kanamycin, Ag, Pb, Mn, Cu, Co, Zn 

were most important coefficients found for chickpea rhizobia while chloramphenicol and 

amphicillin were the major source of variation for green pea rhizobia. 

Variable response was observed for carbon source utilization in rhizobia of chickpea 

as well as green pea. L-arginine and urea were the most utilized carbon sources (100%) 

followed by L-arabinose (95%) and potassium gluconate, D-maltose (90%) by chickpea 

isolates while L-arginine  and malic acid were the most utilized carbon sources (100%) were 

as D-glucose was the least utilized carbon source (17%) by green pea isolates. Cluster 

analysis of  carbon source utilization divide 20 chickpea isolates in to for major groups at the 

distance of 1.3 while three major clusters were observed in green pea isolates at the distance 

of 3.8. PCA analysis of chickpea isolates for carbon source revealed that capric acid, tri-

sodium citrate were the most important coefficients.  In case of green pea most of the 

variations were contributed by L-tryptophane, D-glucose, D-mannose, D-mannitol, N-acetyl-

glucosamine, D-maltose, potassium gluconate and adipic acid.  
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Cluster analysis of chickpea and green pea isolates for plasmid profile showed close 

association; although existence of diversity is evident from presence of four and five clusters 

at the distance of 0.3 and 1.5 respectively. Rang of plasmid numbers varied from 1 to 3, 

while size of plasmid varied from 2.3kb to 33kb for chickpea isolates. Rang of plasmid 

number for green pea rhizobia was varied from 1 to 2 and size from 9.4kb to 33kb. It is 

obvious from the results that chickpea rhizobia were less diverse for plasmid number and size 

than green pea rhizobia. Soil isolates nodulating both crops showed more variations for 

plasmid size than plasmid number. 

Cluster analysis of RAPD banding patterns revealed genetic diversity among studied 

isolates of chickpea and green pea by the presence of three and six clusters, respectively. 

Cluster analysis of RAPD bands conformed plasmid profile results that chickpea rhizobia 

were less diverse than green pea rhizobia. 

Isolated rhizobia of chickpea and green pea showed differential response to growth 

and nodulation. Significant positive correlation was recorded in chickpea and green pea 

rhizobia for nodule number, nodule DW, nodule size. Root length shoot length also exhibited 

positive correlation. While negative association was observed nodule size and total shoot 

nitrogen (%) in chickpea. 

Chickpea isolate 21cp was the most efficient isolate with 98% dry matter yield and 

14.25% total shoot protein and 16cp was the least efficient isolate with only 22% relative 

effectiveness incorporation to T(N) and T(0) control. Present work revealed that green pea 

isolate 18gp and 26gp were the most efficient isolates with 99% dry matter yield and 

14.25%, 7.85% total shoot protein, respectively while 8gp was the least efficient isolate with 

only 57% dry matter and 8.8% total shoot protein.  

Although isolated rhizobia successfully nodulated chickpea and green pea seedlings 

but salt treatment limited nodulation and growth significantly. Nodule dry weight/plant was 

the most adversely affected parameter (74.1%) in chickpea and shoot dry weight (88.14%) in 

case of green pea. Over all 29.8% reduction was recorded for total shoot nitrogen, in salt 

treated chickpea seedlings and 19.4% in green pea. Mean nitrogenase activity decreased 

(71.6%) in chickpea and 55.9% in green pea.  Reduction in chlorophyll a was 29.7% and 

10.7% for chlorophyll b in chickpea while chlorophyll a was declined 30.5% and 26.4% for 

chlorophyll b in green pea 

Salt stress induced different responses in soluble protein and most of the antioxidant 

enzymes. Chickpea seedlings exhibited reduction for total nodule soluble proteins (47.47%), 

catalase (71.06%), ascorbate peroxidase (57.22%) and increase for peroxidase activity 
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(26.97%), superoxide dismutase (21.96%), reduced glutathione (198.42%) and lipid 

peroxidation (61.65%) 

In green pea seedlings undergo decline for total nodule soluble proteins (93.84%), 

catalase (50.62%), ascorbate peroxidase (83.5%) and increase for peroxidase activity 

(128.27%), superoxide dismutase (14.07%), reduced glutathione (72.91%) and lipid 

peroxidation (95.74%). 

It is clear from the correlation study that under no salt stress catalase was involved in 

primary defense against (ROS). A strong positive association between SOD, POD and GSH 

was observed under salt stress. It is suggested that these enzymes play important role to 

protect nodular tissue against salt provoked excessive oxidation. 

SDS-PAGE studies revealed expression of 6 proteins in chickpea rhizobia 

(approximately 10, 15, 27, 35, 56 and 65 kDa) and 11 in green pea rhizobia (approximately 

12, 35, 40, 55, 57, 65, 70, 95, 115, 130 and 150 kDa) under salt stress. 

Four chickpea (21cp, 22cp, 26cp and 27cp) and five green pea (3gp, 12gp, 24gp, 

26gp and 27gp) isolates were better in relative effectiveness (in comparison to T(N) control 

and commercial strain (BPgp) and total shoot nitrogen, tolerant to basic pHs, high salt 

concentrations, elevated temperatures, resistance for majority of antibiotic and heavy metals 

tested and were able to utilizes wide rang of carbon sources and efficient symbionts under 

salt stress with strong antioxidant defense system and salt stress gene expression; are most 

suitable candidate inoculants. Therefore, all the isolates that perform better in broth media as 

well as pot experiment under NaCl stress expressed stress tolerant genes could be used as 

successful inoculum for corresponding crop.  
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Introduction 

Green revolution technologies arrived in Pakistan in the 1960’s through the 

introduction of high yielding varieties (HYV’s). After about 4–5 years this technology 

proved ineffective because those HYV’s need optimized irrigated conditions, costly 

chemical fertilizers, pesticides and insecticides. Frequent irrigation caused severe damage 

to soil conditions in the form of salinity over a wide area and cause significant genetic 

erosion (Yasin, 2007). Field concentrations of fungicides have induced negative effects 

on inoculated micro-organisms and their activities (Ayansina and Oso, 2006; Mubeen et 

al., 2006). The consistent use of pesticides to control pests cause resistance among pests 

and vectors and led to adverse affects on non-target organisms.  

About 40 to 60 percent of applied nitrogen in form of urea is lost by volatilization, 

run-off, and denitrification and leaching. The leached nitrate causes insect pests and 

diseases susceptibility, crop lodging due to extensive growth and reduces seed quality. 

The continuous application of phosphorus-based fertilizers may result in trace metal 

contaminants, potassium fertilizers decreases vitamin C and carotene contents in fruits 

and vegetables while, chemical fertilizers lead to malnutrition due to the degradation of 

carbohydrates and proteins (Shafiq-ur-Rehman and Chaudhry, 2006). All these resulted in 

increased cost of production, poverty and food insecurity (Yasin, 2007) and threat to the 

lives and livelihood of millions of people (Mubeen et al., 2006). Hazardous affects of 

chemical fertilizers have forced the scientific fraternity to look for alternatives. A remedy 

to this problem is the environmental friendly bio-fertilizer, now used in most countries. 

1.1. Bio-Fertilizers 

Bio-Fertilizers are microbial preparations containing primary sufficient number of 

active strains of micro-organisms having an explicit role to provide better rhizosphere for 

plant growth (Pal, 1986). Bio-fertilizer can be divided into nitrogen fixing bacteria, 

phosphate solubilizing and mobilizing micro-organisms and organic matter decomposers 

etc. Some of these micro-organisms are also being reported to produce plant growth 

promoting substance. Benefits attributed to the use of bio-fertilizer includes germination 

increase up to 20 percent, improves seedling emergence and growth, increases yield from 

10 to 40 percent, improves fruit quality, saving of 25 to 35 percent inorganic fertilizers, 

increase  availability and up take of N and P in plants, improves soil fertility and crop 

productivity. Higher population of beneficial micro-organism in soil increase nutrient 

retention and availability leading to improve yield, improves nitrogen and phosphorus 
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fertilizer efficiency and resolves increased salinity of the soil and chemical run-offs from 

the agricultural fields (www.geepeebiofert.com). Thus, bio-fertilizers are important if we 

are to ensure a healthy future for the generations to come (Mubeen et al., 2006). Bio-

fertilizers have been proved to be effective and economical alternative of chemical 

fertilizers with lesser in put of capital and energy (Hafeez et al., 2002).  

1.2. Legumes 

Food legumes belong to family Fabaceae. Legumes are important crop of Asia. 

They account for approximately 20% of global food production (Broughton et al., 2003). 

It constitutes about two- third of the total dietary intake in Asia. Food legumes contain 20 

to 30% protein therefore, regarded as natural substitute for meat. World production of 

pulses is given in table 1.1. About 15% of the nearly 20,000 species in the Fabaceae 

family have been examined for N2-fixation. In legumes, bacterial species of genus 

Rhizobium are responsible for nitrogen fixation. 

Chickpea (Cicer arietinum L.) and green pea (Pisum sativum L.), the two most 

utilized food legumes in Pakistan were chosen to characterize their symbiotic partners. 

1.2.1. Chickpea (Cicer arietinum L.) 

Chickpea also known as Bengal gram and Garbenzo beans ranks top most on the 

basis of utilizable protein content. Chickpeas are a good fiber source that helps to lower 

cholesterol and restore blood sugar levels, making them a great food for diabetics and 

insulin-resistant individuals. Chickpea beans are an extremely low-fat, complete protein 

food and offer a good supply of zinc, magnesium, folic acid and molybdenum. It is also 

diuretic, anti-stress, anti-hyperlipidemic and stamina building. It is a stimulant, tonic, 

aphrodisiac, anthelmintic, and useful in bronchitis and biliousness. It is also useful in 

leprosy and other skin diseases. The powdered seed is used for dandruff and also used as 

a face pack (www. DrEddyClinic.com). 

1.2.2. Green pea (Pisum sativum L.) 

Green pea (Pisum sativum L.) is also known as garden pea. It is an annual self 

pollinated, herbaceous plant. Green pea generally grows best between 10°C and 20°C. It 

can be included anywhere in a rotation (Whytock and Frame, 1985). Rhizobial 

inoculation of seed was beneficial to nodulation, plant growth and nitrogen fixation on 

acid soils where peas had not previously been grown (Sparrow et al., 1993).  

Its nitrogen-fixing ability estimates vary but usually amounts up to 70 kg N/ha 

(LaRue and Patterson, 1981). However, Kucey (1989) recorded 117 kg N/ha in western 

Canada. Garden pea is a valuable source of protein. A typical analysis of the cut material  
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Table1.1. World production of pulses (million tones) 

 2002 2003 2004 2005 

Asia 27.1 27 29.7 28.9 

Africa 9.3 9.5 9.6 9.5 

Latin America & Caribbean 6.6 6.8 6.5 6.2 

Europe 8.1 7.8 8.2 8.1 

North America 4 4.5 6.1 6.2 

Oceania 1.3 2.2 1.3 1.9 

World 56.5 57.7 61.4 60.7 

Developing countries 42.7 43 45 44.2 

Developed countries 13.8 14.7 16.4 16.5 

Source: Food and agriculture organization (FAO) of the United Nations (2007) 
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prior to ensiling is: crude protein (16–20%); DOMD (proportion of digestible organic 

matter in the dry matter) 60–65% and metabolizable energy (ME, 10.0–10.5 MJ/kg of dry 

matter). It can be grazed by a range of livestock. Vitamin K, vitamin C, thiamin (vitamin 

B1) folate, manganese, dietary fiber are present abundantly in green peas. Green peas also 

contain ample amount of vitamin B6, riboflavin (vitamin B12), protein, niacin, vitamin A, 

copper, phosphorous, zinc, iron, potassium and magnesium.  

1.3. Rhizobium  

Rhizobia are strictly aerobic, rod shaped cells, 0.5 – 0.9 µm × 1.2 – 3.0 µm in size, 

non- spore forming mobile by a single polar flagellum or two to six peritrichous flagella. 

They formed white pigmented, circular, convex, semi-translucent raised mucilaginous 

colonies. They are chemo-organotraphic in nature. Due to nitrogen (N2) fixation ability 

Rhizobium sp. is widely used as nitrogen bio-fertilizer for leguminous plants. The species 

can fix up to 220 pounds of N2 per agricultural acre per year. On nutrient basis, one tonne 

of Rhizobium inoculants is equivalent to 100 tonnes of inorganic fertilizer 

(www.geepeebiofert.com). The root nodule bacteria are a diverse group of ubiquitous soil 

inhibiting Gram-negative bacteria (O’ Hara, 2001). 

In Brazil, soybeans inoculated with Rhizobium are responsible for $1.3 billion per 

year savings in production costs (Coutinho et al., 2000). One species is generally 

effective with only one species, but few exceptions are also present when more than one 

strain is associated with the same host. Several Mesorhizobium species may effectively 

nodulate chickpea e.g., M. ciceri, M. medeterraneum (Lanarjo et al., 2008) and R. 

leguminosarum is reported to nodulate green pea (Laguerre et al., 2007). Most of the 

genes involved in nodulation (nod) and nitrogen fixation (nif, fix) are located on large 

plasmides known as ‘Sym’ plasmids (Bynon  et al., 1980). Plasmids are also reported to 

carry salt tolerant genes (Shamseldin, 2008). Nod factors are the key molecules involved 

in nodulation mechanism that are induced by flavonoids produced by the host plant 

(Stephen et al., 1988). 

Earlier rhizobia were divided in to two groups. Slow growing rhizobia i.e., 

Rhizobium japonicum and fast growing bacteria i.e., R. leguminosarum, R. phaseoli, R. 

ciceri (Stanfield et al., 1989). Recently on the basis of sequences of the small subunit of 

16s ribosomal RNA taxonomy and systematic have been revised and this genus is divided 

in to four genera namely I) Rhizobium (R. leguminosarum, R. tropici, R. etli); II) 

Sinorhizobium (S. fredi, S. moliloti, S. teranga, S. saheli); III) Mesorhizobium (M. 
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huakuii, M. ciceri, M. tianshanense, M. medeterraneum) and IV) R. galegae (Young, 

1996).  

1.4. Rhizobial diversity 

To achieve maximum biological nitrogen fixation (BNF) out of any legume-rhizobium 

association it is necessary to properly characterize and identify rhizobia before they are 

made commercially available for field application (Sahgal and Johri, 2003). Assessment 

of diversity within rhizobial natural populations in various regions of the world has 

received increased attention (Ando and Yokoyama, 1999; Satyaprakash and Annapurna, 

2006; Kücük and Kivanc, 2008). At that time common method to differentiate strains 

within Rhizobium species include; generation time (Maâtallah et al., 2002a; 2002b), 

ability to fix nitrogen in plants (Noel and Brill 1980; Dughri and Bottomely 1983, Jenkins 

and Bottomely 1985; Kamicker and Brill, 1986), pH tolerance, temperature tolerance, salt 

tolerance (Kücük and Kivanc, 2008), resistance to antibiotics and heavy metal (Ellis et 

al., 2003; Kücük and Kivanc, 2008). Carbon source utilization patterns have also been 

used to distinguish isolates and strains among the Rhizobiaceae family (Kücük and 

Kivanc, 2008). Shoot total protein analysis helps to establish the optimum fertilizer rate 

used for pulse legumes (Satterly et al., 2004); whole cell soluble protein pattern (SDS-

PAGE) has been used not only to identify rhizobial strains (Fabriano and Arias, 1990; 

Irisarri et al., 1996) but also to differentiate among isolates within the same serogroup 

(Broughton et al., 1987); Acetylene reduction assay is widely used for estimating 

biological nitrogen fixation. Previous studies showed that acetylene is reduced to ethylene 

by nitrogen-fixing systems and that acetylene reduction by nitrogenase has the same 

requirements for reductant and ATP as does the reduction of nitrogen to ammonia 

(Mederski and John, 1977). Nodule protein profiles are used to screen salt tolerant 

symbiotic strains (Mhadhbi et al., 2004). Nodule antioxidant enzyme studies are very 

critical for effective symbiotic associations as legume nodule have high potential for 

producing reactive oxygen species (ROS) due to their strong reducing condition 

(Gorgocena et al., 1995; Tejera et al., 2004; Jebara et al., 2005; Loscos et al., 2008). 

In order to promote crop productivity in metal-polluted soils; recently, plant 

growth promoting bacteria are being applied to restore contaminated soils.  (Wani et al., 

2008a; Wani et al., 2008b; Wani et al., 2009). 

All these techniques with addition of genomic DNA fingerprinting using random 

amplification of polymorphic DNA (RAPD) (Turco and Bezdicek, 1987) has been not 

only used to discrimination bacterial strains (De Oliveira et al., 2000), but also for 
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analysis of genetic diversity (Young, 1996; Corich et al., 2001; Maâtallah et al., 2002a; 

Kumar et al., 2006; Brigido et al., 2007).  

1.5. Soil salinity 

The environment has long been known to influence symbiotic nitrogen fixation. 

Salinity is considered a significant factor affecting crop production and agricultural 

sustainability in arid and semi-arid region of the world, reducing the value and 

productivity of the affected land ((Tejera et al., 2004; Gamma et al., 2007). 

Involvement of salt stress in the accumulation of free amino acids nitrate, 

ammonium and reduction in protein synthesis in plants are reported by many workers 

(Pessarakli et al., 1989). Salt stress increase non-protein-N fraction and irregularly change 

the protein-N fraction (Udovenko et al., 1970). 

Salinity in the soil and irrigation water is an environmental problem and a major 

constraint for crop production. Currently, 20% of the world's cultivated land is affected 

by salinity, which results in the loss of 50% of agricultural yield (Zhu, 2001; Bartels and 

Sunkar, 2005). At present, there are nearly 954 million hectares of saline soils on the 

earth's surface. All these salt affected soils are distributed throughout the world. A large 

bulk of about 320 million hectares and land in South and South East Asia is under the 

grip of salinity.  

Soil salinity is also a serious problem of agriculture in Pakistan. In Pakistan, about 

6.30 million hectares of land are salt-affected and of which 1.89 hectare is saline, 1.85 

million hectare is permeable saline-sodic, 1.02 million hectare is impermeable saline-

sodic and 0.028 million hectare is sodic in nature. It is estimated that out of 1.89 million 

hectares saline patches, 0.45 million hectares present in Punjab, 0.94 million hectares in 

Sindh and 0.5 million hectares in NWFP. The substantial rise in the water table has 

caused salinity and water logging in large areas of Sindh, Punjab, NWFP and Balochistan. 

Several salt-tolerant grain, fruit and fodder species have been identified for practicing 

saline agriculture in the country (Alam, 2000). 

More than 70% of the tube-wells in saline areas are pumping out brackish water. 

The problem is more severe in Sindh and Southern Punjab than other parts of the country 

(Malik et al., 1979). In-fact, these problems are threatening the whole production system 

of arid and semi-arid areas of Pakistan. These areas are now subjected to severe 

degradation and desertification. Excessive irrigation system losses coupled with 

inadequate drainage provisions have greatly contributed to the rise of water table causing 

serious problems of water logging and salinity in many areas of Pakistan. The salinity 
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control and reclamation projects constructed to combat water logging and salinity and 

thereby, increase agricultural productivity have resulted in partial success (Piracha et al., 

1995). In order to control water logging and soil salinity in large areas of Pakistan, the 

introduced SCARP (Salinity Control And Reclamation Projects) failed badly as it result 

in disturbed balance between the fresh-saline ground water and produced a unending 

problem of saline water movement towards fresh ground water zones (Qazi et al., 1996). 

Now a day efforts have been made to learn to live with salinity and make 

profitable use of saline land and water resources. Recently a safe alternative approach has 

been employed to combat salinity known as “Bio-saline agriculture technology”, which 

involves the cultivation of salt tolerant species/cultivars with genetic traits to utilize salt 

affected soils. This technology gives economic return and provides vegetative covers to 

soil which reduces evaporation and hence the rate of salinization. This biological 

approach involves screening and selection of highly salt-tolerant plant species/varieties 

from the naturally existing germplasm or from these developed through breeding, 

hybridization and other techniques, and then introducing the selected plants for increased 

plant establishment and productivity in saline areas (Aslam, 2006).  Many halophytes are 

reported to grow efficiently in saline soils (Aslam, 2006). Although chickpea (Cicer 

arietinum L.) and green pea (Pisum sativum L.) have not been reported to grow in saline 

soils but as the problem of salinity is growing there is need to test both of the crops for 

salt tolerance along with their symbiotic partner. Salt stress is more pronounced in arid 

and semi-arid regions, particularly because plants grown in these areas take most of their 

nitrogen demands from symbiotic N2 fixation (Zahran, 1991). 

1.5.1. Symbiotic nitrogen fixation under saline conditions 

Variation among strains of Rhizobium spp. in the symbiotic performance under 

saline conditions has been reported by many researchers (Subba-Rao et al., 1990). Salt 

has been reported to badly affect different stages of successful symbiosis such as, 

survival, growth, and distribution of rhizobium in soil, limit root colonization, hang-up 

process of infection and nodule development or demolition of active nodule functioning 

(Craige et al., 1991; Tate, 1995). Salt stress has also been involved in nodule greening 

and responsible for diminution of the Leg-hemoglobin content inside the nodules 

(Delgado et al., 1993).  

Biosynthesis and accumulation of several substances of plant and microbial origin 

for prevention against salt induced stress has been reported. To protect cell from oxidative 

damages, notable range of antioxidant enzymes and metabolites are usually present in 
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plant cell that avert the formation of reactive oxygen species (ROS). Rhizobium- legume 

symbiosis is one of the diverse physiological processes to which antioxidants are 

concerned (Loscos et al., 2008).  

Involvement of nodule antioxidant enzyme in effective symbiotic associations 

under saline conditions have also been studied because nodule always contain high level 

of (ROS) (Gorgocena et al., 1995) due to strong reducing condition  (Tejera et al., 2004; 

Jebara et al., 2005; Loscos et al., 2008). 

In order to improve salt ability of rhizobia to grow in saline soils, screening of 

salt-tolerant rhizobia from environmental rhizobial populations in saline or non-saline 

soils (Zahran, 1991) is cheaper and more successful than improvement to through genetic 

engineering (Munns et al., 1981). 

Salinity tolerance among rhizobia varies species to species. R. meliloti strains 

tolerate 100 mM NaCl (Mashhady et al., 1998), R. leguminosarum have been reported to 

be tolerant to NaCl concentrations up to 350 mM NaCl in broth culture (Abdel-Wahab et 

al., 1979; Breedveld et al., 1991). It is evident from several investigations that symbiotic 

effectiveness is positively correlated with high- tolerance under saline condition (Chien et 

al., 1992). Therefore, there may be scope for selecting a Rhizobium-legume symbiosis 

that is better adapted to saline conditions 

1.6. Relevance of work 

Keeping in mind the host-rhizobia symbiotic specificity and bacterial adaptations 

to prevailing environments, it is important to characterize these microbial assets and to 

optimize legume use. 

It is possible that Pakistani arid soils may contain resistant strains to the existing 

extreme environmental stresses such as salinity, high soil temperature, pH, antibiotic and 

heavy metal tolerance. There is great need to isolate and evaluate such strains for large 

arid areas of Pakistan. Improvement in efficiency of legume-commercial rhizobia is likely 

to result increased production of protein in legumes. The symbiotic effectiveness of 

rhizobia that nodulate wild legumes and Rhizobium japonicum are studied extensively, 

but very little is known about native Rhizobia nodulating chickpea (Cicer arietinum L.) 

and garden pea (Pisum sativum L.) of Pakistan. This work will guide to select strains that 

efficiently nodulate and fix nitrogen and may be used as inoculants for chickpea and 

green pea. 

Therefore, present study is aimed to characterize 19 Rhizobium strains isolated 

from root nodules of chickpea and 11 from green pea, using soils collected from different 
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regions of Pakistan for phenotypic, molecular and symbiotic characterization. The best 

symbionts for relative effectiveness, total shoot protein and in-vitro temperature, pH and 

salt tolerant were further evaluated for salt stress. Symbiotic characters, nitrogenase 

activity, whole cell protein profiles (SDS-PAGE), nodular antioxidant enzyme activities 

were studied under salt stress.  

Objectives: 

 Phenotypic characterization of rhizobial isolates. 

 Molecular characterization: 

1. To study genetic diversity for plasmid profile analysis. 

2. To determine the extent of polymorphism at the DNA level and the genetic 

relatedness among rhizobia using RAPD primers. 

 Symbiotic characterization: 

1. To study relative infectivity and effectiveness to identify and characterize 

symbiotically strains that could be used as inoculums for Cicer arietinum L. 

(Chickpea) and Pisum sativum L. (Green pea). 

2. To study effect of salt on host and its rhizobial partner in saline conditions and 

screening for efficient symbionts under salt stress by (SDS-PAGE) analysis 

for salt stress protein expression of rhizobial isolates. 
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Review of literature 

Rhizobia involved in nitrogen fixation are mostly specific to their host. The N 

fixation depends greatly upon the environmental conditions and the genetic diversity of 

the Rhizobia as well as the host species. Studies relating to different aspects of the 

phenotypic characterization and genetic diversity in rhizobia and their nitrogen fixation 

potential are given as under.   

2.1. Generation time 

Working with 536 cowpea nodule bacteria (Lindete et al., 1997) reported fast 

growth for 27 isolates. They further arranged them in 78 different groups on the base of 

colony morphology and growth rate. They observed increased number of fast growing 

rhizobia from cost to land and concluded that fast growing rhizobia are more stress 

resistant. Maâtallah et al. (2002a) grouped chickpea rhizobia on the basis of generation 

times. According to their results 22% of the isolates were fast growers (50 min < GT < 3 

h), 32% slow growers (3 h < GT <9 h) and 46% were extra-slow growing bacteria with a 

generation time of more than 9 h.  

Maâtallah et al. (2002b) reported about 8.3% of the chickpea strains as fast 

growers with a generation time (GT) lower than 3 h, 41.7% as slow-growing with a GT 

between 3 and 9 h, and 50% as extra-slow grower bacteria with a generation time greater 

than 9 h. Odee et al. (1997) reported a wide range of growth rates (MGT): very fast 

growing (1.6–2.5 h), fast growers (2.8–4.8 h), intermediate between fast and slow 

growing (4.6–5.7 h) and very slow growers (6.4–8.8 h). On the basis of mean generation 

time (MGT) very fast and fast growers were included in Rhizobium spp., while very slow 

and intermediates were placed in Bradyrhizobium spp. Kücük et al. (2006) isolated thirty 

rhizobial strains from bean (Phaseolus vulgaris L.) and classify 10 isolates under the 

heading of fast growers (60 min), while rest of other isolates were slow growers (12 h). 

2.2. pH tolerance 

According to Sane (1987) alkaline soils are characterized by high pH values up to 

11.5. Kulkarni and Nautiyal (1999) observed considerable growth on pH 9 for majority of 

strains, except 3 strains that were well adapted to grow on pH 12.0. Rickert et al. (2000) 

described in their results that adaptive response was dependent on the sub-lethal pH and 

the strain intrinsic acid tolerance: the lowest pH values tolerated after adaptation were 4.0 

for strain LL56 and 5.7 for strain LL22, and the lowest pH values tolerated after 

adaptation were 3.0 and 4.0 respectively. Raza et al. (2001) tested Bradyrhizobium sp 
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(lupini) strains for pH range (4–10). Their over all results indicated wide range for pH 

tolerance (pH 9–10). Maâtallah et al. (2002a) isolated rhizobia from chickpea that were 

effective and able to grow at pH ranging from 5 to 8. Hung et al. (2005) observed 

majority of strain tolerated extreme pH in their medium from 3.5 to 12. Shamseldin and 

Werner (2005) found pH 4.7 as the minimum level of pH tolerance for most of the strains. 

Kücük et al. (2006) tested Rhizobium strains nodulating beans for pH (3.5–9). All 

isolates were grown in YEM medium with pH values of 5 and 8, but differences were 

detected at pH 4. All the isolates grow at extremely basic condition as high as 9. 

Rodrigues et al. (2006) quantify bacterial growth for the pH range (5–9). A positive 

correlation was observed between the maximum growth pH and the isolate origin soil pH. 

At 28oC two isolates grew more at pH 7, but at 20oC, the growth rate was higher at pH 9. 

Kücük and Kivanc (2008) noted that all chickpea nodulating strains grew in YEM 

medium with pH values of 5.0 and 8.0, but differences were detected at pH values of 3.0 

and 9.0. 

2.3. Temperature  

Osa-Aflana and Alexander (1982) compared temperature tolerance of cowpea 

rhizobia. Their results present no growth at 40oC, but all grew at 29, 31, 33, and 35oC. 

Most of strains tested have an optimum growth at 33oC. Kulkarni and Nautiyal (1999) 

described that out of 2500 rhizobial strains 405 strains were selected that had similar 

growth patterns after 72 h on YEM plates incubated at 30 and 45oC. The second screening 

resulted in 24 tolerant strains, were able to grow at 47.5oC. 

Maâtallah et al. (2002a) reported maximum growth between 20 to 30oC. 

Percentages of isolates that can grow below and above theses limits were 12 % at 5oC and 

7% at 45oC. More than 50 % could not tolerate more than 42–45oC. According to the 

results of Hung et al. (2005) 28 strains grew well between temperatures 37 and 45oC. 

Kücük et al. (2006) recorded abundant growth at a temperature of 42oC for rhizobia 

isolated from root nodules of beans. Rodrigues et al. (2006) observed better growth for 

most of the isolates at 28oC except one of the strain that shows maximum growth at 20oC. 

Isolates grew efficiently at 20oC and that at 37oC, except two isolate that were more 

tolerant to 37oC. Kücük and Kivanc (2008) dealing with temperature tolerance in 

chickpea rhizobia find that all strain showed growth in YEM medium of 20, 25, 30 and 

37oC while 75% of the strains were tolerant to 40oC.  
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2.4. Antibiotic resistance 

Multiple drug resistance is commolon in human and animal pathogenic bacteria 

but quite uncommolon in soil bacteria (Cole and Elkan, 1979). Antibiotic resistance is 

one of the methods used as genetic marker to differentiate bacterial strain. Cole and Elkan 

(1973a) recorded resistance to penicillin G, neomycin and chloramphenicol is 

extrachromosomal element mediated. Mahler and Bezdicek (1978) studied diversity for 

antibiotic resistance. They recorded relative resistant to penicillin, chloramphenicol, 

polymyxin B and novobiocine and were sensitive to erythromycin, tetracycline and 

streptomycin. Cole and Elkan (1973b) screened 48 strains of R. japonicum for several 

commolonly used antibiotics. 60% strains were resistant to chloramphenicol, polymyxin 

B, and erythromycin and 47% or more were resistant to neomycin and penicillin G. 

Hagedron (1979) examined 50 Rhizobium trifolii isolates and found resistance to 

15 antibiotics. The cultures were resistant to high concentrations of 11 of the antibiotic 

but were relatively sensitive to streptomycin, tetracycline, vancomycin and 

chloramphenicol. Kremer and Peterson (1982) determined patterns of intrinsic resistance 

and susceptibility to different concentrations and combinations of five antibiotics 

(kanamycin sulfate, streptomycin sulfate, tetracycline hydrochloride, penicillin G, and 

rifampycin) in legumes. They suggested intrinsic resistance and susceptibility patterns 

were reliable for identification of nodule strains when strains were first isolated from the 

nodules to provide a standard inoculum size and type on antibiotic containing media. 

They further elaborated that high strain recovery was associated directly with high rates 

of inoculation. Gupta et al. (1983) use intrinsic multiple antibiotic resistance markers in 

order to study competitive and effectiveness of mung bean rhizobia. They antibiotics 

tested were erythromycin, 15μg/disc; ampicillin, 10 μg/disc; tetracycline, 30 μg/ disc; 

gentamycin, 10 μg/disc; streptomycin, 10 μg/disc; kanamycin, 30 μg/disc; 

chloramphenicol 30 μg/disc. The antibiotic spectra showed that a large number of native 

rhizobia were sensitive to all the test antibiotics (53%). They observed that frequency of 

resistance to single and double antibiotics was higher than multiple resistances. Selvaraj 

and Iyer (1984) also tested their rhizobial tn5-insertional derivatives of R. meliloti for 

minimum inhibitory concentrations for carbencillin, 40 μg/ml; chloramphenicol, 30 

μg/ml; kanamycin, 40 μg/ml; rifampycin, 150 μg/ml; streptomycin and kanamycin, 30 

μg/ml. Most of the derivatives were resistant to streptomycin (50 μg/ml) where as 

parental strains were sensitive to streptomycin. While a total of 300 kanamycin 
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transfortmants were then screened for streptomycin resistance but no one was enable to 

grow in streptomycin.      

Raza et al. (2001) selected 12 antibiotics to investigate intrinsic antibiotic 

resistance (IAR) patterns tolerance of Bradyrizobium sp. (lupini) strains. They found that 

all the strains were sensitive for clindamycin (2 µg/ml) but divided in to four groups on 

the basis of to the (IAR) for remaining 11 antibiotics. Group A, include to strains that 

were resistant to all 11 antibiotics and group C, comprises 3 strains that were sensitive for 

all the antibiotics tested. Maâtallah et al. (2002a) and (Maâtallah et al., 2002b) find out 

intrinsic antibiotic resistance to amphicillin, 50 μg/ml, chloramphenicol, 10 μg/ml; 

kanamycin, 10 and 100 μg/ml; rifampycin, 10 μg/ml; streptomycin 25 and 100 μg/ml and 

kanamycin, 30 μg/ml chloramphenicol, 30 μg/ml; kanamycin, 40 μg/ml; rifampicin, 150 

μg/ml, nalidixic acid, 50 μg/ml; erythromycin, 100 μg/ml and tetracycline 20 μg/ml. 65% 

isolates exhibited high resistance to kanamycin, nalidixic acid and erythromycin. While 

14 to 25% were resistant for streptomycin, amphicillin, chloramphenicol, rifamycin and 

tetracycline. Their results indicate that tolerance of strains to the antibiotic did not show 

correlation with their growth rate, but it could be related to the bacterial species. 

Kücük et al. (2006) reported intrinsic resistance for chloramphenicol (20 and 50 

μ/ml) erythromycin (30 μg/ml), kanamycin (10 μg/ml), and streptomycin (40, 80 and 100 

μg/ml) in bean rhizobia. Kücük and Kivanc (2008) also tested chickpea rhizobia for 

intrinsic antibiotics for following concentrations, streptomycin (100 μg/ml), kanamycin 

(50 μg/ml), erythromycin (30 μg/ml), chloramphenicol (200 μg/ml), and penicillin (25 

μg/ml). Majority of strains showed a high level of resistance against streptomycin, 

erythromycin, kanamycin, penicillin and chloramphenicol.  

2.5. Heavy metal resistance 

Heavy metals adversely influence microorganisms, not only affect their growth, 

but also their morphology and activities. Metals also can exert a selective pressure on the 

organisms that increases heavy metal tolerance in microbial populations. Due to 

importance of legumes in animal and human consumption and their use in maintaining 

soil fertility, some attention has been given to the effects that heavy metals exert on 

Rhizobium isolates. 

Diaz-Ravina et al. (1993) determined the tolerance of a soil bacterial community 

to Cu, Cd, Zn, Ni, Pb. They artificially contaminated an agricultural soil in laboratory. An 

increase to tolerance to the metal added to soil was observed for the bacterial community 

obtained from each polluted soil was compared with non polluted soil. An increase in the 
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tolerance to metal added to soil was observed, indicating that there was multiple heavy 

metal tolerance at the community level. They found significant positive relationships 

between changes in Cd, Zn and Pb tolerance and to a lesser degree, between changes in 

Pb and Ni. Saxena et al. (1996) stated that heavy metals influenced protein profiles of 

rhizobia, by decreasing polypeptide expression in sensitive strains and increasing in 

resistant strain (Pereira et al., 2006). 

2.6. Carbon utilization patterns 

Carbon utilization patterns have also been used to distinguish isolates and strains 

among the Rhizobiaceae family. If we look at the past work a few researchers focused 

this parameter for chickpea and garden pea. 

Kulkarni and Nautiyal (1999) selected 7 strains of root nodule bacteria isolated 

from Prosopis juliflora for 17- carbon sources utilization. They observed positive results 

for all the carbon sources (glucose, mannitol, sorbitol, galactose, sucrose, fructose, 

lactose, xylose, raffinose, acetate, formate, citrate, propionate, tartarate, ethanol, glycerol) 

except Na tartarate. According to the findings of Maâtallah et al. (2002a) all tested strains 

of chikpea rhizobia grew on glycerol, D-fructose, N- acetylglucosamine, sorbitol, 

mannitol, surose, trehalose, L- fructose, gluconate, L- arabitol, maltose and cellibiolose, 

while L- xylose, glycogen, inulin or α-methyl-D-mannoside was not utilized by any 

strain. Kücük et al. (2006) being presenting biochemical properties if bean rhizobia found 

that Eskiseshir isolates were able to use several compounds as sloe source of carbon. All 

isolates show growth for D (-) fructose, D (+) mannitol, sucrose, D (+) galactose, starch 

α- L-rhamnose and malate. The isolates were unable to use tartrate and dulcitol. Kücük 

and Kivanc (2008) tested for rhizobial growth of chickpea nodule isolates for against 12 

carbon sources and observed positive result for all compound used as carbon source. 

2.7. Plasmid profiles 

Toro and Olivares et al. (1986) reported two cryptic plasmids of 140 and 114 

MDa in reference strain R. meliloti GR4. Velázauez et al. (1995) revealed that wild-type 

strains of R. meliloti had pSym plasmids with a molecular weight above 1,400 X 10 and 

exhibited three different plasmid profiles distinguished by the presence or absence of 

various smaller sized cryptic plasmids. Loccoz and Weaver (1996) observed that plasmids 

play important role in saprophytic characteristics and sodium chloride tolerance of W14-2 

in vitro. No plasmid-cured derivative grew better than the wild-type overall, suggesting 

that the extra chromosomal genome contributes to the saprophytic competence W14-2 in 

soil.  Zou et al. (1998) working with Tephrosia candida observed that plasmid profile of 
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strain S25  harbors only one plasmid with an estimated size o 150 kb. Lakzian et al. 

(2002) investigated populations of Rhizobium legueminosarum bv viciae from plots of a 

long-term sewage sludge experiment. They observed three and nine plasmids for rhizobial 

isolates which vary in size from approximately 100 to 850 kb. A total of 49 plasmid 

profile groups were identified among isolates they studied. Castro et al. (2003) studied 

the role of plasmids in the ecology of these rhizobia strains in the presence of heavy metal 

(mainly Zn and Hg). They concluded that plasmids could be important for the adaptation 

of rhizobia to stressful conditions. Romero and Broom (2004) reported plasmid number 

from 0 to 11 and size from 150 to 1,683 kb in family Rhizobeaceae. They also reported 

that proportion of plasmids to total genome size represent even from 25 to 50% of 

genome size. Vessey and Cheminging’wa (2006) reported occurrence of 1 to 8 plasmids 

in Rhizobium legueminosarum bv. viciae. They further explain that presence of one and 

four plasmid bands was most common pattern. Strains varied in plasmid size from less 

than 50 kb to more than 1000 kb.  

Lakzian et al. (2007) recorded three, four and five plasmid bands and 10 to 14 

banding patterns in Rhizobium legueminosarum bv viciae. They found that tolerance to 

elevated zinc concentrations in rhizobia is closely related to transfer of naturally-

occurring plasmids. 

2.8. RAPD analysis 

de Oleveria et al. (2000) isolated efficient bean nodulating Rhizobium strains, and 

characterized by 27 RAPD primers of opern kit. Their study showed great genetic 

heterogeneity between R. tropici and R. leguminosarum bv phaseoli. They concluded that 

genetic grouping of strains could be used to select appropriate Rhizobium strains of 

respective crops.  

Kumar et al. (2006) investigated genetic diversity of five Sinorhizobia nodulating 

Mucuna pruries using randomly amplified polymorphic DNA (RAPD) analysis. They 

recommended (RAPD) as new tools for investigating genetic polymorphism for genomic 

DNA of the bacterial isolates. They used 15 arbitrary chosen primers of OP series (A, B, 

C and E) were used. They found little polymorphism among isolates utilized. Sajjad et al. 

(2008) studied genetic diversity in rhizobial strains by using random amplified 

polymorphic DNA (RAPD) markers. They observed two distinct clusters by using two 

series of OP primers (A & C). A total of 1480 bands were amplified in the PCRs of 12 

strains, out of which 663 were polymorphic, showing 44.80% of overall polymorphism. 

Number of bands produced per genotype ranged for 93 to 147 with an average of 123 
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bands per genotype. Among the strains, maximum number of bands were 147 (70 

polymorphic), while minimum number of bands were 93 (45 polymorphic). The number 

of amplification products produced per primer varied from 4 to 9 with an average of 6 

bands per primer. Rajasundari et al. (2009) subjected nine soil isolates from different 

field locations to RAPD analysis. They observed four clusters with more than 50 per cent 

similarly. Their results indicated that RAPD proved a very discriminative and efficient 

method for differentiating and studying genetic diversity of Rhizobium strains as they 

observed 90% dissimilarity for a strain that it formed separate cluster. 

2.9. Symbiotic effectiveness 

Since last two decades considerable work on symbiotic effectiveness of rhizobia 

that nodulate wild legumes and Rhizobium japonicum have been reported. Friedericks et 

al. (1990) isolated strains of Rhizobium leguinosarum bv trifolii from two Ethiopian soils 

and were tested for symbiotic effectiveness. Numerous Rhizobium trifolii strains that 

exhibited varying levels of symbiotic effectiveness were isolated. The soil isolates were 

compared with commolercial strain and found superior in symbiotic effectiveness. 

Several Rhizobium trifolii strains were found to be effective on more than one clover 

species, and there appeared to be at least two and possibly three distinct cross-inoculation 

effectiveness groups. Velázauez et al. (1995) indicate in their results that Rhizobium 

moliloti wild-type strain SAF22 has the genetic capability to develop fully effective root 

nodules on alfafa, but this phenotype is attenuated by its cryptic plasmid pRmSAF22c, 

which interferes with the nodule development required for fully effective nitrogen fixing 

symbiosis. Baraibar et al. (1999) working Rhizobium loti come to the conclusion that 

shoot dry weight was lower for all the soils populations compared to the N or U-226 

treatment. Burdon et al. (1996) found 70% effective Acacia host-rhizobium strain 

combination.  

Thrall et al. (2000) found different type of nodule for size and colour. They 

observed that red and pink to red centered nodules were capable of forming effective 

symbiotic relationship. Khokhar et al. (2001) dealing with chickpea nodulating rhizobia 

native to Thal soils observed variability in symbiotic effectiveness for all isolates differed 

significantly in effectiveness in terms of nodule dry mass, shoot dry mass and N- content 

of shoots. Sindhu and Dadarwal (2001) also reported variability in symbiotic 

effectiveness while working on antibiotic resistant mutants relative to parent strains of 

chickpea nodulating bacteria. Some mutant strains showed Nod (+) and Fix (-) phenotype. 

Other mutants also showed decreased nodule number and reduction in nitrogenase 
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activity as well as in shoot dry weight as compared to inoculation with parental strains 

and they showed the acquisition of streptomycin resistance in Rhizobium sp. Cicer strains 

is associated with decreased symbiotic effectiveness in chickpea, suggesting that 

antibiotic resistant mutants first should be analyzed for symbiotic effectiveness before 

using these mutants for ecological studies or nodulation competitiveness.  

Siddiqui and Mahmood (2001) conducted a single three-factor experiment for 

effect of root symbionts, rhizobacteria and nematodes on the growth of chickpea. They 

find significant (P<0.05) effect of root symbionts on nodulation. Lanarjo et al. (2001) 

detected a low symbiotic efficiency (30–50%) for the native isolates and for the reference 

strain CP31 when compared with the nitrogen supplemented plants. While among Beja 

rhizobia analyzed some of the isolates were with higher symbiotic efficiency values.  

Icgen et al. (2002) also evaluate five local and seven standard strains of 

Rhizobium for symbiotic effectiveness. Strains were compared in terms of their efficiency 

in increasing the nitrogen content of the chickpea. Shoot dry weight, nodule number, 

nodule dry weight, was taken as the parameters of plant productivity. Out of twelve 

isolates, only one local and three standard strains were selected as effective in root 

nodulation.  

Maâtallah et al. (2002a) observed 5 to 62 nodule/plant and found that most of the 

tested isolates exhibited better dry matter yield than T0 control. Tamimi (2002) working 

on symbiotic effectiveness of rhizobia isolated from root nodules of common bean 

(Phaseoulus valgaris L.) reported diversity for symbiotic effectiveness. Out of ten, three 

gave highest readings for nodule number per plant, nodule mass, shoot dry matter and N2 

fixation.  

Mhadhbi et al. (2004) found different symbiotic performance of M. ciceri, M 

mediterraneum, and S. medicae, when inoculated to chickpea at unstressed conditions and 

under salt conditions. Saini et al. (2004) observed significant higher value of nodule dry 

weight in the treatments receiving Rhizobium inoculation. Satterly et al. (2004) studied 

effect of resident rhizobial commolunities for nitrogen fixing effectiveness. Fifty different 

soils were evaluated for Vicia faba, Lens calinaris, Vicia sativa, Cicer arietinum and 

Lupins angustifolus. They stated that soil pH is positively correlated with the values for 

nitrogen fixation effectiveness. They found that 33% of paddock had sufficient resident 

populations of Rhizobium leguminosarum bv Viciae for effective nodulation of faba bean, 

54% for lentil, 55% for field pea and 66% for the effective nodulation of the vetch host 

plant.  
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Thiao et al. (2005) investigated effectiveness of rhizobial strains from Gliricidia 

sepium. Their result showed that G. sepium establishes an effective symbiosis only with 

fast-growing rhizobia, although infective nodules were observed on root systems of plants 

inoculated with slow growing rhizobia. Brigido et al. (2007) reported the symbiotic 

effectiveness values between 21.4 to 59.8%. No correlation between the number of 

nodules and symbiotic effectiveness was observed. According to them moderately 

acidophilic isolate were more effective under pH 5.0 while neutrophile isolates were 

effective at pH 7.0.  

Lagurre et al. (2007) studied variability of the developmental responses of pea 

(Pisum sativum). They found contrasting effects of nodule isolates on the development of 

nodules, roots and shoots dry weights. They had identified nod gene that induced very 

large, branched nodules, smaller nodule numbers, high nodule biomass, but reduced aerial 

parts and root development. The plants associated with this genotype accumulated less N 

in shoots, but N concentration in leaves was not affected. 

2.10. Shoot total protein 

Velázquez et al. (1995) calculated total shoot nitrogen of alfalfa inoculated by 

rhizobial strain. They found significant variation for all the strains from the corresponding 

means of R. meliloti SAF22 at a level of P<0.001. They concluded that SAF22 is less 

effective than other wild type strains.  

Khokhar et al. (2001) also found significant differences for N-content of shoot. 

The total shoot nitrogen varies from (PAC-28) 1.6 to (PAC-19/3) 23.5/mg. Only one 

strain possessed high mean values for total nitrogen accumulated in shoot in comparison 

to reference strain. Rest of strains accumulates less total nitrogen. Icgen et al. (2002) 

compared five local and seven standard strains of Rhizobium ciceri in terms of their 

efficiency in increasing the nitrogen content of the chickpea. Nitrogen concentration was 

taken as one of the parameter to calculate plant productivity. The maximum increase in 

total nitrogen content was only 3.5-fold in single infection whereas an increase as great as 

35-fold was recorded for multiple infections. The double infection with Y-29 and 385 as 

well as the triple infection with Y-29, 620 and 3379 gives rise to the maximum values.  

Tamimi (2002) investigated best symbiotic performance for 10 bean strains in 

terms of plant nitrogen content. Best results were recorded for three isolates; JOV1 (S.E., 

62.3±2.5), JOV3 (S.E., 54.6±1.2) and JOV10 (S.E., 51.2±1.8). 

Satterly et al. (2004) estimated effect of inoculums on the effective nodulation of 

pluses. Like former worker they also calculate total N (%) as an important parameter in 
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Pisum sativm.  All nodulated tested grow vigorously fixing N, indicating effectiveness of 

the populations. Laguerre et al. (2007) observed no significant strain (Rhizobium 

leguminosarum) effect on shoot N concentration of (Pisum sativum). The values of 

accumulated shoot N varied according to shoot DW. The ratio between shoot N 

accumulated per unit of nodule DW varied by a factor of 20 with very low nodule 

efficiency for the BNO plants inoculated with strains LRBA7 and P1Np2K. 

2.11. Symbiotic effectiveness under salt stress  

2.11.1. Growth and symbiotic characteristics 

Hafeez et al. (1987) reported the effect of salinity and inoculation on growth, ion 

uptake and nitrogen fixation by Vigna radiata. They found 60% decline in dry matter and 

grain yield of mung bean for EC level of 7.5 dS m-1. Most of their studied strains of 

Rhizobium were salt tolerant while nodulation, nitrogen fixation and total nitrogen 

concentration of the plant and acetylene reduction activity was drastically affected at 7.5 

dS m-1. Loccoz and Weaver (1996) studied sodium chloride tolerance of clover rhizobia. 

They reported wild- type W 14-2 and all derivatives LD50 values comprised between 12.4 

and 12.9 g NaCl l-1 and were more tolerant to sodium chloride than any derivatives 

lacking plasmid b and d. While latter derivatives displayed LD50 values comprised 

between 6.6 and 7.9 g NaCl l-1, with the exception of derivatives with only plasmid d, 

which had a LD50 of 2.0 g NaCl l-1.  

Cordovilla et al. (1999) reported that the adverse effect of salinity was more on 

nodules than on vegetative parts and N2-fixation was more sensitive to salinity than plant 

growth. Raza et al. (2001) examined Bradyrhizobium sp (Lupini) strains for their ability 

to survive under different levels of NaCl (1–8% w/v). All the strains sustain 5% NaCl 

where as 8% NaCl inhibit growth. They found two tolerant groups, the first group of six 

isolates failed to tolerate more than 5% NaCl, where as, the second group of four isolates 

were able to tolerate up to 7% NaCl.  

Abdel-Wahab et al. (2002) concluded that high salts levels depressed the nodule 

number to weight to about 30% and 35%. Ashraf and Bashir (2003) reported that salt 

stress caused a marked reduction in nodule fresh mass and nodule number in both 

leguminous species, but nodules dry weight did not decrease significantly in both species 

under salt stress. Present reduction in nodule number due to salt stress was more in 

Phaseolus vulgaris than that in S. aculeata, but the reverse was true for nodule size. 

Comparison between vegetative parts and nodules shows that nodules were more 
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sensitive to salt stress than shoot and roots while, studying the effect of salinity on 

growth, nodulation and nitrogen assimilation in nodules of faba bean.  

Jenkins (2003) working with rhizobial and bradyrhizobial isolates observed that 

eight isolates showed decreased specific growth rates at NaCl concentration of 100, 300 

and 500 mmol, but nevertheless remained viable at 500 mmol NaCl concentration. Tejera 

et al. (2004) observed reduction in rate of nitrogen fixation in mutants that form normal 

size nodules with reduced nodule dry weights when subjected to salt stress. Shamseldin 

and Werner (2005) observed no significant difference between the nodule numbers 

formed by the salt-sensitive strain EBRI 2 without salt and under stress of salt (0.2% 

NaCl). Bouhmouch et al. (2005) described that either salt affect nodule differentiation or 

result in white coloured nodules or completely inhibit nodule formation. They further 

reported that low nodule number and reduced nodule size are probable reason behind 

decline in nodule dry weight. 

Shamseldin and Werner (2005) found a high degree of diversity. They recoded 

two strains that were highly tolerant to salt concentration up to 4% NaCl. A positive 

correlation between the salt tolerance and the adaptation to alkaline pH was determined. 

Nitrogen fixation was much more affected by high salt concentration (0.4% NaCl). Hung 

et al. (2005) reported 28 salt tolerant rhizobial strains for 4.5% NaCl out of 83 strains of 

native shrubby legumes in Taiwan. Bolanos et al. (2006) reported that plants treated with 

salt developed about half number of nodules than plants growing in the absence of NaCl. 

Nodule weight also diminished in salt-stressed nodules and most of them appeared pale in 

the contrast with the control (without salt) pink nodules.  

Kücük et al. (2006) studied 30 nodule isolates from Phaseolus vulgaris (L.) and 

find most of the isolates tolerant to high salt concentrations (5% NaCl). Bacem et al. 

(2007) isolated salt tolerant rhizobia from Tunisian oasis that are highly effective for 

symbiotic N2-fixation with Phaseolus vulgaris. Lopez et al. (2007) observed marked 

reduction in plant biomass and nitrogen fixation parameters of Lotus japonicus and 

Medicago truncatula under NaCl stress. They reported at harvest time (lowering stage), a 

decrease of approximately 40% in plant dry weight (PDW) and root dry weight (RDW) 

with 25 mmol NaCl. However, no significant differences were observed for PDW and 

RDW in L. japonicus between 25 and 50 mmol between 25 and 50 mmol treatments. M. 

truncatula nodule dry weight (NDW) was unaffected by salt stress, while L. japonicus 

NDW showed 40% decrease under salinity (Bouhmouch et al., 2005). 
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2.11.2. Total shoot nitrogen 

Abdel-Wahab and Zahran (1981) working with Vicia faba (L.), Medicago sativa 

(L.) Merrill, Glycine max and Vigna sinensis (L.) observed that salt stress retarded growth 

of both inoculated and N-fertilized plants. The nitrogen content of both treatments was 

also affected by salinity and the effect was more severe for inoculated than N-fertilized 

plant. Pessarakli and Zhou (1990) reported marked decrease in total shoot nitrogen 

content with NaCl stress in green beans. 

2.11.3. Nitrogenase activity 

One of the most accurate methods for estimating biological nitrogen fixation is the 

acetylene reduction assay. Former studies proved that acetylene is reduced to ethylene by 

nitrogen-fixing systems and that acetylene reduction by nitrogenase has the same 

requirements for reductant and ATP as does the reduction of nitrogen to ammonia. After 

that acetylene reduction method is widely used as a sensitive assay for calculating 

nitrogen fixation activity of nitrogenase (John and Streeter, 1977).  

It has also been shown that NaCl stress inhibited nitrogenase activity and nodule 

respiration (Serrej et al., 1994). Reduction in absolute nitrogenase activity, leghaemglobin 

content of nodules was found by Abdel-Wahab et al. (2002). Jebara et al. (2005) also 

reported increasing inhibition of nitrogenase activity with increasing age of plant under 

salt stress. Shamseldin et al. (2006) reported strongly depressed nitrogenase activity for 

salt sensitive as well as salt resistant bacterial strain. Shamseldin and Werner (2005) 

determined that nitrogenase activity was strongly depressed at 0.4% NaCl with salt-

sensitive EBRI 2 as well as with the salt-resistant EBRI 26(3.9 and 3.8 nM C2H4 h
-1 mg-1, 

nodules). Tejera et al. (2005) investigated total nitrogenase activity. They found diversity 

for symbioses tested. Nodules formed by ILC1919 registered the highest specific 

nitrogenase activity, and nodules of Lechoso the lowest value, 44 and 18 mol C2H4 (g 

NDW) -1h-1.  

Bolanos et al. (2006) concluded that acetylene reduction activity, as a 

measurement of nitrogenase activity, was never detected in pea nodules developing in 

plants treated with 75 mmol NaCl. Tejera et al. (2006) in Lotus, Medicago truncatula 

found that nitrogenase activity (ARA) was more sensitive than plant growth and at least 

200 mmol salt concentration is required to study decrease caused by salt.  

2.11.4. Leaf chlorophyll content 

El-Hafid et al. (1998) observed a positive association between growth and 

photosynthetic capacity and a high salt tolerance has also been found in a number of crop 
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species. Soussi et al. (1998) investigated affect of salt stress on growth, photosynthesis 

and nitrogen fixation in chickpea reported marked inhibition of chlorophyll accumulation. 

Yamane et al. (2004) working with salinity-induced chloroplast damages in rice leaves 

(Oryza sativa L.) reported drastic decrease in chlorophyll content and swelling as well as 

destruction of thylakoid membranes in leaves when subjected to 200 mmol NaCl. 

Abdelkader et al. (2007) reported inhibition of chlorophyll accumulation in wheat under 

salt stress. Shahid et al. (2008) also reported significant decrease in chlorophyll 

concentration with increasing NaCl in pea (Pisum sativum cv. Meteor). Beinsan et al. 

(2009) dealing with the physiology of tolerance to osmotic stress of some local landraces 

of Phaseolus vulgaris L. reported that  in plants that grown under saline conditions, 

photosynthetic activity decreases leading to reduced plant growth, leaf area and 

chlorophyll content. The increase of NaCl concentrations produced a decrease of 

chlorophyll a and b concentrations. Taffouo et al. (2009) reported significant decrease in 

total chlorophyll (P<0.05) by addition of NaCl in the soil in cowpea.  

2.11.5. Total soluble protein 

Mothes (1956) suggested that decrease in soluble protein is due to protein break 

down under stress conditions. Stewart and Lee (1979) investigated rate of proline 

accumulation in halophytes suggested that decrease in soluble protein may be due to an 

alteration in the incorporation of amino acids into proteins. Bourgeais-Chaillou et al. 

(1992) reported that decrease in soluble protein content of the nodules is a common 

response to salt stress.  

2.11.6. Antioxidant enzyme 

Puppo and Rigaud (1986) concluded that SOD protects cellular components of 

nitrogen fixation and SOD activity is directly proportional to superoxide anion production 

by the metabolism of nitrogen-fixing microorganisms. Dalton et al. (1996) observed that 

during early period of nodule development, ascorbate peroxidase, dehydroascorbate 

reductase activities and total glutathione contents of nodule extracts increased strikingly 

and were positively correlated with acetylene reduction rates and nodule leghemogloubin 

contents. According to these results ascorbate peroxidase, dehydroascorbate reductase 

activities, glutathione, dehydroascorbate reductase and glutathione reductase play an 

important role in defense mechanism in soybean root nodules.  

According to Comba et al. (1998), low salt concentrations increases antioxidant 

enzyme concentrations but does not affect parameters related to nitrogen fixation. They 

observed 50% decline in nitrogenase activity, 30% and 100% in ascorbate peroxidase 
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(APX), catalase and glutathione reductase activities and increased superoxide dismutase 

and reduced glutathione over the controls.  

Several researchers (Lee et al., 2000; Rubio et al., 2002) reported increase in SOD 

activity in plant tissues under salt stress. This enzyme converts superoxide radical to 

hydrogen peroxide (H2O2) and molecular oxygen (O2). Mahdhbi et al. (2004) worked out 

antioxidant enzyme activity in chickpea rhizobacteria. Their studies showed no affect of 

salt stress on the nodular (SOD) activity of the symbiosis implicating the latter strain. 

They reported least decrease for the (CAT) and the highest increase of (POD) activity. 

They related this with the tolerance to salt. Tejera et al. (2004) observed that over all, 

mutant nodules lower antioxidant enzyme activities that the wild type nodules. They 

found that the levels of nodule catalase correlate with symbiotic nitrogen fixation 

efficiency. Superoxide dismutase and dehydroascarbate reductase seem to function in the 

molecular mechanisms underlying the tolerance of nodules salinity.  

Jebara et al. (2005) recorded changes in antioxidant enzyme activities in common 

bean and analyzed superoxide dismutase catalase, ascorbate peroxidase and peroxidase in 

nodule, roots and a free rhizobial strain. The result indicated that SOD and CAT nodular 

isozymes had bacterial and root origins. The SOD was expressed the same Cu, Zn, Fe and 

MnSOD isoforms in nodules and root profiles. They concluded that plant growth; 

nitrogen fixation and antioxidant (defense) enzymes in nodules were affected by salt 

stress. According to them NaCl stress led to a differential regulation of SOD and POD 

isozymes. Loscos et al. (2008) found that ascorbate and glutathione are major 

antioxidants and redox buffers in plant cells that promote growth in stress conditions. 

2.12. SDS-PAGE of proteins under salt stress 

Protein content of bacteroids and cytosol were moderately affected by mild levels 

of NaCl and drought but significantly reduced to about 25–35% of the control treatments 

(Abdel-Wahab et al., 2002a). Shamseldin et al. (2006) studied that six proteins are highly 

expressed after induction by 4% NaCl compared to the non-salt-stressed cells with masses 

of approximately 22, 25, 40, 65, 70, and 95 kDa. Soluble proteins from salt-induced on 

non-salt-induced cultures from R. etli strain EBRI 26, separately were compared by 2D 

gel. Result revealed that 49 proteins are differently expressed after the addition of 

sodium. Fourteen proteins are over-expressed and 35 were downgraded. 
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Materials and Methods 

This study was conducted at the Department of Biochemistry, Quaid-i-Azam 

University Islamabad, Pakistan. Biological nitrogen fixation can offer low cost bio-

fertilizer to the leguminous plant species. Various experimental techniques utilized during 

this study are as under:  

3. 1. Isolation of Rhizobia 

3.1.1. Soil sampling  

Strains used in present study were isolated from root nodules of chickpea (Cicer 

arietinum L.) and green pea (Pisum sativum L.) grown in pots, using soils collected from 

27 different localities of Pakistan (Table 3.1). Bulk samples of soil were collected from 

8–22 cm depth. After removing the stones, soils were ground and sieved to store in plastic 

jars.  

3.1.2. Soil analysis 

Soil obtained from various areas of Pakistan was analyzed for different physico-

chemical characteristics and micronutrients. 

3.1.2.1. Electric conductivity (EC) and pH measurement 

Soil samples were air dried, ground, and sieved through 2 mm sieve. Electrical 

conductivity (EC) and pH of the soil were determined in soil: water (1:10) suspension by 

conductivity and pH meter (Black, 1965). 

3.1.2.2. Soil texture 

The soil texture was determined by the hydrometer method (Bouyoucos, 1962). 

3.1.2.3. Soil organic matter 

The soil organic matter was oxidized with a mixture of potassium chromate and 

concentrated H2SO4 as described by Jackson (1958) and Khan and Rafique (1980).  

3.1.2.4. Saturation percentage 

The saturation percentage was determined by making saturated past according to 

Richard (1954). 

 3.1.2.5. Soil macro and micronutrient analysis 

Soil nutrients were analyzed using EPA method No.3051 (1994) through atomic 

absorption spectrophotometer (Varian, Model # AA240FS); air and acetylene were the 

carrier gasses. Concentration of 11 soil nutrients (Ca, Mn, Mg, Cd, Zn, K, Na, Ni, Cr, Co, 

Cu) was determined against standards and concentration is expressed in (ppm) of soil 

sample. 
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3.1.2.6. Isolation of check strain 

Commercial strain of rhizobia for both chickpea and green pea was isolated from 

biofertilizer (Bio-power; supplied as a mixture of rhizobium for all the legumes; 

manufactured by National Institute of Molecular Biology and Genetics (NIBGE), 

Faisalabad) through root nodules. 

3.1.2.7. Seed sampling 

Seed samples of chickpea (NCS 0530) and green pea (Meteor) were obtained from 

National Agriculture Research Centre, Islamabad (NARC) for isolation of soil rhizobia. 

3.1.2.8. Isolation of Rhizobia from soil 

Seeds of chickpea (Cicer arietinum L.) and green pea (Pisum sativum L.) were 

surface sterilized with 70% alcohol for 2–3 minutes. Six seeds per pot (20 × 30 cm) of 

Cicer arietinum L. and Pisum sativum L. were sown in the soil collected from various 

localities of Pakistan. In case of commercial strain seeds were moisten first with distilled 

water and bio-power was sprinkled over them with a pinch of sugar. The seeds were then 

carefully transferred to pots containing sterile soil. 

The experiment was carried out in green house and plants were watered whenever 

needed. While plants inoculated with commercial strain (Bio-power) were given nitrogen 

free nutrient media once a week. 

Plants were harvested after 6 weeks of emergence and roots were washed with 

low current of tape water. For various soil samples four to six healthy nodules were 

excised from the plants and initially washed with distill water and later surface sterilized 

with 95% ethanol and then 5.25% sodium hypochlorite (Weaver and Graham, 1994). 

Nodules were then shifted in sterile jars in laminar air flow hood.  

Nodules were crushed in sterilized water with glass rod until milky and 

suspension streaked on yeast extract mannitol agar (YMA) containing .0025% (w/v) 

congo red plates with sterilized wire loop (Vincent, 1970). The rhizobia that absorb little 

or no Congo red in the dark were finally subjected to successive streaking to obtain pure 

culture.  

Plates were incubated at 28°C; gummy, slimy whitish colonies were selected for 

sub cultures after two days of growth. Fresh cultures were used for staining (Gram’s 

staining) for confirmation as gram-negative rods. All the cultures were stored at –70°C in 

50% glycerol solution and YEM broth in 1:1 ratio. 
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Table 3.1. Various localities of Pakistan used for sample collection 

Sr. No. City/Town Source District Province 

1 Bero Chandio Un cultivated land near rice fields Larkana Sindh 

2 Larkana Garden of house Larkana  ″ 

3 Qamber Un cultivated land near road Qamber  ″ 

4 Dadu Kacha Barren land Dadu  ″ 

5 Darbellow Un cultivated land out side the city Noshero feroze  ″ 

6 Sun Un cultivated land out side the city Dadu  ″ 

7 Kalari River bank Dadu  ″ 

8 Mithyani Un cultivated land near road   Noshero feroze  ″ 

9 Old Jatoi Near fields of Lathyrus sativum Noshero Feroze  ″ 

10 Jamshoro Garden of Marvi girls hostel Jamshoro  ″ 

11 Gujrat Wheat fields Gujrat  Punjab 

12 Jalalpur Jattan  Wheat fields Gujrat  ″ 

13 Faisalabad Un cultivated land near NIBG Faisalabad  ″ 

14 Mandi Bahauddin Un cultivated land near wheat feilds Mandi Bahauddin  ″ 

15 Attock Road side Attock  ″ 

16 NARC Chickpea fields Islamabad Capital 

17 Shangerdad River bank  Mingora NWFP 

18 Malam Jabba Hill Swat  ″ 

19 Kohat Uncultivated land Kohat  ″ 

20 Akora Khattak Road side Noshera  ″ 

21 Kalam  Near hotel Kalam  ″ 

22 Jheel Saifullah River bank Kalam  ″ 

23 Jheel Condol River bank Kalam  ″ 

24 Dudyal Near corn felids Mirpur AJK 

25 Muzaffarabad Hilly uncultivated area Muzaffarabad  ″ 

     26 Khuzdar Un cultivated land near Khuzdar 
university of engineering and 
technology 

Khuzdar Balochistan 

    27 Quetta Uncultivated land out side the city Quetta  ″ 

    28 Faisalabad   -                                                           
- 

Bio-power (product of NIBGE)  

 
Table 3.2. Nitrogen free nutrient media for plants and Yeast Extract Mannitol Agar media 
for Rhizobia 

Nitrogen free nutrient media Yeast Extract Mannitol Agar media 

Sr. No. Composition Quantity Sr. No. Composition Quantity 

1 CaSO4.2H2O 12.5 g 1 Mannitol 10.0 g 

2 MgSO4.7 H2O 0.02 g 2 K2HPO4 0.05 

3 KH2PO4 0.2 g 3 MgSO4 0.2g 

4 KCl2 0.3 g 4 NaCl 0.1g 

5 H3PO4 2.8 mg 5 CaCO3 3.0g 

6 MnSO4 1.54 mg 6 Yeast Extract 1g 

7 ZnSO4 0.2 mg 7 Agar 15.0g 

8 CuSO4 0.08 mg 8 dH2O 1000 ml 

9 H2MoO3 0.09 mg  pH 6.9-7.0  

10 FeCl3 16.8 mg    

11 EDTA 2 mg    

12  Distil water 1 Liter    

 pH 6.7     
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3.1.2.9. Nodulation test 

Soil isolates were confirmed as rhizobia by inoculating 5 day old seedling of 

respective host (Chickpea isolates were tested on chickpea and green pea soil isolates on 

green pea) grown in sterile mixture of sand and soil (1:1). Plants inoculated with the 

commercial isolate were used as positive controls and uninoculated plants were used as 

negative controls. Nodulating capabilities of the isolates were assessed by visual 

inspection of the root system of inoculated plants as described by Burdon et al. (1996). 

Isolates that failed to produce at least one nodule were considered non- rhizobial and 

discarded. After 50 days nodules were harvested and surface sterilized by 95% ethanol for 

2–3 min and then 5.25% sodium hypochlorite followed by 5 washes in sterile water. The 

crushed nodules were also streaked on to YEM agar plates; from which single colony was 

selected, cultured on slants.  

3.2. Phenotypic characterization of rhizobial isolates 

Characterization of isolates is carried out in order to assign them in different 

groups and it is very important for their utilization as bio-fertilizer for various types of 

soil. 

3.2.1. Bacterial growth indices 

Bacterial growth was examined on (YEM) liquid medium incubated in shaker at 

200- rev min-1, by measuring the optical density at 600 nm after every 2 h. The generation 

time was calculated from the logarithmic phase of growth (Maâtallaha et al., 2002a).  

3.2.2. Physiological characteristics 

All the physiological tests were carried out in triplicate on YEM broth. Each assay 

was conducted with 30 μl culture (OD=0.1)/10 ml of broth culture. Inoculated broths 

were incubated at 28°C incase of pH and NaCl tolerance. Optical densities were measured 

after 48 h of incubation at 600 nm with SmartSpecTM Plus Spectrophotometer (Catalog # 

170-2525). Strains were considered tolerant when they showed growth equivalent to 

control broths. 

Tolerance to extreme pH was tested at pH 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9 and 

9.5, using HCl (1N) for pH below 5 and NaOH (1N) for pH above 5. Control broth 

cultures were incubated at 28°C.  

Differences in sodium chloride tolerance were determined for 0%, 0.1%, 0.3%. 

0.5%, 0.8%, 1%, 1.5%, 2%, 3.5%, (w/v) NaCl concentrations. 

Screening for temperature tolerance was carried out by incubating broth cultures 

at 5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, and 55°C. Two-
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dimensional binary matrix (1 for growth; 0 no growth) was used for cluster analysis and 

correlation matrix of the isolates. 

3.2.3. Intrinsic resistance to antibiotics and heavy metals 

Intrinsic resistance and minimum inhibitory concentration for 6 different 

antibiotics was tested on (YEM) solid medium by agar well diffusion method with some 

modifications (Vaca-Riuz et al., 2009).  

Filters sterilized (0.2 µm) stock antibiotic solutions were prepared in 10 ml of 

distil water; transferred aseptically to sterile bottles and stored at 4°C. Fresh stock 

solutions were prepared before each test. 

1 ml cultures were added to per 100 ml of (YEM) solid medium was cooled at 28 

and poured in petri plated. Wells were made with sterile cork borer. Three to four drops 

of media were poured to form base. 100µl of each concentration was loaded in each well. 

Cultures were incubated at 28°C for 48 h in 2 replicates. The plates were incubated at 

28ºC during 72 h and plates containing basal medium (YEM) were used as controls.  

Strains were considered resistant when growth occurred and sensitive when zone 

of inhibition was formed. The data were converted to a two-dimensional binary matrix (1 

for normal growth response; 0 for little or no growth response) for Euclidian distances, 

cluster analysis and correlation coefficient of the intrinsic antibiotic resistant profile of the 

isolates. 

Heavy metal tolerance was scored on YEM solid medium containing following 

filter sterilized heavy metals (μg/ml). Strains were considered resistant when growth 

occurred and sensitive when zone of inhibition was formed.  

Two-dimensional binary matrix (1 for normal growth response; 0 for little or no 

growth response) was used for Euclidian distances, cluster analysis and correlation 

coefficient of the heavy metal resistant profile of the isolates. 

3.2.4. Characterization for carbon utilization patterns 

API NE 20 kit was used to test the ability of the microorganisms to utilize or oxidize 

carbon sources (Kücük and Kivanc 2008). Test was performed using manufacturer’s 

protocol. Cultures of the 19 field isolates and the commercial strains were grown during 

24 h in (YEM) liquid medium and uniform suspensions were prepared by suspending the 

cells in medium provided in kit. Suspensions for each isolate were standardized to 0.5% 

McFarland solution. Then 150 µl of suspension was inoculated into each well of the strip. 

The strips were incubated at 28°C for 48 h under static conditions.  
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Table 3.3. Antibiotics with their respective doses applied 

Antibiotic  Concentration(μg/ml) 

Streptomycin  (10, 30, 50) 

Penicillin G  (10, 1000, 5000, 8000) 

Erythromycin  (1000, 5000, 8000) 

Chloramphenicol ( 10, 30, 50) 

Kanamycin sulfate (10, 50, 70) 

Amphicillin  (30, 50, 70, 1000,,5000,,8000) 

 

 
 
 
Table 3.4. Heavy metals with their respective doses applied 

Code Heavy metal Concentration (μg/ml) 
A Silver chloride (AgCl3) 250 
B Led acetate Pb (CH3COO)2 250 
C Manganese chloride (MnCl2) 500 
D Copper chloride (CuCl2) 25 
E Cobalt chloride (CoCl2) 20 
F Mercury chloride (HgCl2) 10 
G Nickel sulphate (NiSO4) 100 
H Zinc sulphate (ZnSO4) 50 
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The data were converted to a two-dimensional binary matrix (1 for growth; 0 for 

no growth) for statistical analysis of the carbon utilization pattern of the isolates. 

3.3. Molecular characterization of isolates 

3.3.1. Plasmid profile 

Number of plasmid and their molecular weight vary among different isolates of 

rhizobia and mostly used to characterize strains. 

3.3.2. Plasmid DNA extraction 

Plasmid DNA was extracted using Innu PREP Plasmid mini kit (Analytik gena), 

catalog # 845-KS-504005. Extraction procedure was performed according to 

manufacturer’s protocol. λ DNA was used as a molecular weight marker. Electrophoresis 

was carried out in 1X Tris borate buffer, using 1% agarose gel at 100V. Ethidium 

bromide stained gels were photographed under UV light with Ingenius syngene bio-

imaging system (Japan). 

3.3.3. Genomic DNA extraction 

Genomic DNA was extracted using Innu PREP Bacteria DNA kit (Analytik gena) 

catalog # 845-KS-6000050. After isolation of DNA from rhizobial cultures, DNA 

concentration and purity of DNA obtained was determined. Extracted DNA was used as 

template for RAPD DNA fingerprinting. 

3.3.4. RAPD analysis studies 

A modified RAPD method based on de Oliveira et al. (2000) was used with a 

model 9700 thermal cycler (Applied Biosystems, USA). After standardization of PCR, 25 

µl reaction mixture containing 1x PCR buffer [10 mmol Tris HCl (pH 8.3), 50 mmol 

KCl], 1.5 mmol MgCl2, 200 µM each deoxynucleotide triphosphate (dNTP), 2.5 nm of 

10-mer primer (e-oligo, Gene Link, 140 Old Mill River Road, Hawthrone, NY 10532), 1 

unit AmpliTaq Gold DNA polymerase (Applied Biosystems, Japan) and approximately 

20 ng of template DNA was found optimum for the amplification of bacterial genomic 

DNA. DNA amplification was performed in a DNA thermal cycler (Perkin Elmer Cetus, 

Norwalk, USA). The thermal cycler was programmed to 1 cycle of 5 min at 94°C for 

initial strand separation. This was followed by 45 cycles of 1 minute at 94°C for 

denaturation, 1 min at 36°C for annealing and 2 min at 72°C for primer extension. 

Finally, 1 cycle of 7 min at 72°C was used for final extension, followed by soaking at 

4°C.  
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3.3.5. Primer selection 

19 chickpea and 11 green pea strains were used to optimize PCR protocol and 

select suitable primers for the RAPD analysis that exhibit polymorphisms between the 

soil isolates. After an initial screening for 34 primers (Table 3.5), two primers (B8, B10) 

for chickpea and three primers (A5, E4, F8) for green pea nodulating rhizobia were 

ultimately chosen (generated at least one band for all samples) to examine the genetic 

diversity and relationship on the basis of reliable and easily score able banding patterns. 

3.3.6. Electrophoresis of amplified products 

After amplification, 3 µl of gel loading dye (0.02% Bromophenol blue, 0.02% 

xylene cyanol FF, 50% glycerol and 1% SDS) 10 µl of amplification products were then 

loaded in 1.5% agarose gels for electrophoresis in 1 x TBE (10 mmol Tris-Borate, 1mmol 

EDTA) buffer and run at 100V for 40 min to separate the amplified products. Pertained 

100 base pair ladder and λ DNA were used as molecular weight markers. After 

electrophoresis, the gels were stained with ethidium bromide for 40 min and 

photographed under UV light. 

3.3.7. Data analysis 

Photographs from ethidium bromide stained agarose gels were used to score the data for 

RAPD analysis. Only major bands were scored and faint bands were not considered. The 

molecular size of the amplification products was calculated from 1kb molecular weight 

marker. Each DNA fragment amplified by a given primer was treated as a unit character 

and the RAPD fragments were scored as present (1) or absent (0) for each of the primer- 

strain combinations. The presence and absence of the bands was scored in a binary data 

matrix. Pair-wise comparisons of the cultivars based on the presence or absence of unique 

and shared amplification products were used to generate similarity coefficients.  

The resulting similarity coefficients were used to evaluate the relationships among 

rhizobia with a cluster analysis using an un-weighted pair-group method with arithmetic 

averages (Satistica 6.0) and then plotted in the form of a dandogram. 

3.4. Symbiotic characteristics  

In order to study infectivity and effectiveness of soil isolates in fixing atmospheric 

nitrogen rhizobia recovered from chickpea and green pea were studied for symbiotic 

characters in pot conditions.  
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Table 3.5. Oligonuleotide primers used in present study 

Sr. No. Oligo Name Sequence (5’-3’) Sr. No. Oligo Name Sequence (5’-3’) 
1 GL-A-01 AGGCCCTTC 18 GL-D-07 TTGGCACGGG 
2 GL-A-02 TGCCGAGCTG 19 GL-E-01 CCCAAGGTCC 
3 GL-A-05 AGGGGYCTTG 20 GL-E-04 GTGACATGCC 
4 GL-A-06 GGTCCCTGAC 21 GL-E-12 TTATCGCCCC 
5 GL-A-08 GTGACGTAGG 22 GL-F-03 CCTGATCACC 
6 GL-A-10 GTGATCGCAG 23 GL-F-04 GGTGATCAGG 
7 GL-B-05 TGCGCCCTTC 24 GL-F-05 CCGAATTCCC 
8 GL-B-06 TGCTCTGCCC 25 GL-F-10 GGAAGCTTGG 
9 GL-B-08 GTCCACACGG 26 GL-J-03 TCTCCGCTTG 
10 GL-B-10 CTGCTGGGAC 27 GL-J-06 TCGTTCCGCA 
11 GL-C-01 TTCGAGCCAG 28 GL-K-01 CATTCGAGCC 
12 GL-C-03 GGGGGTCTTT 29 GL-K-03 CCAGCTTAGG 
13 GL-C-04 CCGCATCTAC 30 GL-K-05 TCTGTCGAGG 
14 GL-C-05 GATGACCGCC 31 GL-K-10 GTGCAACGTG 
15 GL-C-06 GAACGGACTC 32 GL-K-16 GAGCGTCGAA
16 GL-C-08 TGGACCGGTG 33 GL-K-18 CCTAGTCGAG 
17 GL-D-03 GTCGCCGTCA 34 GL-K-20 GTGTCGCGAG 
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3.4.1. Experimental design 

Experiment was conducted in randomized complete block design in three 

replicates. 

3.4.2. Cultural conditions  

Seeds of each host legume were surface sterilized by 95% ethanol for 2-3 minutes 

and then 5.25% sodium hypochlorite, followed by 5 rinses in sterile water. The seedlings 

were inoculated with cultures (pre grown in liquid medium to 10��9 cells/ml) suspended 

in sterile water (50 ml) after one week of emergence. Inoculated pots supplied with 

nitrogen free nutrient medium once a week and distilled water when ever needed. Two 

controls were used in present study (T0 control and TN control). TN control was given 

nitrogen in the form of 1 ml 0.05% (w/v) KNO3 (Satterly et al., 2004) and nitrogen free 

medium once a week and distilled water when ever needed. While T0 (Con.) were 

supplied only with nitrogen free medium once a week and distilled water. Plants were 

grown in glass house with a 12/12 h night and dark cycle and 28/ 20°C day /night 

temperatures. 

3.4.3. Symbiotic parameters studied 

Primarily all the isolates were studied (as a mean of five plants / replication) for 

following nodulation and growth characters: 

3.4.3.1. Nodule number/plant  

Nodule number/plant was simply counted manually. 

3.4.3.2. Nodule size/plant (mm) 

Nodule size/plant was measured as diameter with verniercalliper.  

3.4.3.3. Nodule dry weight/plant (mg) 

Nodule dry weight was measured by electric balance. 

3.4.3.4. Root dry weight/plant (mg) 

Root system without nodules was weighed with electric balance. 

3.4.3.5. Shoot dry weight/plant (mg) 

Plant shoots were weighed with electric balance. 

3.4.3. 6. Shoot length/plant (cm) 

Meter rod was used to measured shoot length. 

3.4.3.7. Root length / plant (cm) 

Meter rod was used to measured root length. 
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3.4.3.8. Total shoot nitrogen (%) 

Total nitrogen content of shoots was estimated by Micro Kjeldal’s method 

(AOAC, 1990). Digestion of the finely ground shoot samples was carried out in digestion 

system for three hours, by taking 1 g of sample and 2 g of digestion mixture (CuSO4. 

5H2O: K2SO4 = 7:93) and 30 ml of concentrated H2SO4. The nitrogen of protein and other 

compounds was transformed in to ammonium sulphate by sulphuric acid digestion and 

solution in the flask clears and all organic matters were oxidized. Then the volume of 

digested samples was made to 100 ml and the volume of digest and 10 ml o 40 % NaOH 

was added to the Kjeldhal apparatus for distillation. The distillate was collected in 10 ml 

of (0.1N) H2SO4 containing indicator i.e., methyl red (25% in 95% ethanol) and titrated 

against standardized H2SO4 (0.1N) to quantify ammonia evolved. The crude, protein 

percentage was calculated according to following formula: 

Total Nitrogen =    (V1-V2) N x 14 x 1 x f x100 

       Weight of sample 

V1 = sample titer (in ml) 

V2 = blank titer (in ml) 

14 =  atomic weight of nitrogen 

f = standard Kjeldal factor (6.25) 

N = normality of standardized H2SO4 cm-1. 

3.4.3.9. Statistical analysis 

The replicated data (n=3) was subjected to one way analysis of variance (ANOVA) using 

computer Programme SPSS 13.0. Level of significance among symbiotic traits was 

determined by t- test at alpha 0.05% and 0.01 with 95% and 99% confidence level 

respectively. 

3.4.3.10. Relative effectiveness (RE)  

Relative effectiveness (RE) was determined by following equation and expressed 

in percent as described by Maâtallah et al. (2002a).  

Relative effectiveness (RE) = (DWi / DWTN) × 100 

 DWi = Dry weight of inoculated plant 

 DWTN = dry weight of control plant (uninoculated but fertilized with KNO3) 
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3.5. Nodulation and growth of chickpea (Cicer arietinum L.) and green pea (Pisum 

sativum L.) under NaCl stress  

The symbionts of chickpea as well as green pea were further evaluated for 

symbiotic performance under salt stress, with application of 0 mmol NaCl and 300 mmol 

NaCl concentrations. Percent decrease was calculated in comparison to respective 0 mmol 

treatments for isolate. 

Isolates were studied for  nodule number/plant , nodule size (mm)/plant, nodule 

dry weight (mg)/plant, root dry weight (mg)/plant, shoot dry weight (mg)/plant, shoot 

length (cm)/plant, root length (cm)/plant, total shoot protein (%), relative effectiveness, 

soluble protein, SDS-PAGE (for best four symbionts of each crop) and nodular 

antioxidant enzymes were studied. Similar procedure was adapted in salt stress studies as 

described for symbiotic characterization under normal condition. Two additional 

parameters were considered for salt stress studies i.e. nitrogenase activity (µM ethylene 

fixed per h/plant) and chlorophyll content. 

3.5.1. Total shoot nitrogen  

Total nitrogen content of shoots was estimated by Micro Kjeldal’s method 

(AOAC, 1990) as described above. 

3.5.2. Nitrogenase activity (EC 1.7.99.2) 

As measure of nitrogen fixation efficiency, nitrogenase activity of selected 

chickpea and green pea isolates was under taken.   

Nitrogenase activity was measured by the acetylene reduction assay (ARA) 

(Hardy et al., 1968). The nodulated root sample (1 root plus nodules) was immediately 

incubated at room temperature in two neck 250 ml flask sealed with rubber septa. 25 ml 

of air was removed with syringe and same amount of acetylene was added and incubated 

for 24 h at 28oC. 1 ml gas was withdrawn and analyzed for ethylene in a gas 

chromatograph model no. 6890N Agilent Technologies (USA) fitted with a DB-5SM 

column and a flame ionization detector. The injector, column, and detector temperatures 

were 250, 120, and °C, respectively. Helium was used, as the carrier gas at a flow rate of 

1.5 ml/min. Mass spectrophotometry of GC peak was performed with Mass 

spectrophotometer model no. 5973 inert mass selective detector. Nitrogenase activity was 

expressed in μM/plant/h. 

3.5.3. Chlorophyll content 

Chlorophyll content of leaves is one of the major sign of a successful 

photosynthesis and dry matter accumulation. Keeping its significance in mind chlorophyll 
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concentration (mg g-1 FW) was determined according to the method of Ben Salah et al. 

(2009).  

Disk of fresh leaf samples (100 mg) were incubated in 4 ml 80% acetone at 4°C 

for 72 h in dark. Samples were centrifuged for 15 min at 16,000 × g. Absorbance of 

extracts was measured at 649 nm for chlorophyll b and 665 nm for chlorophyll a against 

tube containing 80% acetone for the zero. A ratio of OD/36 corresponds to mg 

chlorophyll ml-1. 

3.5.4. Soluble protein profile 

Total protein of nodules was determined by the method of Lowery et al. (1951) by  

 

 
 

Fig. 3.1 Air tight acetylene reduction assembly used for nitrogenase assay 
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using bovine serum albumin (BSA) as standard at 650 nm. Quantity of protein in various 

samples was determined and was expressed as mg/g of nodule. 

3.5.5. Nodular Antioxidant enzymes 

In order to score antioxidant enzyme in nodules (20 mg) were weighted and were 

ground in 100 μl of 50 mmol cold phosphate buffer (pH 7.4) and centrifuged at 15,000 

rpm for 20 min at 4ºC. The supernatant was used for the determination of activities of 

enzymes. The absorbance of solution was recorded after every 30 sec with SmartSpecTM 

Plus Spectrophotometer (catalog # 170-2525). 

3.5.5.1. Catalase activity (CAT) (EC No.1.11.1.6) 

Activities of catalase were measured using the method of Chance and Maehly 

(1955) with some modification. The CAT reaction solution 3 ml contained: phosphate 

buffer (pH 7.0 50 mmol), H2O2 (5.9 mmol). The reaction was initiated by adding the 

enzyme extract (0.1 ml). Changes in absorbance of the reaction solution at 240 nm were 

recorded. One unit CAT activity was defined as an absorbance change of 0.01/ min-1. 

3.5.5.2. Ascorbate peroxidase activity (APX) (EC No. 1.11.1.11) 

The activity of ascorbate peroxidase was determined by using the method 

described by Nakano and Asada (1981). The reaction mixture 3 ml contained: phosphate 

buffer (pH 7.0 50 mmol), EDTA (0.1 mmol), ascorbate (0.5 mmol), H2O2 (0.1 mmol) and 

enzyme extract (0.1 ml). The hydrogen peroxide dependent oxidation of ascorbate was 

recorded at 290 nm. APX activity was expressed as µmol ascorbate oxidized min-1mg-1 

protein by the following formula: 

Units/ml enzyme = (A290 Blank)–( A290 Test)(2.9)(df) 

    (10)(3)(.01) 

df = Dilution factor 

Units/mg protein =  Units/ml enzyme 

          mg protein/ml enzyme  

3.5.5.3. Peroxidase activity (POD) (EC No.1.11.1.7) 

The activity of POD was recorded by the guaiacol oxidation method of Chance 

and Maehly (1955). The POD reaction solution of 3 ml contained: phosphate buffer (pH 

5.0; 50 mmol), guaiacol (20 mmol), H2O2 (40 mmol) and enzyme extract (0.1 ml). 
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Changes in absorbance of the reaction solution at 470 nm were recorded. One unit POD 

activity was defined as an absorbance change of 0.01/ min-1. 

3.5.5.4. Superoxide dismutase (SOD) (EC No.1.15.1.1) 

The activity of superoxide dismutase was assayed by the method of Stewart and 

Bewley (1980) to measure its ability to inhibit the photochemical reduction of nitroblue 

tetrazolium (NBT). The reaction solution of 3 ml consisted: NBT (50 μM), riboflavin (1.3 

μM), methionine (13 mmol), EDTA (75 mmol), phosphate buffer (pH 7.8, 50 mmol) and 

enzyme extract (20-50 μl). The test tubes containing the reaction solution were irradiated 

with light (15W fluorescent lamps) at 78 µM m-2s-1 for 15 min. The absorbance of 

solution was noted at 650 nm. 

One unit of SOD activity was defined as the amount of enzyme which caused 50% 

inhibition of photochemical reduction of NBT. 

3.5.5.5. Reduced glutathione assay (GSH) 

Reduced glutathione was estimated by the method of Jollow et al. (1974). 1.0 ml 

sample of 10% homogenate was precipitated with 1.0 ml of (4%) sulfosalicylic aid. The 

samples were kept at 4°C for 1 h and then centrifuged at 1200 × g for 20 min at 4°C. The 

total volume of 3 ml assay mixture contained: phosphate buffer (pH 7.4, 0.1 M), DTNB 

(100 mmol) and sample (0.1 ml). The yellow color developed was read immediately at 

412 nm on a spectrophotometer. It was expressed as µM GSH/g tissue.  

3.5.5.6. Lipid peroxidation assay (LPO) 

Assay for nodular lipid peroxidation was done following the method of Wright et 

al. (1981) as modified by Iqbal et al. (1996). The reaction mixture in a volume of 1.0 ml 

consisted: phosphate buffer (pH 7.4, 0.1 M), enzyme extract (0.2 ml), ascorbate (100 

mmol) and ferric chloride (100 mmol). The reaction mixture was incubated at 37°C in 

shaking water bath for 1 h following the addition of 1.0 ml 10% trichloroacetic acid and 

1.0 ml 0.67% thiobarbituric acid. All the tubes were placed in boiling water-bath for 20 

min and then shifted to crushed ice-bath before centrifugation at 2500 × g for 10 min. The 

amount of malonaldehyde formed in each of the samples was assessed by measuring 

optical density of the supernatant at 535 nm against reagent blank. The results were 

expressed as nmol TBARS min-1mg-1 tissue at 37°C using molar extinction coefficient of 

1.56 × 105M-1 cm-1. 

3.5.5.7. Correlation among soluble protein and antioxidant enzymes  

Correlation among soluble protein and antioxidant enzyme for both the crops was 

carried out using computer program, Statistica 6.0.  
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3.6. Nodular SDS-PAGE analysis 

Whole cell protein profile of selected rhizobia was carried out by sodium dodecyl 

sulphate polyacrylamide gel electrophoresis (SDS-PAGE) as described by Laemmli 

(1970) using 12.25% (w/v) and stacking gel(Walter et al., 2003). 

3.6.1. Protein extraction 

Cell free extracts were prepared by harvesting cells in mid log phase from broth 

cultures through centrifugation (10,000 rpm for 5 min). Cell pellets were washed with 

Tris- HCl buffer (pH 7.6) and suspended in 200 µl phosphate buffer saline (PBS) pH 7.4 

and equal volume of extraction buffer (100 mmol Tris (pH 6.8), 0.8% SDS, 25% glycerol, 

4% mercapethanol & 02% bromophenole blue) was added. The cells were disrupted by 

temperature shock (freezing (-70oC) followed by 25 minute boiling (90ºC). After lyses 

samples were centrifuged at 13,000 rpm for 20 min and stored at -20oC before analysis. 

The electrophoretic procedure was carried out using slab type SDS-PAGE 

Model׃AE-6530M, ATTA Japan. 12.25% resolving gel (3.0 M Tris-HCL (Sigma) pH 9.0, 

0.4% SDS (Wako) and 4.5% stacking gel (0.4 mol Tris-HCL pH 7.0, 0.45 SDS) were 

prepared and polymerized chemically by addition of 17 µl by volume of N,N’,N’N’ 

tetramethylenediamine (TEMED) and 10% ammonium persulphate (Cica reagent). 

Electrode buffer (0.05 M Tris, 0.192 M Glycine and 0.125% SDS) solution was 

put into the tope and bottom pools of the apparatus. Gel plates were placed in the 

apparatus carefully so as to prevent bubbles formation at the bottom of gel plates. The 

samples (50 µl each) and molecular weight marker (PageRuler™ Plus Pre-stained Protein 

Ladder, Fermentas) (20 µl) were loaded. The gel was run at initial voltage of 70 V 

followed by 100 V for three h at 15oC. 

3.6.2. Staining and destaining 

After electrophoresis the gels were stained with solution 0.1 % (W/V) Commassie 

Brilliant Blue (CBB) R 250 dissolved in 10% (V/V) acetic acid (Cica), 40% (V/V) 

methanol and water in the ratio of 1050׃40׃ (V/V/V) for about an hour. Gels were 

destained in destain I (methanol 50 ml; glacial acetic acid 10 ml; volume made to one liter 

with distilled water) and destain II (methanol 50 ml; glacial acetic acid, 75 ml; volume 

made to one liter). Gels were shacked (Double shaker mixer DH-10) gently until the 

background of the gel became clear and polypeptide bands were clearly visible. The 

excess CBB was removed by addition of piece of tissue paper Kim wipe in the destaining 

solution. After destaining the gels were read and Rf value of each protein was measured 

and there by molecular weight in kDa was estimated. 
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Results 

4.1. General soil characters 

Before characterizing soil isolates for physiological characterization and heavy 

metal tolerance it is necessary to explore soil physicochemical properties as well as 

micronutrient composition to discriminate acquired and inherent characteristics.   

4.1.1. Physical characters of soil samples 

Data of physical characters of soil samples is complied in Table 4.1. Electric 

conductivity varies from 0.16 (Malam Jabba, NWFP) to 5.42 (Darberllow, Sindh). Salt 

(%) varies from 6.1 (Malam Jabba, NWFP) to 54.2 (Darberllow, Sindh). pH varies from 

6.1 (Sann, Sindh) to 7.8 (Mandi Bahauddin, Punjab). Organic matter varies from 0.25 

(Khuzdar, Balochistan) to 3 (Mandi Bahauddin, Punjab). Total nitrogen content varies 

from 0.09 (Malam Jabba, NWFP) to 0.15 (Mandi Bhauddin, Punjab). Saturation (%) 

varies from 30 (Jheel Condol, NWFP) to 60 (Bero Chandio, Sindh). Over all soil samples 

of Sindh were mostly highly saline and saturated, having neutral to basic pHs with 

moderate organic matter and deficient in total nitrogen. Texture of soils belonging to 

Sindh was either clay loam or loam. Samples belonging to Punjab were moderately saline 

and less saturated, highly basic in pH, rich in organic matter with better total nitrogen. 

Texture of soils of Punjab selected for present work was sandy loam. Although NWFP is 

mainly hilly but most samples were moderately saline and saturated, possess acidic to 

neutral pHs with good organic matter, total nitrogen and soil texture was loam. Soils of 

Balochistan also possessed good proportion of salt with low saturation (%), mainly basic 

in pH with plenty of organic matter and total nitrogen. Texture of Balochistan soils was 

also loam. Soils of AJK possessed less salt with high saturation, basic pH and ample 

organic matter but comparatively less total nitrogen. Soil texture was either clay loam or 

loam. 

4.1.2. Micronutrient composition of soil samples 

Micronutrient composition of soil samples is presented in Table 4.2a. Calcium 

content varies from 0.02 ppm (Khuzdar, Balochistan) to 1.59 ppm (Bero Chandio, Sindh). 

Manganese content varies from 0.294 ppm (Jamshoro, Sindh) to 6.05 ppm (Khuzdar, 

Balochistan). Magnesium content varies from 0.373 ppm (Islamabad, Capital) to 1.59 

ppm (Jheel Candol, NWFP). Cadmium content varies from 0.011 ppm (Dadyal, AJK) to 

0.04 ppm (Khuzdar, Balochistan). Zinc content varies from 0.394 ppm (Quetta, 

Balochistan) to 6.05 ppm (Khuzdar, Balochistan).  Potassium content varies from 1.323 
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(Islamabad, Capital) to 6.16 (Dadu Kacha, Sindh). Sodium content varies from 0.02 

(Muzaffarabad, AJK) to 3.3 (Mithyani, Sindh). Nickel content varies from 0.347 ppm 

(Akora khattack, NWFP) to 9.83 ppm (Jheel Saifullah, NWFP). Chromium is widely used 

in industrial processes and usually added to the soil by industrial waste water (Table 4.2 

b). Chromium content of soils used for present work varies from 0.269 ppm (Dadyal, 

AJK) to 0.812 ppm (Dadu Kacha, Sindh). Cobalt is an important micronutrient for normal 

growth of plants. Cobalt content varies from 0.027 ppm (Dadyal, AJK) to 1.6 ppm 

(Quetta, Balochistan). Copper content varies from 0.38 ppm (Mithyani, Sindh) to 0.543 

ppm (Qambar, Sindh). 

If we look at the data province vise most of the samples of Sindh are basically 

good in manganese, nickel, calcium and potassium while samples of NWFP are better in 

nickel, zinc and calcium, where as soils of Punjab and Capital are comparatively deficient 

in potassium and sodium but possessed considerable amount of manganese, magnesium, 

sodium, cobalt and copper. Soil samples of Balochistan analyzed were enriched with 

calcium, nickel, cobalt and copper content.  

4.2. Nodulation test 

Out of 27 soil samples, 19 chickpea and 11 green pea root nodule bacteria were 

isolated. Commercial strain  for each crop were successfully isolated from Bio- power 

that were able to form nodules in chickpea and green pea respectively when applied in 

sterile soil and sand mixture in pots (Fig. 4.1 & 4.2). 

4.3. Colony morphology 

All the isolated rhizobia were gram negative (Fig. 4.4 & 4.6). The coloration of 

chickpea (Fig. 4.3) as well as green pea (Fig. 4.5) rhizobial colonies were either milky-

white translucent or shiny with circular shape.   

4.4. Generation time 

Generation time could be defined as time taken by a strain to reach logarithmic 

growth phase. This important parameter is pre-requisite for any study of rhizobia. The 

recoding of data is adjusted on the basis of generation time. According to present study 

chickpea rhizobia were fall under three groups. 25% of the isolates were fast growers (50 

min < GT < 3 h), 25% were slow growers (3 < GT ≤ 9) and 50% were very-slow growing 

bacteria with a generation time of more than 9 h (Fig. 4.7). Similarly three groups were 

found within green pea rhizobia. 33.3% of the isolates were fast growers (50 min < GT < 

3 h), 50% slow growers  (3 < GT ≤ 9) and 16.66% were very-slow growing bacteria with 

a generation time of more than 9 h (Fig. 4.8). 
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Table 4.1: Sites and common physical characters of soil samples of Pakistan used for 

rhizobium isolation for chickpea and green pea root nodule bacteria 

Sr.  No. Code Location E.C. Salt (%) pH O.M. (%) Total N.  (%) Saturation (%) Texture 

1 1cp/gp Bero Chandio 1.45 14.50 7.10 1.75 0.09 60.00 Clay loam 

2 2cp/gp Larkana 0.53 5.30 6.90 1.25 0.06 60.00 Clay loam 

3 3cp/gp Qambar 1.32 13.20 7.40 0.75 0.04 50.00 Clay loam 

4 4cp/gp Dadu Kacha 0.72 7.20 7.00 0.25 0.01 50.00 Clay loam 

5 5cp/gp Darbellow 5.42 54.20 7.10 1.75 0.09 50.00 Clay loam 

6 6cp/gp Sann 1.30 13.00 6.90 1.25 0.06 30.00 Loam 

7 7cp/gp Kalari 1.69 16.90 7.00 2.25 0.11 50.00 Clay loam 

8 8cp/gp Mithyani 1.92 19.20 6.80 1.25 0.06 55.00 Clay loam 

9 9cp/gp Old Jatoi 0.85 8.50 7.50 1.90 0.10 36.00 Loam 

10 10cp/gp Jamshoro 0.64 6.40 6.80 0.35 0.02 49.00 Clay loam 

11 11cp/gp Gujrat 0.77 7.70 7.60 2.00 0.10 30.00 Sandy loam 

12 12cp/gp Jalalpur Jattan 0.74 7.40 7.50 1.25 0.06 30.00 Sandy loam 

13 13cp/gp Faisalabad 0.75 7.50 7.70 1.75 0.09 50.00 Clay loam 

14 14cp/gp Mandi Bahauddin 0.78 7.80 7.60 0.75 0.04 30.00 Sandy loam 

15 15cp/gp Attack 0.42 4.20 7.80 1.25 0.06 60.00 Clay loam 

16 16cp/gp Islamabad 0.38 3.80 7.30 0.75 0.04 60.00 Clay loam 

17 17cp/gp Shangerdad 1.09 10.90 6.70 0.25 0.01 50.00 Clay loam 

18 18cp/gp Malam Jabba 0.16 1.60 7.10 1.75 0.09 50.00 Loam 

19 19cp/gp Kohat 0.86 8.60 6.50 1.25 0.06 40.00 Loam 

20 20cp/gp Akora Khattak 0.82 8.20 6.40 1.25 0.06 40.00 Loam 

21 21cp/gp Kalam town 0.73 7.30 6.10 1.75 0.09 45.00 Loam 

22 22cp/gp Jheel Saifullah 0.72 7.20 6.20 2.25 0.11 45.00 Loam 

23 23cp/gp Jheel Condol 0.81 8.10 6.30 1.75 0.09 45.00 Loam 

24 24cp/gp Dadyal 0.76 7.60 6.90 1.25 0.06 45.00 Loam 

25 25cp/gp Muzaffarabad 0.48 4.80 6.90 0.75 0.04 60.00 Clay loam 

26 26cp/gp Khuzdar 1.48 14.80 7.40 1.50 0.08 43.00 Loam 

27 27cp/gp Quetta 1.81 18.10 7.20 3.00 0.15 36.00 Loam 
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Table 4.2 (a): Micronutrient composition (ppm) of Pakistani soils used for rhizobium 

isolation for chickpea and green pea 

 Sr. No. Location Calcium Manganese Magnesium Cadmium Zinc Potassium Sodium Nickel Chromium Cobalt Copper

1 Bero Chandio 1.5996 1.4371 1.4341 0.022 1.342 2.1315 2.99 0.831 0.432 0.091 0.175 

2 Larkana 1.4266 1.4371 1.7741 0.028 1.281 2.1315 1.99 1.083 0.544 0.191 0.205 

3 Qambar 1.1635 1.0438 1.6852 0.015 0.8533 4.554 2.46 0.893 0.47 0.123 0.543 

4 Dadu Kacha 0.5898 0.0394 1.6728 0.014 1.4371 6.1652 2.77 1.16 0.812 0.231 0.161 

5 Darbellow 0.36 0.1229 1.8504 0.02 0.4417 3.052 1.52 0.619 0.438 0.082 0.227 

6 Sann 0.3046 0.867 1.8001 0.03 1.0438 3.9702 1.88 0.999 0.567 0.187 0.136 

7 Kalari 0.344 0.996 1.765 0.021 1.478 3.3781 1.38 0.723 0.376 0.2 0.165 

8 Mithyani 0.3647 1.3364 1.8333 0.022 1.2214 3.5489 3.3 0.632 0.331 0.099 0.038 

9 Old Jatoi 0.8132 1.2214 1.7612 0.021 1.5746 5.2713 1.04 1.303 0.735 0.235 0.159 

10 Jamshoro 0.8948 0.0294 1.6283 0.018 2.4375 5.6152 2.56 1.04 0.703 0.2 0.25 

11 Gujrat 0.6542 1.085 1.364 0.02 0.3233 2.4279 1.8 0.802 0.504 0.197 0.227 

12 Jalalpur Jattan  0.566 2.011 0.987 0.012 0.567 2.88 2.33 0.873 0.678 0.123 0.389 

13 Faisalabad 0.3446 0.1787 1.6638 0.024 0.1229 4.9465 0.96 0.792 0.608 0.214 0.081 

14 Mandi Bahauddin 0.0671 1.45 1.034 0.014 4.234 1.468 2.88 0.783 0.456 0.985 0.099 

15 Attack 0.5552 1.281 1.665 0.022 0.678 2.6109 2.03 0.746 0.477 0.074 0.122 

16 Islamabad 0.0957 0.9489 0.3733 0.035 0.1787 1.3239 0.78 0.553 0.507 0.122 0.201 

17 Shangerdad 0.9634 0.678 1.696 0.02 1.3364 4.771 3.07 1.185 0.581 0.232 0.265 

18 Malam Jabba 0.0605 0.8426 1.6999 0.022 0.867 2.4477 1.66 0.84 0.589 0.144 0.183 

19 Kohat 1.567 1.281 1.665 0.0218 2.856 3.987 1.03 0.456 0.321 0.172 0.122 

20 Akora Khattak 1.034 3.231 1.069 0.034 0.678 2.679 2.63 0.347 0.477 0.099 0.162 

21 Kalam town 0.6789 0.4417 1.8387 0.022 6.0531 4.5036 2.88 0.823 0.679 0.161 0.223 

22 Jheel Saifullah 0.8234 0.3593 1.7337 0.021 4.535 3.5391 2.06 9.83 0.634 0.154 0.327 

23 Jheel Condol 0.3946 0.4176 1.8987 0.018 5.654 3.9236 3.18 0.734 0.57 0.061 0.199 

24 Dadyal 0.233 0.644 1.345 0.011 1.356 2.592 2.15 0.723 0.269 0.027 0.234 

25 Muzaffarabad 0.1957 1.423 0.3733 0.018 0.3787 2.3239 0.7 0.673 0.467 0.22 0.108 

26 Khuzdar 0.0203 6.0531 1.746 0.04 0.8426 2.2408 2.07 0.832 0.616 0.1 0.321 

27 Quetta 1.2399 0.3233 1.7665 0.016 0.0394 2.0774 1.15 0.719 0.462 1.6 0.208 

(E.C. = Electric conductivity; O.M. = Organic matter; Total N= Total nitrogen) 
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Table 4.2 (b) WHO (1989) Health guidelines for the use of waste water in agriculture and 

aquaculture 

Parameters Unit WHO Guidelines 

E.C dS/m <3 

Sodium mg/l <9 

Total nitrogen mg/l <30 

Phosphorus mg/l 8.6 

Potassium mg/l 34.7 

Chromium mg/l 5.0 

Nickel mg/l .20 

Copper mg/l .20 

Cobalt mg/l .05 

Cadmium mg/l .01 

Zinc mg/l 2 

 

 

       Fig. 4.1: An over view of chickpea pot experiment 

 

    Fig. 4.2: An over view of green pea pot experiment 
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        Fig. 4.3: Gram’s staining of chickpea root nodule bacteria (cp) (40x) 

 

 

 

 

 

        Fig. 4.4: Colony morphology of chickpea root nodule bacteria (cp) and      

        commercial strain (BPcp) 
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        Fig. 4.5: Gram’s staining of green pea root nodule bacteria (gp) (40x) 

 

 

     Fig. 4.6: Colony morphology of green pea root nodule bacteria (gp) and    

     commercial strain (BPgp) 

 

 

 

 



Chapter 4  Results 

 47

Fast 
growth

Slow 
growth

Very slow 
growth

0

5

10

15

20

25

30

35

40

45

50

P
er

ce
nt

ag
e 

of
 is

ol
at

es
G ≤ 3 3 < G ≤ 9 G > 9

Generation time in hours
 

Fig. 4.7: Generation times of tested chickpea nodulating bacteria 

 

Fast 
growth

Slow 
growth

Very slow 
growth

0

5

10

15

20

25

30

35

40

45

50

P
er

ce
nt

ag
e 

of
 is

ol
at

es

G ≤ 3 3 < G ≤ 9 G > 9

Generation time in hours

 

Fig. 4.8: Generation times of tested green pea nodulating bacteria 
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4.5. Physiological characters 

In vitro study of physiological characters is widely used to explore diversity 

within rhizobial  populations before testing them in-vivo for successful symbiotic 

associations.  

4.5.1. pH tolerance 

Soil acidity is reported to constrain symbiotic nitrogen fixation, limiting rhizobial 

survival and nodulation, therefore it is necessary to screen for pH range before selecting 

rhizobial strain as candidate strains. 

Among 20 chickpea isolates tested range of survival for pH was between pH 4.0 

to 9.5. On the basis of pH survival range 10 different groups were found (Table 4.3). 

Correlation was found for tolerance to different pH values and the origin-soil pH (Table  

4.1). 25% were tolerant to slight acid pH and 95% of the isolates grew in neutral pH and 

25% of isolates to pH 9.5 (Fig. 4.9). Maximum growth of  isolates for pH varied from  5.0 

(14cp) to 9.5 (24cp, 25cp). Maximum growth for commercial strain BPcp was observed at 

pH 5.5. 14cp isolate performed better for maximum growth than commercial strain for 

acidic pH (5.0)  (Table 4.4). Over all eight strains (8cp, 9cp, 12cp, 13cp, 16cp, 24cp, 

26cp, 27cp) showed  tolerance against extreme pH. 

Green pea isolates were able to grow from pH 5.0 to 9.5. Six different groups 

were observed for pH survival range among green pea rhizobia (Table 4.5). 

Approximately 1% isolate sustained pH 4 and 4.5. 100 % of the isolates grew in slight 

acidic to alkaline pHs (5.5 to 8) and About 25% of isolates were tolerant to pH 8.5 (Fig. 

4.12). Maximum growth of different isolates for pH varied from pH 6.0 (BPgp) to pH 9 

(19gp, 24gp) (Table 4.6). Isolate 27gp performed better for acidic to neutral pH. Five 

strains (7gp, 8gp, 9gp, 23gp, 24gp) showed wide tolerance against extreme pH. 

4.5.2. NaCl tolerance 

Soil salinity a major problems of agricultural lands of Pakistan; also affects the 

survival and distribution of rhizobia in soil. In chickpea survival range varied from 0% to 

3.5%. Eight different groups were found for range of NaCl tolerance (Table 4.3). 60% 

root nodulating rhizobia were able to grow from 0% to 3.5% NaCl in comparison to 

commercial strain (BPcp) that showed survival range from 0.1% to 1.5% NaCl. 100% 

isolates were able to grow at  0.3% to 1.5% NaCl,  while 85% showed positive response 

from 0% to 2% NaCl. Maximum growth response against NaCl concentrations was 0.1% 

(8cp) to 2% (25cp) (Fig. 4.10). Commercial strain (BPcp) showed maximum growth at 

0.5% NaCl concentration while 5 isolates (2cp, 6cp, 7cp, 12cp, 13cp) gave better results 
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for maximum growth in comparison to commercial strain (Table 4.4). Eleven strains (2cp, 

5cp, 6cp, 7cp, 8cp, 9cp, 11cp, 12cp, 25cp, 26cp, 27cp) showed wide tolerance for 

different NaCl concentrations used in this experiment. 

Green pea rhizobia that successfully survived against NaCl stress varies from 0% 

to 3.5%. Eight different groups were found for range of NaCl tolerance (Table 4.5). 100% 

isolate were able to grow at 0.5% to 0.8% NaCl, 75% isolates continued to grow at 0.1% 

while 50% up to 1.5% NaCl concentration (Fig. 4.13). Maximum growth response of 

various isolates against NaCl concentrations was 0.1% (7gp) to 1.5% (18gp). Commercial 

strain (BPgp) showed maximum growth at 1.0% NaCl concentration while one (18gp) 

isolate gave better results for maximum growth in comparison to commercial strain. Five 

isolates (3gp, 7gp, 8gp, 12gp, 27gp) compete with check strain for high salt 

concentrations (Table 4.6).  

4.5.3. Temperature tolerance 

Rhizobium growing in alkaline soils during the summer season is subjected to high 

temperature. An understanding of the growth of Rhizobium isolated from the root nodules 

could be achieved when the physiology of these organisms has been carefully studied 

under these suboptimal conditions. Chickpea rhizobia survived from 5°C to 50°C.  On the 

basis of temperature survival range, 10 different groups were recorded (Table 4.3). All the 

isolates were able to grow at 25°C while 85% continued to grow at 40°C (2cp, 3cp, 5cp, 

8cp, 11cp, 16cp, 21cp, 22cp, 25cp, 27cp). 25% of the isolates tolerated temperature of 

45°C. Two strains (11cp and 25cp) ranked top for temperature tolerance from 5°C to 

50°C (Fig. 4.11). As indicated in Table 4.4, maximum growth for temperature varied 

from 25°C (13cp) to 50°C (25cp). Most of the strains performed better than commercial 

strain against elevated temperatures.  

Growth response for temperature treatment also exhibited variation among green 

pea nodulating rhizobia. Range of survival for temperature was recorded from 5°C to 

45°C. On the basis of temperature survival range, five different groups were recorded 

(Table 4.5). All the isolates were able to grow at 25°C while 75% continue to grow at 

45°C (3gp, 8gp, 9gp, 12gp, 26gp, 27gp). No strain survived at 50°C (Fig. 4.14). As 

indicated in Table 4.6, maximum growth for temperature varied among isolates from 

25°C (19gp, BPgp) to 45°C (3gp, 12gp, 27gp).  

4.5.4. Cluster analysis 

Physiological characters were also analyzed by numerical taxonomic technique 

using cluster analysis (Table 4.7). Present work revealed four major clusters among 
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chickpea rhizobia for physiological traits at the distance of 8.9 (Fig. 4.15). Cluster 1 

contains one isolate and commercial strain (13cp, BPcp). These rhizobia were tolerant to 

acidic pH, high salt and low temperature. Cluster 2 included six isolates (6cp, 9cp, 14cp, 

19cp, 21cp, 25cp). This group showed acid tolerance, moderate salt tolerance, and wide 

range of temperature tolerance. Cluster 3 consisted of four isolates (16cp, 22cp, 24cp, 

26cp) that were able to grow substantially acidic to basic and salt but comparatively 

sensitive to temperature to both extremes. Cluster 4 constituted seven isolates (2cp, 3cp, 

5cp, 8cp, 11cp, 12cp, 27cp). This largest group exhibited wide range of pH,  salt  and 

elevated temperature tolerance. Out of 19 chickpea isolates 9  (2cp, 3cp, 5cp, 8cp, 11cp, 

12cp, 21cp, 26cp and 27cp) performed good against pH, salt and temperature stresses. 

Distance metrics of green pea rhizobia is presented in Table 4.8. It is clear from 

Fig. 4.16 the present analysis divided green pea rhizobia in several groups. Major two 

clusters were found at distance of 6.5. Cluster 1 is further subdivided in A1 and B1. A1 

bifurcated in to A1a and A1b. A1a include one isolate (BPgp) showing acid tolerance, 

high NaCl tolerance, and sensitivity to elevated temperatures. A1b consisted of three 

isolates (24gp, 26gp, 27gp) that were baso-tolerant, able to grow at high NaCl 

concentrations, and  high temperature. Where as B1 comprises two strains (19gp, 23gp) 

with baso-tolerance, moderately adaptable to salt stress and low temperature tolerance. 

Cluster 2 is also divided in A2 and B2. A2 again bifurcated in A2a and A2b. A2a 

included two strains (12gp and 18gp) with baso-tolerant, salt tolerant and high 

temperature tolerant trends. A2b encompassed three root nodule green pea rhizobia (7gp, 

8gp, 9gp) with neutral to basic pH tolerance and were sensitive to low pH, salt and 

temperature. On the other hand the only strain in group B2 (3gp)  was extremely pH 

sensitive only grow on neutral pH but can tolerate high salt and able to grow in elevated 

temperature. Over all 24gp, 26gp and 27gp were the best isolate that tolerate multiple 

stresses. 

4.5.5. Principle component analysis 

Principle component analysis of chickpea isolates for physiological characters is 

presented in Table 4.9. The first factor showed 40.15% variation with eigenvalue 12.04. 

In this factor basic pH (6.5 to 9) and  NaCl treatment (0% to 3.5%) was the most 

important parameter. Second factor exhibited 18.24% variation with eigenvalue 5.4. Here 

pH 5 and 5.5 were the most important coefficients. The third factor contributed 10.18% 

variation with eigenvalue 3.05. In this factor pH 4, 4.5 and 9.5 were the most important 
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parameters. First two factors of (PCA) discriminated isolates into six groups (Fig. 4.17). 

13cp grouped with commercial strain.  

Variations for physiological characters are evident in box and whisker plot (Fig. 

4.18). Most of the variations were observed for temperature tolerance followed by salt 

tolerance while growth response against different pHs varied only for extreme low and 

high temperatures. 

Table 4.10 represents principle components of green pea for physiological 

characters. Factor analysis distributed 30 variables in to three factors. The first factor 

contributes 91.15% of total variation with eigenvalue of 27.34. All the coefficients were 

significant in first factor except 0% salt concentration and pH 9.5. The second factor 

shared 4.36% of total variation with eigenvalue of 1.308% where pH 9.5 was the only 

important coefficient. The third factor was responsible for 3.08% variation and 

eigenvalue 0.92. The most important parameter was 0% salt concentration. 

Four groups of green pea rhizobia were identified for the first two factors of 

(PCA) (Fig. 4.19). 27gp was the closest isolate to commercial strain (BPgp). 

Variations for physiological characters are illustrated in box and whisker plot (Fig. 4.20). 

Maximum variations were scored for salt tolerance. Main variations for temperature were 

observed below 35°C. In case of pH maximum variation was observed below pH 5 and 

above 8.5.  

4.6. Antibiotic and heavy metal resistance 

Detection of antibiotic markers is simple, reliable and non-expensive therefore, 

considered more practical than other methods. 

Minimum inhibitory concentration for antibiotics among chickpea isolates is presented in 

Table 4.11 and Fig. 4.21. Most of them showed inhibition at higher concentrations. 

Maximum isolates (40%) were found resistant against erythrosine, 30% for penicillin G, 

25% for  chloramphenicol and amphicillin, 20% for streptomycin and only 15% isolates 

were resistant for  kanamycin sulfate (Fig. 4.22).  

Antibiotic resistance pattern is presented in Table 4.12. On the basis of antibiotic 

resistance pattern five groups were observed. Group 1 was sensitive for all the antibiotics 

tested (2cp, 5cp, 9cp). Group 2 was resistant for one antibiotic (3cp, 11cp, 14cp, 16cp, 

21cp, 22cp). Group 3 showed resistance against two antibiotics at a time (7cp, 8cp, 13cp, 

19cp, 24cp, 25cp, BPcp). Group 4 exhibited resistance for three antibiotics (12cp, 26cp, 

27cp). Group 5 was found to be resistant for four antibiotics (6cp).  
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Table 4.3: Percentage survival range of chickpea rhizobia against pH, NaCl and 

temperature 

pH NaCl (%) Temperature (°C) 

Survival 
range 

Isolates Percentage 
Survival 

range 
Isolates Percentage 

Survival 
range 

Isolates Percentage 

4 – 9.5 8cp, 9cp, 
26cp 

15 0 - 3.5 2cp, 5cp, 6cp, 
7cp, 8cp, 9cp, 
11cp, 12cp, 25cp, 
26cp, 27cp 

55 5 -50 11cp, 
25cp  

10 

4 – 9 BPcp 5 0 - 2 21cp 5 5 -40 7cp 5 

4.5 – 9.5 2cp, 6cp, 
11cp, 25cp 

20 0 - 1.5 22cp, 24cp 10 5 -30 6cp, 13cp 10 

4.5 – 9 12cp, 13cp, 
16cp, 24cp, 
27cp, 

25 .1 - 3.5 3cp, 16cp 10 10 -50 2cp, 3cp, 
5cp, 21cp 

20 

4 – 8.5 14cp 5 .1 - 1.5 14cp 5 10 -45 26cp, 
19cp, 
14cp 

15 

5 – 9 22cp 5 .3 - 2 13cp 5 10 -40 BPcp 5 

6 – 8.5 3cp 5 .3 - .8 19cp 5 10 -30 24cp 5 

6.5 – 9.5 5cp, 7cp 10 .5 - 3.5 BPcp 5 15 -50 27cp, 
22cp, 8cp 

15 

6.5 – 9 19cp 5    15 -45 12cp, 
16cp 

10 

7 – 9 21cp 5    15 -40 9cp 5 
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     Fig. 4.9: Effect of pH on growth of chickpea rhizobia 
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Fig. 4.10: Effect of different concentrations of NaCl on growth of chickpea rhizobia 
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Fig. 4.11: Effect of temperature on growth of chickpea rhizobia 
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Table 4.4: Maximum growth response for pH, NaCl and temperatures in chickpea 

rhizobia 

Isolates 

pH NaCl Temperature 

Max. 

growth 
pH Max. growth 

Conc. 

(%) 

 

Max. growth (°C) 

2cp 0.65 8.5 0.78 0.8 1.83 45 

3cp 0.66 6.5 0.33 0.5 1.86 45 

6cp 0.70 6.0 0.66 0.3 0.52 35 

7cp 0.42 8.5 0.57 0.8 0.51 35 

8cp 0.60 7.0 0.60 0.1 1.88 45 

9cp 0.52 9.0 0.58 0.5 0.87 35 

11cp 0.65 8.5 0.90 0.3 1.84 45 

12cp 0.69 7.5 0.70 1 0.78 45 

13cp 0.59 6.0 0.35 0.8 0.95 25 

14cp 0.25 5.0 0.83 0.5 0.51 35 

16cp 6.67 7.5 1.37 1 2.93 45 

19cp 0.68 9.0 1.05 0.5 0.54 25 

21cp 0.60 8.5 1.66 0.5 0.69 35 

22cp 6.68 6.5 1.43 0.3 1.80 45 

24cp 0.91 9.5 0.17 0.3 0.74 25 

25cp 0.32 9.5 2.06 2 0.70 50 

26cp 1.46 7.5 0.69 0.5 0.65 45 

27cp 0.67 7.5 0.05 0.3 1.94 45 

BPcp 0.33 5.5 0.12 0.5 0.77 25 
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Table 4.5: Percentage survival range of green pea rhizobia against pH, NaCl and 

temperature 

pH NaCl (%) Temperature (°C) 

Survival 

range 
Isolates Percentage 

Survival 

Range 
Isolates Percentage 

Survival 

range 
Isolates Percentage 

4 – 7.5 27gp, BPgp 24 0 - 3.5 3gp,12gp 24 20 -45 3gp, 12gp, 

26gp 

36 

5 – 8.5 3gp,7gp, 8gp 36 .1 - 3.5 7gp, 8gp, 

27gp, BPgp 

48 20 -35 19gp, BPgp 24 

6 – 8.5 26gp,  12 .1 – 2 9gp, 23gp, 24 25 -45 8gp, 9gp, 

27gp 

36 

6.5 – 9.5 9gp, 18gp, 

19gp, 23gp 

48 .1-1 24gp 12 25 -35 7gp 12 

7 – 8.5 12gp 12 .3 - 2 19gp, 26gp 24 25 -40 18gp, 

23gp, 24gp 

36 

7– 9.5 24gp 12 .3-3.5 18gp 12    
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Fig. 4.12: Effect of pH on growth of green pea rhizobia 
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Fig. 4.13: Effect of different concentrations of NaCl on growth of green 

pea rhizobia 
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Fig. 4.14: Effect of temperature on growth of green pea rhizobia 
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Table 4.6: Maximum growth response for pH, NaCl and temperatures in green pea 

rhizobia 

Isolates 

pH NaCl Temperature 

Max. 
growth 

pH Max. growth 
Con. 
(%) 

Max. growth (°C) 

3gp 1.24 7 1.30 .3 2.57 45 

7gp 1.72 8 1.03 .1 2.34 35 

8gp 1.68 7.5 1.06 .5 2.11 40 

9gp 1.57 8.5 1.29 .3 2.01 40 

12gp 1.47 8 1.268 .8 2.34 45 

18gp 1.65 8 1.268 1.5 1.64 40 

19gp 1.46 9 1.173 .8 1.98 25 

23gp 1.36 8.5 1.27 .8 2.34 40 

24gp 1.26 9 1.142 .8 1.83 35 

26gp 1.25 7 1.13 .5 1.46 40 

27gp 1.53 7.5 1.06 .5 1.89 45 

BPgp 1.34 6 1.19 1 1.45 25 

 

Table 4.7: Euclidean distances between 19 isolates and commercial strain of chickpea for 

physiological characters 

Isolates 2cp 3cp 5cp 6cp 7cp 8cp 9cp 11cp 12cp 13cp 14cp 16cp 19cp 21cp 22cp 24cp 25cp 26cp 27cp BPcp

2cp 0                                       

3cp 1.9 0                                     

5cp 2.1 1.6 0                                   

6cp 2.6 2.7 3.3 0                                 

7cp 2.8 2.3 3.1 1.4 0                               

8cp 1.4 1.5 1.8 2.3 2.4 0                             

9cp 2.4 2.5 3.2 0.9 1.2 2.1 0                           

11cp 1.1 1.9 2.3 2.8 3 1.4 2.6 0                         

12cp 2.3 1.8 2.6 1.6 1.4 2 1.5 2.4 0                       

13cp 3.1 2.5 3.3 1.3 1.4 2.7 1.5 3.3 1.6 0                     

14cp 3.3 3.9 4.3 2.7 2.8 3.6 2.7 3.4 3 3.4 0                   

16cp 15.6 16.2 16.4 16.2 16.9 15.7 16.4 15.7 16.6 16.8 17.3 0                 

19cp 2.7 2.9 3.4 1.7 1.6 2.7 1.6 2.8 1.8 2.2 1.5 17 0               

21cp 6.7 6.8 7.2 7.1 7 6.5 6.6 6.4 7 7.3 6.9 17.8 6.9 0             

22cp 13.2 13.7 14.1 13.7 14.3 13.3 13.8 13.1 14 14.3 14.7 5 14.4 15.4 0           

24cp 3 2.9 3.5 1.7 2.1 2.5 1.6 3.2 2.3 1.8 4 15.8 2.9 7.5 13.4 0         

25cp 3.5 4.7 4.7 3.9 4 4.4 3.8 3.8 3.9 4.5 2.3 16.7 2.9 7.5 14.2 4.9 0       

26cp 2.1 2.3 3 1.7 2 1.8 1.6 2.2 1.9 2.3 3.4 15.3 2.5 7 12.8 1.7 4.1 0     

27cp 1.1 1.2 1.6 2.5 2.5 1 2.3 1.3 2 2.7 3.7 15.7 2.8 6.6 13.3 2.7 4.2 2 0   

BPcp 2.9 2.3 3.2 1.5 1.3 2.6 1.4 3 1.6 1.1 3.2 17.2 2.1 7 14.6 2 4.5 2.3 2.6 0 
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Fig. 4.15: Neighbor-joining tree expressing the relationship among  

19 isolates and commercial strain of chickpea for physiological characters 

 

 

Table 4.8: Euclidean distances between 11 isolates and commercial strain of green pea for 

physiological characters 

Isolates 3gp 7gp 8gp 9gp 12gp 18gp 19gp 23gp 24gp 26gp 27gp BPgp 

3gp 0            

7gp 3.5 0           

8gp 3 2.3 0          

9gp 4.4 2.7 1.92 0         

12gp 4.6 3.9 2.46 2 0        

18gp 6.1 4.4 3.51 2.2 2.13 0       

19gp 7.4 5.5 4.89 4.12 3.89 2.71 0      

23gp 7.7 6.3 5.2 4.22 3.48 2.52 2.7 0     

24gp 9.4 7.6 6.95 5.59 5.22 3.68 3.66 3.16 0    

26gp 9.6 8.4 7.27 6.28 5.22 4.31 4.22 2.85 2.44 0   

27gp 10.5 9.6 8.39 7.44 6.33 5.56 5.75 4.26 3.58 1.78 0  

BPgp 11.8 10.3 9.39 8.32 7.63 6.3 5.31 4.58 3.48 2.91 3.4 0 
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Fig. 4.16: Neighbor-joining tree expressing the relationship among 

  11 isolates and commercial strain of green pea for physiological characters 
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Table 4.9: Principle component analysis of chickpea rhizobia showing variance 

explained, eigenvalues and component matrixes for physiological characters (three-

components extracted) 

Character  Range PC 1 PC 2 PC 3 

 pH 4 0.40462 0.296585 0.60626 

4.5 0.374012 0.334011 0.688453 

5 0.071716 0.622906 0.586108 

5.5 0.59974 0.72294 0.139117 

6 0.6987 0.534628 0.03964 

6.5 0.81802 0.515348 0.16162 

7 0.83141 0.521307 0.14724 

7.5 0.82359 0.532405 0.11419 

8 0.83022 0.524964 0.12331 

8.5 0.83634 0.51261 0.131 

9 0.84278 0.515567 0.08538 

9.5 0.261444 0.21428 0.645455 

Salt (%) 0 0.84454 -0.23023 0.268274 

0.1 0.83557 -0.35159 0.154734 

0.3 0.83691 -0.35491 0.134032 

0.5 0.69727 -0.51797 0.03873 

0.8 0.75121 0.52772 0.055519 

1 0.83266 0.48058 0.052854 

1.5 0.85913 0.43198 0.187047 

2 0.82627 0.42393 0.238015 

3.5 0.65524 0.33942 0.410878 

Temperature 

(˚C) 

5 0.295604 0.044197 0.15953 

10 0.29937 0.24036 0.47874 

15 0.01883 0.58648 0.187831 

20 0.322273 0.169415 0.21535 

25 0.423407 0.491064 0.24001 

35 0.0128 0.29197 0.46632 

40 0.15995 0.062 0.48407 

45 0.44191 0.265176 0.3248 

50 0.54445 0.10298 0.00189 

 Eigenvalue 12.04642 5.47229 3.05597 

 Variation explained  40.15473 18.24097 10.18658 

 Cumulative variation explained 12.04642 17.51871 20.57468 
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Fig. 4.17: Principal component analysis of 19 chickpea rhizobia and commercial strain. 

Values in parentheses show the variation explained by the principal component 
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Fig. 4.18: Wisker box diagram showing data range of chickpea rhizobia for different 

physiological characters 
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Table 4.10: Principle component analysis of green pea rhizobia showing variance 

explained eigenvalues and component matrixes for physiological characters (three-

components extracted) 

Characters  Range PC 1 PC 2 PC 3 

 pH 4 0.87 0.16 0.00 

4.5 0.97 0.07 0.02 

5 0.99 0.02 0.01 

5.5 0.99 0.02 0.01 

6 0.99 0.02 0.01 

6.5 0.99 0.02 0.01 

7 0.99 0.02 0.01 

7.5 0.99 0.02 0.01 

8 0.99 0.02 0.01 

8.5 0.99 0.02 0.01 

9 0.99 0.02 0.01 

9.5 0.32 0.93 0.13 

Salt (%) 0 0.31 0.19 0.92 

0.1 0.85 0.50 0.09 

0.3 0.99 0.02 0.01 

0.5 0.99 0.02 0.01 

0.8 0.99 0.02 0.01 

1 0.99 0.06 0.05 

1.5 0.99 0.02 0.01 

2 0.99 0.06 0.05 

3.5 0.99 0.06 0.05 

Temperature 

(˚C) 

5 0.99 0.02 0.01 

10 0.92 0.24 0.03 

15 0.97 0.09 0.12 

20 0.99 0.02 0.01 

25 0.99 0.02 0.01 

35 0.99 0.02 0.01 

40 0.99 0.02 0.01 

45 0.99 0.02 0.01 

50 0.97 0.10 0.04 

 Eigenvalue 27.34 1.308 0.92 

 Variation explained  91.15 4.360 3.08 

 Cumulative variation explained 27.34 28.65 29.57 
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Fig. 4.19: Principal component analysis of 11 green pea rhizobia and commercial strain. 

Values in parentheses show the variation explained by the principal component 
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Fig. 4.20: Wisker box diagram showing data range of green pea rhizobia for different 

physiological characters 
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Minimum inhibitory concentration for antibiotics among green pea isolates is 

compiled in Table 4.13 and Fig. 4.23. Most of them showed inhibition at moderate 

concentrations. Maximum isolates (35%) were resistant against erythrosine and 

chloramphenicol, 30% for penicillin G, 26% for streptomycin and  amphicillin, only 17% 

isolates were resistant for penicillin and   kanamycin sulfate (Fig. 4.24). 

Table 4.14 presents antibiotic resistance pattern for green pea rhizobia. Five 

antibiotic resistance groups were recorded in present work for green pea rhizobia. Group 

1 included isolates that was sensitive to all antibiotics (7gp, 9gp, 18gp). Group 2 isolates 

were resistant for one antibiotic (3gp, 8gp, 19gp, 23gp, 26gp). Groups 3 exhibited 

resistance against two antibiotics (24gp, BPgp) and group 4 for three antibiotics (12gp) 

and group 5 for five antibiotics (27gp).  

Soil microorganisms under go frequent influence of heavy metals. Heavy metal 

tolerance was checked because of important role played by rhizobia in neutralization of 

metal polluted soils. A number of isolates showed variations for heavy metal resistance 

(Fig. 4.25). According to present study 95% isolates were found resistant against Ag, Pb, 

Mn, Cu and Zn where 85% were resistant to Co, 30% for Ni and 10% for Hg (Fig. 4.26). 

On the basis of resistance pattern against the heavy metals among chickpea rhizobia, five 

groups were observed (Table 4.15). Group 1 (7cp) was sensitive to all the heavy metal 

used in present work. Group 2 (6cp, 12cp) was resistant to 5 heavy metal, group 3 (2cp, 

5cp, 8cp, 9cp, 11cp, 13cp, 14cp, 16cp, 19cp, 21cp, 22cp, 26cp) for 6 while group 4 (3cp, 

25cp, 27cp, BPcp) possessed resistance for two and group 5 (13cp, 24cp) for 8 metals.  

Variations for heavy metal resistance among green pea rhizobia are presented in 

Fig. 4.27. 24gp was resistant for all the heavy metals tested. According to present study 

100% isolates were found resistant against Ag, Pb, Mn, Cu and Zn where 75% were 

resistant to Co, 50% for Ni and 18% for Hg (Fig. 4.28). On the basis of resistance pattern 

among green pea  rhizobia, six groups were evident (Table 4.16). Group 1 (12gp and 

26gp) was resistant to 5 heavy metals and group 2 (3gp, 8gp, 23gp) for 6. Group 3 (8gp) 

included in Co and Ni resistant isolates. Group 4 (13cp, 24cp) was resistant to 7 metals; 

especially Hg. Group 5 (7gp, 19gp, 27gp, BPgp) shared 7 heavy metals in common. The 

last 6th group showed resistance against all the heavy metal tested and include only one 

isolate (4gp). 
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4.6.1. Cluster analysis 

Euclidean distance matrix obtained from antibiotics and heavy metals were used 

to construct cluster diagram. The distance matrix or chickpea rhizobia is presented in 

Table 4.17. Cluster diagram (Fig. 4.29) of chickpea rhizobia explores that studied 

rhizobia were distributed in four main clusters at the distance of 0.5. Cluster 1 was the 

largest group with six isolates (3cp, 6cp, 7cp, 12cp, 24cp, 27cp). Amphicillin and 

kanamycin resistant isolates that share five common heavy metals (Ag, Pb, Mn, Cu and 

Zn) were placed in this group. Cluster 2 includes three isolates (13cp, 25cp and BPcp). 

These rhizobia showed erythromycin and Ni resistant although they also shared other five 

heavy metals. Cluster 3 again consisted of three isolates (11cp, 14cp and 22cp). Here 

isolate showing no resistance or resistance for single antibiotic and Zn tolerant were 

grouped together. Cluster 4 comprised of four isolates (2cp, 8cp, 19cp and 26cp) that 

were resistant to erythromycin, chloramphenicol and shared six heavy metals in common.  

Euclidean distance for  antibiotics and heavy metals among green pea rhizobia are 

given in  Table 4.18. The cluster diagram of green pea rhizobia reveals two major clusters 

at the distance of 1.4 (Fig. 4.30). Cluster 1 consists of two groups i.e. A1 and B1. Group 

A1 included one isolate (26gp) was resistant against one antibiotic (Penicillin) and five 

heavy metals (Ag, Pb, Mn, Cu and Zn). Group B1 is further divided in to B1a and B1b. 

Subgroup B1a included 2 green pea rhizobia (23gp, BPgp) that were against one 

antibiotic (Erythromycin) and six heavy metals (Ag, Pb, Mn, Cu, Co and Zn) in common. 

B1b comprised of one isolate (12gp) showing resistance for three antibiotics 

(Streptomycin, Erythromycin, Kanamycin ) and five heavy metals (Ag, Pb, Mn, Cu and 

Zn). Cluster 2 is subdivided in two groups A2 and B2. A2 further bifurcated in to A2a 

and A2b. Subgroup A2a consisted of two isolates (19gp, 27gp). Theses isolates were 

resistant to streptomycin and shared seven heavy metals (Ag, Pb, Mn, Cu, Co, Ni, Zn). 

A2b subgroup also included two isolates (7gp, 18gp) that did not show resistance against 

any antibiotic but were resistant to five heavy metals (Ag, Pb, Mn, Cu, Ni and Zn).  

4.6.2. Principle component analysis 

Table 4.19  represents principle components for antibiotic and heavy metals of 

chickpea rhizobia. First factor shared 42.95% variation with eigenvalue 6.01. Kanamycin, 

Ag, Pb, Mn, Cu, Co, Zn respond for major variation. The second factor contributed 

17.6% variation with eigenvalue 2.46. The most important coefficients in this factor were 

Kanamycin and Amphicillin. The third factor was responsible for 14.005% variation with 

eigenvalue 1.96. Penicillin and Ni were the most important parameters.  
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First two factors of (PCA) discriminate isolates into five groups (Fig. 4.31).  

Eleven isolates grouped with Commercial strain BPcp for antibiotic and heavy metal 

tolerance. Variations for antibiotic and heavy metals of green pea rhizobia are presented 

in Fig. 4.32. Most of the variations were observed for number of antibiotics, where as 

differential response for heavy metal resistance was found only for Co, Hg and Ni.   

Details of principle component analysis for green pea nodule isolates are given in 

Table 4.20. In case of antibiotics and heavy metal resistance the first factor contributed 

26% of the total variation with eigenvalue 2.34. The most important coefficients in this 

factor were Chloramphenicol and Amphicillin. The second factor shared 23.57% of total 

variation with eigenvalue 2.13. Streptomycin and Kanamycin were the most important 

antibiotics. The third factor included 14.9% of total variation with eigenvalue 1.34. 

Penicillin was the only antibiotic responsible for variation in this factor. 

Green pea rhizobia were classified into six groups for resistance of antibiotic and 

heavy metals on the basis of first two factors of (PCA) (Fig. 4.33). 18gp, 23gp and 26gp 

grouped together with commercial strain as all of them were sensitive to three antibiotics 

and one heavy metal in common. 

Variations for antibiotic and heavy metals are illustrated in Fig. 4.34. All the 

antibiotics exhibited differential response. Co, Hg and Ni were the three active variables 

responsible or most of the variations observed for heavy metal resistance. 

4.7. Carbon source utilization 

Carbon utilization patterns have also been used to distinguish isolates and strains among 

the Rhizobiaceae family. A number of carbon substrates were metabolized by most of the 

chickpea rhizobia strains as carbon substrates (Fig. 4.35). L-arginine and urea were the 

most utilized carbon sources (100%) followed by L-arabinose (95%) and potassium 

gluconate, D-maltose (90%). Only L-tryptophane was not utilized by any of the chickpea 

nodulating rhizobia (Table  4.21).  

Large variety of carbon substrates were utilized by majority of the green pea 

rhizobia strains as carbon substrates (Fig. 4.36). All the isolates (100%) utilized L-

arginine and D-glucose and malic acid followed by L-arabinose, D-mannose, D-mannitol, 

D-maltose and potassium gluconate (92%). D-glucose was the least utilized carbon source 

(17%) (Table 4.22). 
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Table 4.11: Minimum inhibitory concentrations and respective zone of inhibition 

(diameter) of chickpea rhizobia against six antibiotics 

Isolates 

Streptomycin Penicillin G Erythromycin Chloramphenicol Kanamycin sulphate Amphicilin 

Con. 

(μg/ml) 

Zone Dia. 

(mm) 

Con. 

(μg/ml) 

Zone Dia.

(mm) 

Con. 

(mg/ml)

Zone Dia.

(mm) 

Con. 

(ug/ml)

Zone Dia.

(mm) 

Con. 

(ug/ml)

Zone Dia. 

(mm) 

Con. 

(ug/ml) 

Zone Dia.

(mm) 

2cp 50 10 R 0 5000 11 50 16.2 50 10.7 30 19.2 

3cp 10 13.3 5000 12 8000 11 30 18 10 10.8 R 0 

5cp 30 12 5000 12 10 S 30 11 10 11 30 19.7 

6cp R 0 R 0 10 S R 0 50 13 R 0 

7cp 30 12 5000 25 10 12 50 15 10 S R 0 

8cp 30 11.5 5000 14 R 0 R 0 70 12.5 50 11.5 

9cp 30 11.6 8000 15.6 10 12.23 30 11.4 10 11.2 10 11.5 

11cp 30 11 8000 14 R 0 10 11.4 10 11 8000 11 

12cp 30 13.5 R 0 1000 13.2 50 14.2 R 0 R 0 

13cp R 0 10 15.5 R 0 30 24 70 17 10 15 

14cp 50 12.4 8000 14.6 10 S 30 11.6 10 S 50 11.7 

16cp 10 11 R 0 1000 13.2 50 16 50 11.7 10 10.2 

19cp 30 13 5000 22 10 S R 0 50 12 50 14.3 

21cp 50 12 8000 13 R 0 50 13.5 10 11.5 30 12.5 

22cp 30 10 5000 13.3 R 0 50 14.9 50 11.3 30 18.7 

24p 50 14.2 5000 15.9 5000 11.4 R 0 R 0 10 S 

25cp R 0 5000 12 R 0 50 13 70 10.8 30 15 

26cp 50 11.5 R 0 R 0 R 0 70 13 50 11.5 

27cp R 0 5000 11 8000 16.8 50 17 R 0 R 0 

BPcp 10 13.6 R 0 R 0 10 12 70 13 30 22 

         (Con.= Concentration, Dia.=Diameter, R= Resistant, S= Sensitive)
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Fig. 4.21: Antibiotic resistances (µg/ml) of chickpea root nodule bacteria. Isolates 

showing minimum inhibitory concentration (MIC) for different antibiotics. (Line 1: 

Streptomycin, 10 (A), 30 (B), 50(C); Line 2: Penicillin G, 10 (A), 100(B), 500(C), 800(D); Line 3: 

Chloramphenicol, 10(A), 30(B), 50(C); Positive control (con.)) 
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Fig. 4.22: Effect of different antibiotics on growth of chickpea rhizobia (n= 22) 

(Str=Streptomycin, Pen=Penicillin G, Ery=Erythromycin, Chl=Chloramphenicol, 

Kan=Kanamycin sulfate, Amp=Ampicillin) 
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Table 4.12: Antibiotics resistant pattern of chickpea rhizobia 

Groups No. of Antibiotics Resistant pattern 

1 0 (5cp, 9cp) 

2 1 Pen (16cp) 

 1 Ery (11cp, 14cp, 21cp, 22cp) 

 1 Amp (3cp) 

3 2 Pen, Chl (2cp) 

 2 Ery, Chl (8cp, 9cp) 

 2 Str, Ery (13cp, 25cp) 

 2 Pen, Ery (BPcp) 

 2 Kan, Amp (7cp, 27cp) 

4 3 Pen, Kan, Amp (12cp) 

 3 Kan, Amp, Chl(24cp) 

 3 Pen, Ery, Chl (26cp) 

5 4 Str, Pen, Chl, Amp (6cp) 

 (Str=Streptomycin, Pen=Penicillin G, Ery=Erythromycin, 

Chl=Chloramphenicol, Kan=Kanamycin sulfate, Amp=Ampicillin) 

 

Table 4.13: Minimum inhibitory concentrations and respective zone of inhibition 

(diameter) of green pea rhizobia against six antibiotics 

Isolates 

Streptomycin Pencillin G Erythromycin Chloramphenicol Kanamycin sulphate Amphicilin 

Con. 

(μg/ml) 

Zone Dia. 

(mm) 

Con. 

(µg/ml) 

Zone Dia.

(mm) 

Con. 

(µg/ml)

Zone Dia.

(mm) 

Conc. 

(ug/ml)

Zone Dia.

(mm) 

Con. 

(ug/ml)

Zone Dia. 

(mm) 

Con. 

(ug/ml) 

Zone Dia.

(mm) 

3gp 10 12.2 10 S 10 11 30 15 50 11.3 R 0 

7gp 30 13 10 S 10 11.8 30 17 10 10.5 30 14 

8gp 10 20 5000 23 R 0 10 10.8 70 12 30 20.2 

9gp 50 12.3 8000 15 8000 12 10 11.6 50 12.3 8000 12 

12gp R 0 8000 15 R 0 10 13.6 R 0 8000 11 

18gp 50 12.4 8000 14.6 10 S 30 11.6 10 S 50 11.7 

19gp R 0 5000 24 8000 11 R 0 50 12 50 1 

19gp 30 13 5000 22 R 0 R 0 50 12 50 13 

23gp 30 10 5000 13.2 R 0 50 12.5 50 12.3 30 15 

24gp 10 11 10 16.2 5000 13.5 R 0 10 S R 0 

26gp 50 11.5 R 0 5000 23 R 0 50 13 10 11.5 

27gp R 0 10 13 8000 16.8 R 0 R 0 R 0 

BPgp 50 13.6 R 0 R 0 10 17 70 13 30 22 

(Con.= Concentration, Dia.=Diameter, R= Resistant, S= Sensitive) 
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 Fig. 4.23: Antibiotic resistance (µg/ml) of green pea root nodule bacteria. 

 (Line 1: Erythromycin, 100(A), 500(B), 800(C); Line 2: Kanamycin sulfate, 10(A),  50(B), 

70(C); Line 3: Ampicillin, 8(A), 10(B), 30(C), 50(D), 70(E), 100(F), 500(G), 800(H) Positive 

control (con.)) 
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Fig. 4.24: Effect of different antibiotics on growth of green pea rhizobia (n=12) 

(Str=Streptomycin, Pen=Penicillin G, Ery=Erythromycin, Chl=Chloramphenicol, 

Kan=Kanamycin sulfate, Amp=Ampicillin) 
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Table 4.14: Antibiotics resistant pattern of green pea rhizobia          

Groups No. of Antibiotics Resistant pattern 

1 0 (7gp, 9gp,18gp) 

2 1 Ery (8gp, 23gp) 

 1 Amp (3gp) 

 1 Pen (26gp) 

 1 Str (19gp) 

3 2 Pen, Ery (BPgp) 

 2 Chl, Amp (24gp) 

4 3 Str, Ery, Kan (12gp) 

5 4 Str, Kan, Chl, Amp (27gp) 

(Str=Streptomycin, Pen=Penicillin G, Ery=Erythromycin, 

Chl=Chloramphenicol, Kan=Kanamycin sulfate, Amp=Ampicillin) 

 

 

 

 

 

 

 

Fig. 4.25: Heavy metal resistance among chickpea rhizobia 

     (A= Silver, B=Lead, C=Manganese, D=Copper, E=Zinc, F=Cobalt,  

      G=Nickel, H=Mercury Positive control (con.)) 



Chapter 4  Results 

 72

Ag Pb Mn Cu

Co

 Hg

Ni

Zn

0

10

20

30

40

50

60

70

80

90

100

P
er

ce
nt

ag
e 

of
 is

ol
at

es

250 250 500 50 25 10 100 50

Heavy metal (μg/ml)
 

Fig. 4.26: Effect of heavy metals on growth of chickpea rhizobia 

            (Ag= Silver, Pb=Lead, Mn=Manganese, Cu=Copper, Zn=Zinc, Co=Cobalt, Ni=Nickel,    

                            Hg=Mercury) 

 

 

Table 4.15: Heavy metal resistant pattern of chickpea rhizobia. 

Groups No. of 

 Heavy metals 
Resistant pattern 

1 0 7cp 

2 5 Ag, Pb, Mn, Cu, Zn (6cp, 12cp) 

3 6 Ag, Pb, Mn, Cu, Co, Zn  (2cp, 5cp, 8cp, 9cp, 

11cp, 14cp, 16cp, 19cp, 21cp, 22cp, 26cp) 

4 7 Ag, Pb, Mn, Cu, Co, Zn, Ni (3cp, 25cp, 27cp, BPcp) 

5 8 Ag, Pb, Mn, Cu, Co, Hg, Zn, Ni  (13cp, 24cp) 

(Ag= Silver, Pb=Lead, Mn=Manganese, Cu=Copper, Zn=Zinc, Co=Cobalt, Ni=Nickel, 

Hg=Mercury) 
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   Fig. 4.27: Heavy metal resistance among green pea rhizobia 

    (A= Silver, B=Lead, C=Manganese, D=Copper, E=Zinc, F=Cobalt,  

    G=Nickel, H=Mercury, Positive control (con.)) 
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                     Fig. 4.28: Effect of heavy metals on growth of green pea rhizobia 

(Ag= Silver, Pb=Lead, Mn=Manganese, Cu=Copper, Zn=Zinc, Co=Cobalt, Ni=Nickel, 

Hg=Mercury)
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Table 4.16: Heavy metal resistant pattern of green pea rhizobia 
Groups No. of Heavy metals Resistant pattern 

1 5 Ag, Pb, Mn, Cu, Zn (12gp, 26gp) 

2 6 Ag, Pb, Mn, Cu, Co, Zn  (3gp, 8gp, 23gp)  

3 6 Ag, Pb, Mn, Cu, Ni, Zn  (18gp) 

4 7 Ag, Pb, Mn, Cu, Co, Hg ,Zn, (9gp) 

5 7 Ag, Pb, Mn, Cu, Co, Ni ,Zn, (7gp,19gp, 27gp, BPgp) 

6 8 Ag, Pb, Mn, Cu, Co, Hg, Ni ,Zn (24gp) 

(Ag= Silver, Pb=Lead, Mn=Manganese, Cu=Copper, Zn=Zinc,Co=Cobalt, Ni=Nickel, Hg=Mercury) 

 

Table 4.17: Euclidean distances between 19 isolates and commercial strain of chickpea 

for antibiotics and heavy metals 

Isolates  2cp 3cp 5cp 6cp 7cp 8cp 9cp 11cp 12cp 13cp 14cp 16cp 19cp 21cp 22cp 24cp 25cp 26cp 27cp BPcp

2cp 0                    

3cp 0.49 0                   

5p 0.24 0.22 0                  

6cp 0.38 0.58 0.59 0                 

7cp 0.67 0.28 0.39 0.38 0                

8cp 0.24 0.48 0.25 0.59 0.54 0               

9cp 0.24 0.22 0 0.59 0.39 0.25 0              

11cp 0.26 0.33 0.1 0.63 0.41 0.1 0.1 0             

12cp 0.38 0.36 0.39 0.17 0.26 0.59 0.39 0.45 0            

13cp 0.74 0.56 0.41 0.76 0.44 0.41 0.41 0.28 0.76 0           

14cp 0.24 0.22 0 0.59 0.39 0.25 0 0.1 0.39 0.41 0          

16cp 0.17 0.35 0.12 0.52 0.52 0.42 0.12 0.19 0.28 0.56 0.12 0         

19cp 0.24 0.48 0.25 0.59 0.54 0 0.25 0.1 0.59 0.41 0.25 0.42 0        

21cp 0.26 0.33 0.1 0.63 0.41 0.1 0.1 0 0.45 0.28 0.1 0.19 0.1 0       

22cp 0.26 0.33 0.1 0.63 0.41 0.1 0.1 0 0.45 0.28 0.1 0.19 0.1 0 0      

24cp 0.79 0.47 0.67 0.47 0.24 0.67 0.67 0.77 0.47 0.94 0.67 0.92 0.67 0.77 0.77 0     

25cp 0.48 0.36 0.28 0.61 0.44 0.28 0.28 0.18 0.61 0.11 0.28 0.38 0.28 0.18 0.18 0.89 0    

26cp 0.17 0.65 0.42 0.52 0.7 0.12 0.42 0.19 0.52 0.56 0.42 0.34 0.12 0.19 0.19 0.92 0.38 0   

27cp 0.46 0.19 0.32 0.26 0.15 0.55 0.32 0.45 0.26 0.5 0.32 0.39 0.55 0.45 0.45 0.37 0.32 0.66 0  

BPcp 0.49 0.44 0.42 0.76 0.59 0.42 0.42 0.23 0.52 0.41 0.42 0.29 0.42 0.23 0.23 1.08 0.22 0.29 0.55 0 
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Fig. 4.29: Neighbor-joining tree expressing the relationship among 19 isolates  

and commercial strain of chickpea for antibiotics and heavy metals 

 

 

Table 4.18: Euclidean distances between 11 isolates and commercial strain of green pea 

 for antibiotics and heavy metals 

Isolates 3gp 7gp 8gp 9gp 12gp 18gp 19gp 23gp 24gp 26gp 27gp BPgp 

3gp 0            

7gp 0.5 0           

8gp 0.24 0.24 0          

9gp 0.5 0.5 0.24 0         

12gp 0.77 0.77 0.57 0.77 0        

18gp 0.81 0.24 0.64 0.81 0.57 0       

19gp 0.54 0.2 0.26 0.54 0.58 0.26 0      

23gp 0.5 0.5 0.24 0.5 0.43 0.81 0.54 0     

24gp 0.5 0.5 0.62 0.5 1.23 0.62 0.43 1 0    

26gp 1 1 0.81 1 0.77 0.81 0.54 1 1 0   

27gp 0.38 0.38 0.39 0.75 0.51 0.39 0.2 0.75 0.5 0.75 0  

BPgp 0.84 0.37 0.52 0.84 0.75 0.52 0.6 0.37 1.16 0.84 0.96 0 
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Fig. 4.30: Neighbor-joining tree expressing the relationship among 11 isolates  

and commercial strain of green pea for antibiotics and heavy metals 

 

Table 4.19: Principle component analysis of chickpea rhizobia showing variance 

explained, eigenvalues and component matrixes for resistance against six antibiotics and 

eight heavy metals (three-components extracted) 

Character  PC 1 PC 2 PC 3 

Antibiotics Str 0.04992 0.594745 0.349657 

Pen 0.060916 0.1864 0.72652 

Ery 0.3861 0.42519 0.3382 

Chl 0.123331 0.17268 0.410999 

Kan 0.610263 0.701776 0.1627 

Amp 0.565866 0.722711 0.09307 

Heavy metal Ag 0.96019 0.219889 0.13426 

Pb 0.96019 0.219889 0.13426 

Mn 0.96019 0.219889 0.13426 

Cu 0.96019 0.219889 0.13426 

Co 0.71702 0.32148 0.422163 

Hg 0.07424 0.460294 0.522736 

Ni 0.14605 0.545798 0.671291 

Zn 0.96019 0.219889 0.13426 

 Eigenvalue 6.013871 2.468737 1.960761 

 % of Variance 42.95622 17.63384 14.00544 

 % Cumulative 6.01387 8.48261 10.44337 

 (Str=Streptomycin, Pen=Penicillin G, Ery=Erythromycin, Chl=Chloramphenicol, Kan=Kanamycin sulfate, 

Amp=Ampicillin, Ag= Silver, Pb=Lead, Mn=Manganese, Cu=Copper, Co=Cobalt, Hg=Mercury, 

Ni=Nickel, Zn=Zinc,) 
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Fig. 4.31: Principal component analysis of 19 chickpea rhizobia and commercial strain for 

antibiotic and heavy metals. Values in parentheses show the variation explained by the 

principal component 
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Fig. 4.32: Wisker and box diagram showing data range of chickpea rhizobia for 

different antibiotic and heavy metals 
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 Table 4.20: Principle component analysis of green pea rhizobia showing variance 

explained, eigenvalues and component matrixes for resistance against six antibiotics and 

eight heavy metals (three-components extracted) 

Character  PC 1 PC 2 PC 3 

Antibiotics Str 0.52 0.76 0.07 

Pen 0.42 0.06 0.76 

Ery 0.51 0.49 0.19 

Chl 0.70 0.05 0.57 

Kan 0.39 0.81 0.24 

Amp 0.74 0.17 0.12 

Heavy metal Co 0.31 0.51 0.32 

Hg 0.28 0.58 0.17 

Ni 0.48 0.05 0.41 

 Eigenvalue 2.34 2.13 1.34 

 Variation explained  26.0 23.7 14.9 

 Cumulative variation explained 2.34 4.47 5.82 

(Str=Streptomycin, Pen=Penicillin G, Ery=Erythromycin, Chl=Chloramphenicol,  

Kan=Kanamycin sulfate, Amp=Ampicillin, Ag= Silver, Pb=Lead, Mn=Manganese, 

Cu=Copper, Co=Cobalt, Hg=Mercury, Ni=Nickel, Zn=Zinc) 
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Fig. 4.33: Principal component analysis of 11 green pea rhizobia and commercial 

strain for antibiotic and heavy metals. Values in parentheses show the variation  

explained by the principal component 
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Fig. 4.34: Wisker & box diagram showing data range of green pea rhizobia  

for different antibiotic and heavy metals (Str=Streptomycin, Pen=Penicillin G, 

Ery=Erythromycin, Chl=Chloramphenicol, Kan=Kanamycin sulfate, Amp=Ampicillin,  

Hg=Mercury, Ni=Nickel) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4  Results 

 80

4.7.1. Cluster analysis  

Table 4.23 presents the distance matrix for carbon source utilization by chickpea 

rhizobia. Cluster analysis based on distance matrix (Fig. 4.37 ) divide 20 isolates in to for 

major groups at the distance of 1.3. Cluster 1 included five isolates (6cp, 7cp, 8cp, 9cp, 

13cp) that were unable to metabolized sodium citrate and D-glucose. They shared six 

carbon sources in common. Cluster 2 consisted of five chickpea nodulating bacteria 

(11cp, 12cp, 22cp, 26cp, 27cp). This cluster did not utilize L-tryptophane and D-glucose. 

Cluster 3 comprised of six isolate (3cp, 5cp, 14cp, 24cp, 19cp, BPcp). All those that were 

unable to utilize L-tryptophane, adipic acid and phenylacetic acid but all shared seven 

carbon sources. Cluster 4 included four isolates (2cp, 16cp, 21cp, 25cp). Only five carbon 

sources were utilized by all isolates. 

Euclidean distances for carbon source utilization in green pea rhizobia are 

presented in Table 4.24 and cluster analysis in Fig. 3.36. At the distance of 3.8 isolates 

were divided in to three major clusters. Cluster 1 included two strains (18gp, 19gp). L-

tryptophane and phenylacetic acid were not utilized by any isolate while seven carbon (L-

aragnine, D-glucose, L-arabinose, D-mannitol, D-maltose, potassium gluconate and malic 

acid) sources were utilized in common. 

Cluster 2 is divided in two A and B groups. Group A contains only one strain 

(26gp) that utilized narrow range of carbon sources; Group B comprised of five isolates 

(7gp, 8gp, 12gp, 23gp, 24gp). This group utilized wide range of carbon sources except L-

tryptophane, D-glucose and gelatin. 

Cluster 3 included four strains (3gp, 9gp, 27gp, BPgp) that was unable to utilize 

D-glucose and phenylacetic acid, capric acid and adipic acid. 

4.7.2. Principle component analysis (PCA) 

Details of principle component analysis of carbon source utilization by chickpea 

nodulating rhizobia are given in Table 4.25. The first factor was responsible for 44.84% 

of total variations with eigenvalue 8.96. In this factor capric acid, tri sodium citrate was 

the most important coefficient. The second factor exhibited 18.73% of total variation with 

Eigenvalue of 3.747. This factor include L-tryptophane, D-mannose, D-mannitol, N-

acetyl-gluosamine, D-maltose, capric acid, adipic acid, malic acid, tri-sodium citrate, 

phenylacetic acid. The third factor showed 10.23% variation with Eigenvalue 2.04. The 

most important carbon sources were D-glucose, D-maltose, capric acid, adipic acid, tri-

sodium citrate and phenylacetic acid. Four groups were identified among chickpea 
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isolates for the first two factors of (PCA) (Fig.4.39). Isolate 26cp and 27cp occupied 

closest position to that of commercial strain for carbon source utilization. 

Box and whisker plot presents the data range of carbon source utilized by each of 

the isolate (Fig. 4.40). More or less similar trends were observed for majority of them 

except three isolates and commercial strain (BPcp).  

Principle component analysis of carbon source utilization by green pea is 

presented in Table 4.26. The first factor shared 42.64% of total variation with eigenvalue 

of 5.11. Mostly coefficients were significant except capric acid, adipic acid, tri- sodium 

citrate and phenylacetic acid. Second factor contributed 17.78% with Eigenvalue 2.13. L-

tryptophane, L-arginine, D-glucose, D-glucose, capric acid, adipic acid, and malic acid 

were the most important coefficients. The third factor included 16.106% of the total 

variation. The most important trait in this factor was L-tryptophane, D-glucose, D-

mannose, D-mannitol, N-acetyl-glucosamine, D-maltose, potassium gluconate and adipic 

acid. 

First two factors of (PCA) discriminate isolates into five groups (Fig. 4.41). 

Variation in carbon source utilization patterns are compiled in box and whisker pot (Fig. 

4.42) Over all diverse response were observed for carbon source utilization among green 

pea rhizobia. Isolate 26cp shared all the carbon sources with commercial strain (BPcp). 

While, 3gp, 9gp and 27gp isolates shared majority of carbon sources along with 

commercial strain. 
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Fig. 4.35: API NE 20 kit strips showing differential response for 
 carbon source utilized among chickpea rhizobia and commercial strain 
 
 

Table 4.21: Carbon source utilized by chickpea rhizobia (percentage) 
  

Carbon source 
Isolates 
(%)

L-arginine 100 
L-arabinose 95 

D-maltose 90 

Potassium gluconate 90 

Malic acid 80 

D-galactose 75 

D-mannose 75 

D-mannitol 75 

N-acetyl-glucosamine 70 

Tri sodium citrate 70 

n-capric acid 60 

Adipic acid 35 

Phenylacetic acid 25 

D-Glucose 20 

L-tryptophane 0 
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.  
 

Fig. 4.36: API NE 20 kit strips showing differential response for carbon  
source utilized among green pea rhizobia and commercial strain 
 

Table 4.22: Carbon source utilized by green pea rhizobia (percentage) 
  
Carbon source Isolates (%) 
L-arginine 100 
D-galactose 100 
Malic acid 100 
L-arabinose 92 
D-mannose 92 
D-mannitol 92
D-maltose 92 
Potassium gluconate 92 
N-acetyl-glucosamine 83 
Tri sodium citrate 75 
n-capric acid 67 
Adipic acid 58 
Phenylacetic acid 50 
L-tryptophane 42 
D-glucose 17 
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Table 4.23: Euclidean distances between 19 isolates and commercial strain of chickpea 
for carbon source utilization pattern 
 
Isolates 2cp 3cp 5cp 6cp 7cp 8cp 9cp 11cp 12cp 13cp 14cp 16cp 19cp 21cp 22cp 24cp 25cp 26cp 27cp BPcp

2cp 0                    

3cp 0.43 0                   

5cp 0.43 0 0                  

6cp 0.77 0.77 0.77 0                 

7cp 0.65 0.86 0.86 0.1 0                

8cp 0.77 0.77 0.77 0 0.1 0               

9cp 0.77 0.77 0.77 0.23 0.33 0.23 0              

11cp 0.43 0.66 0.66 0.81 0.89 0.81 0.58 0             

12cp 0.43 0.66 0.66 0.81 0.89 0.81 0.58 0 0            

13cp 1.26 1.04 1.04 0.49 0.62 0.49 0.49 1.04 1.04 0           

14cp 0.66 0.43 0.43 0.81 0.89 0.81 0.81 0.73 0.73 1.04 0          

16cp 0.55 0.55 0.55 0.9 0.99 0.9 0.68 0.35 0.35 1.15 0.58 0         

19cp 0.77 0.77 0.77 0.45 0.55 0.45 0.68 0.81 0.81 0.49 0.58 0.9 0        

21cp 0.3 0.54 0.54 0.71 0.78 0.71 0.71 0.38 0.38 1.15 0.63 0.22 0.71 0       

22cp 0.49 0.49 0.49 0.43 0.49 0.43 0.43 0.36 0.36 0.88 0.67 0.73 0.73 0.6 0      

24cp 0.43 0.43 0.43 0.77 0.86 0.77 0.77 0.43 0.43 1.26 0.2 0.33 0.77 0.3 0.49 0     

25cp 0.33 0.55 0.55 0.9 0.99 0.9 0.68 0.35 0.35 1.15 0.81 0.23 0.9 0.22 0.73 0.55 0    

26cp 0.49 0.49 0.49 0.43 0.49 0.43 0.43 0.36 0.36 0.88 0.67 0.73 0.73 0.6 0 0.49 0.73 0   

27cp 0.66 0.66 0.66 0.59 0.66 0.59 0.32 0.24 0.24 0.77 0.8 0.59 0.86 0.72 0.16 0.66 0.59 0.16 0  

BPcp 0.39 0.39 0.39 0.59 0.66 0.59 0.59 0.52 0.52 0.77 0.24 0.59 0.32 0.43 0.52 0.39 0.59 0.52 0.63 0 
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Fig. 4.37: Neighbor-joining tree expressing the relationship among 19 isolates and 
commercial strain of chickpea for carbon source utilization 
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Table 4.24: Euclidean distances between 11 isolates and commercial strain of green pea 
for carbon source utilization pattern 

 Isolate 3gp 7gp 8gp 9gp 12gp 18gp 19gp 23gp 24gp 26gp 27gp BPgp 

3gp 0            

7gp 3.74 0           

8gp 3.74 0 0          

9gp 0 3.74 3.74 0         

12gp 3.46 2 2 3.46 0        

18gp 4 5.83 5.83 4 4.9 0       

19gp 4.12 5.74 5.74 4.12 5 2.65 0      

23gp 3.87 1 1 3.87 1.73 5.74 5.48 0     

24gp 3.87 1 1 3.87 1.73 5.74 5.48 0 0    

26gp 3 2.65 2.65 3 3 5.57 4.9 2.45 2.45 0   

27gp 2 4.24 4.24 2 3.74 3.16 2.65 4.12 4.12 3.32 0  

BPgp 2.45 3.74 3.74 2.45 3.74 4 3.61 3.61 3.61 3 2 0 
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Fig. 4.38: Neighbor-joining tree expressing the relationship among 11 isolates 
and commercial strain of green pea for carbon source utilization 
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Table 4.25: Principle component analysis of chickpea rhizobia showing variance 
explained, eigenvalues and component matrixes for carbon source utilization (three-
components extracted) 
Carbohydyrates  PC 1 PC 2 PC 3 

L-tryptophane 6.42 0.67 0.12 

D- glucose 5.00 0.23 2.39 

L-arginine 2.95 0.45 0.44 

D-galactose 1.264 3.03 0.45 

L-arabinose 2.86 0.26 0.38 

D-mannose 1.39 2.91 0.48 

D-mannitol 0.95 3.45 0.16 

N-acetyl-glucosamine 0.74 2.08 1.75 

D-maltose 2.07 1.05 0.75 

Potassium gluconate 2.14 0.04 0.28 

n-capric acid 0.47 3.18 1.68 

Adipic acid 2.7 3.51 1.65 

Malic acid 1.164 1.77 0.52 

Tri sodium citrate 0.09 0.66 3.3 

Phenylacetic acid 3.31 0.61 2.98 

Eigenvalue 8.966 3.74 2.04 

Variation explained  44.84 18.7 10.23 

Cumulative variation explained 8.96 12.7 14.76 

 
 
 
 

 
 
Fig. 4.39: Principal component analysis of 19 chickpea rhizobia and commercial 
strain for carbon source utilization. Values in parentheses show the variation 
explained by the principal component 
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Fig. 4.40: Wisker & box diagram showing utilization range for different carbon sources 
of chickpea rhizobia 
 
 
 
 
 
 
 
 
Table 4.26: Principle component analysis of green pea rhizobia showing variance 
explained, eigenvalues and component matrixes for carbon source utilization pattern 
(three-components extracted) 
Carbohydyrates  PC 1 PC 2 PC 3 

L-tryptophane 4.68 1.95 1.69 

D- glucose 6.68 0.28 0.17 

L-arginine 1.37 1.39 0.15 

D-galactose 1.37 1.39 0.15 

L-arabinose 1.4 0.5 0.04 

D-mannose 1.06 0.88 0.43 

D-mannitol 1.4 0.5 0.04 

N-acetyl-glucosamine 0.96 0.14 0.97 

D-maltose 1.4 0.5 0.04 

Potassium gluconate 1.4 0.5 0.04 

n-capric acid 0.33 1.87 2.43 

Adipic acid 0.02 2.38 2.14 

Malic acid 1.37 1.39 0.15 

Tri sodium citrate 0.32 0.42 1.65 

Phenylacetic acid 0.31 3.54 0.78 

Eigenvalue 5.11 2.13 1.93 

Variation explained  42.64 17.78 16.1 

Cumulative variation explained 5.11 7.25 9.18 
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Fig. 4.41: Principal component analysis of 11 green pea rhizobia and commercial strain 
for carbon source utilization pattern. Values in parentheses show the variation explained 
by the principal component 
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Fig 4.42: Wisker & box diagram showing utilization range for different carbon sources of 
green pea rhizobia 
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4.7 Molecular characterization 

4.7.1. Plasmid 

Electrophoretic screening of plasmid is also important parameter contributing bacterial 

diversity. The plasmid profile of chickpea rhizobia is given in (Fig. 4.39). Range of 

plasmid numbers varied from 1 to 3 for chickpea rhizobia, while size of plasmid varied 

from 2.3kb to 33kb. 

Data of euclidean distances of plasmid profile is compiled in Table 4.27 for 

chickpea nodulationg rhizobia. It is clear from dandogram constructed on distances that 

over all chickpea soil isolates showed close association (Fig. 4.44). At the distance of 0.3 

four clusters were evident. Cluster 1, contained 5 isolates and check strain (BPcp) sharing 

33kb plasmid; cluster 2 included 3 isolates having 23.1kb plasmid in common. The 3rd 

cluster contents 2 isolates having 23.4kb plasmid and largest 4th cluster encompassed 9 

isolates that possess only one plasmid band in the range of 2.3kb to 16.3kb. 

The plasmid profile of green pea rhizobia is shown in Fig. (4.45). Plasmid 

numbers varied from 1 to 2 and size of plasmid varied from 9.4kb to 33kb. Euclidean 

distances for plasmid profile of green pea nodulating rhizobia are listed in Table 4.28 and 

clusters formed by the rhizobia are presented in the Fig. 4.46, showing five main clusters 

at the distance of 1.5. Cluster 1 contained check strain (BPcp) alone having 22 and 24kb 

plasmids. Cluster 2 included four isolates sharing 20kb plasmid and 3rd cluster 

encompassed three isolates possessing 11 and 23.1kb plasmids, while one isolate 

constitute cluster 4 that have 12kb plasmid and last cluster again contains three isolates 

having 13kb plasmid.  

4.7.2. RAPD analysis 

Genomic DNA fingerprinting using random amplification of polymorphic DNA 

(RAPD) is a useful technique that not only discriminate bacterial strains, but also explore 

genetic diversity with in them. 

The RAPD banding profile of chickpea rhizobia generated by primers B8 and B10 

is given in Fig. 4.47. Data of euclidean distances of RAPD analysis is compiled in Table 

4.29. On the basis of distance matrix dandogram is constructed for chickpea nodulationg 

 rhizobia (Fig.4.48). At the distance of 1.5, three major clusters were evident. Cluster 1 

included six isolates and BPcp, majority of them shared 320bp and 1100bp segment. 

Cluster 2 included six isolates that have 340bp segment in common. Third cluster 

encompassed seven isolates, majority of them possessing 300bp and 1200bp segment. 

500bp segment was shared by all the isolates except 9cp. 
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  A) 

                
 
 
 
 
     B) 

 
 
 
Fig. 4.43:  Plasmid profiles (a and b) of 19 chickpea root nodule rhizobia, showing 
different plasmid groups. M = Molecular weight marker λ DNA; Lane 1. 2cp, Lane 2. 3cp, Lane 3. 
5cp, Lane 4. 6cp, Lane 5. 7cp, Lane 6. 8cp, Lane 7.   9cp, Lane 8. 11cp, Lane 9. 12cp, Lane 10. 13cp, Lane 
11. 14cp, Lane 12.16cp, Lane 13. 19cp, Lane 14. 21cp, Lane 15. 22cp,   Lane 16.  24cp, Lane 17.  25cp, 
Lane 18. 26cp, Lane 19. 27cp 
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Table 4.27: Euclidean distances between 19 isolates and commercial strain of chickpea 
for plasmid profile analysis. 
 

Isolates  2cp 3cp 5cp 6cp 7cp 8cp 9cp 11cp 12cp 13cp 14cp 16cp 19cp 21cp 22cp 24cp 25cp 26cp 27cp BPcp
2cp 0.00          

3cp 1.41 0.00         

5cp 1.41 1.41 0.00        

6cp 1.41 1.41 1.41 0.00       

7cp 1.41 1.41 1.41 0.00 0.00      

8cp 1.41 1.41 1.41 0.00 0.00 0.00     

9cp 1.41 1.41 1.41 1.41 1.41 1.41 0.00     

11cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00     

12cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00     

13cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00 0.00     

14cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00     

16cp 0.00 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00     

19cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00     

21cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00 0.00     

22cp 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.41 1.41 0.00     

24cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 2.00 0.00    

25cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 2.00 1.41 0.00   

26cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00 0.00 1.41 1.41 1.41 0.00  

27cp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00 0.00 1.41 1.41 1.41 0.00 0.00 

BPcp 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 0.00 0.00 1.41 1.41 1.41 0.00 0.00 0.00
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Fig. 4.44: Dandogram of 19 chickpea isolates and commercial strain derived from 
plasmid profile analysis 
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A) 

 
 
 
B) 

                          

 
 Fig. 4.45: Plasmid profiles (a and b) of 11 green pea root nodule rhizobia, showing 
different plasmid groups. M = Molecular weight marker λ DNA; Lane 1. 3gp, Lane 2. 7gp,  Lane 3.    
8gp,  Lane 4. 9gp, Lane 5. 12gp, Lane 6.  18gp, Lane 7.  12gp, Lane  8. 18gp,  Lane 9.  19gp,  Lane 10. 
23gp  , Lane 11. 24gp , Lane 12. 26gp, Lane 13. 27gp,  Lane 14. BPgp 
  
 
 
 
 
 
 
Table 4.28: Euclidean distances between 11 isolates and commercial strain of green pea 
for plasmid profile analysis 
 

Isolates  3gp 7gp 8gp 9gp 12gp 18gp 19gp 23gp 24gp 26gp 27gp BPgp 

3gp 0            

7gp 1 0           

8gp 1 0 0          

9gp 1.73 1.41 1.41 0         

12gp 1.73 2 2 2 0        

18gp 1.41 1.73 1.73 1.73 1.73 0       

19gp 1.41 1.73 1.73 1.73 1.73 0 0      

23gp 1.73 2 2 2 1.41 1 1 0     

24gp 1.73 2 2 2 1.41 1 1 0 0    

26gp 1.73 2 2 2 1.41 1.73 1.73 1.41 1.41 0   

27gp 1.73 2 2 2 1.41 1.73 1.73 1.41 1.41 0 0  

BPgp 1.73 2 2 2 2 1.73 1.73 2 2 2 2 0 
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Fig. 4.46: Dandogram of 11 green pea isolates and commercial strain derived from 
plasmid profile analysis 

A) 

 
 
B) 
 

 
    B) 

 
Fig. 4.47: RAPD banding pattern of chickpea soil isolates with RAPD primer (A) B8(B) 
B10 (C).  Lane 1. 2cp, Lane 2. 3cp,  Lane 3. 5cp, Lane 4. 6cp, Lane 5. 7cp, Lane 6. 8cp, Lane 7.   9cp, 
Lane 8. 11cp, Lane 9. 12cp, Lane 10. 13cp, Lane 11. 14cp, Lane 12.16cp, Lane 13. 19cp, Lane 14. 21cp, 
Lane 15. 22cp,   Lane 16.  24cp, Lane 17.  25cp, Lane 18. 26cp,  Lane 19. 27cp Lane, 20.BPcp Lane M = 
Molecular weight marker λ DNA

  BPgp 
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Table 4.29: Euclidean distances between 19 isolates and commercial strain of chickpea 
for RAPD fingerprinting 
 
Isolates  2cp 3cp 5cp 6cp 7cp 8cp 9cp 11cp 12cp 13cp 14cp 16cp 19cp 21cp 22cp 24cp 25cp 26cp 27cp BPcp

2cp 0        

3cp 0 0       

5cp 0 0 0      

6cp 0 0 0 0     

7cp 0 0 0 0 0    

8cp 1.41 1.41 1.41 1.41 1.41 0    

9cp 1.41 1.41 1.41 1.41 1.41 1.41 0    

11cp 1.41 1.41 1.41 1.41 1.41 2 2 0    

12cp 2 2 2 2 2 2 2 2 0    

13cp 2 2 2 2 2 2 2 1.41 2 0    

14cp 2 2 2 2 2 2 2 1.41 1.41 1.41 0    

16cp 2 2 2 2 2 2 2 1.41 1.41 1.41 0 0    

19cp 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1 1.73 1 1 1 0    

21cp 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1 1.73 1 1 1 0 0    

22cp 2 2 2 2 2 2 2 2 1.41 2 1.41 1.41 1.73 1.73 0   

24cp 2 2 2 2 2 2 2 2 1.41 2 1.41 1.41 1.73 1.73 0 0  

25cp 2 2 2 2 2 2 2 2 1.41 2 1.41 1.41 1.73 1.73 0 0 0 

26cp 2 2 2 2 2 2 2 2 1.41 2 1.41 1.41 1.73 1.73 0 0 0 0

27cp 2 2 2 2 2 2 2 2 1.41 2 1.41 1.41 1.73 1.73 0 0 0 0 0

BPcp 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1 1.73 1 1 1.41 1.41 1 1 1 1 1 0

 
 

Unweighted pair-group average
Euclidean distances

27cp
26cp

25cp
24cp

22cp
Bp cp

12cp
16cp

14cp
13cp

21 cp
19cp

11cp
9cp

8cp
7cp

6cp
5cp

3cp
2 cp

0.0

0.5

1.0

1.5

2.0

Li
nk

ag
e 

D
is

ta
nc

e

 
Fig. 4.48:  Dandogram of 19 chickpea isolates derived from RAPD fingerprinting 
generated by two primers 
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A) 

 
B) 

 
 

C) 

 
Fig. 4.49: RAPD banding pattern of green pea soil isolates with RAPD primer (A) A5(B) 
E4 (C) F8. M = 100bp DNA ladder; Lane 1. 3gp, Lane 2. 7gp, Lane 3. 8gp, Lane 4. 9gp, Lane 5. 12gp, 
Lane 6.  18gp, Lane 7. 12gp, Lane  8. 18gp, Lane 9.  19gp, Lane 10. 23gp, Lane 11. 24gp, Lane 12. 26gp, 
Lane 13. 27gp, Lane 14. BPgp 



Chapter 4  Results 

 96

Table 4.30: Euclidean distances between 11 isolates and commercial strain of green pea 
for RAPD fingerprinting 

Isolates  3gp 7gp 8gp 9gp 12gp 18gp 19gp 23gp 26gp 27gp BPgp 
3gp 0           
7gp 1.2 0          
8gp 1.45 0.55 0         
9gp 1.32 0.37 0.29 0        

12gp 1.32 0.37 0.29 0 0       
18gp 1.2 1.2 0.55 0.37 0.37 0      
19gp 1.32 1.32 1 0.75 0.75 0.37 0     
23gp 1.32 0.37 0.29 0.75 0.75 1.32 1.5 0    
26gp 1.63 0.68 0.29 0.5 0.5 0.68 0.5 0.5 0   
27gp 1.45 0.55 0.67 0.29 0.29 0.55 0.29 1 0.29 0  
BPgp 1.2 0 0.55 0.37 0.37 1.2 1.32 0.37 0.68 0.55 0 
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Fig. 4.50: Dandogram of 11 green pea isolates and commercial strain derived 
from RAPD fingerprinting generated by three primers 
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                The RAPD banding patterns of green pea rhizobia generated by primers A5, E4, 

and F8 is shown in Fig. 4.49. Euclidean distances of RAPD analysis is listed in Table 

4.30.  

Hierarchal clusters of distance matrix for green pea nodulationg rhizobia are 

presented in the form of dandogram (Fig. 4.50). At the distance of 1, six clusters were 

obvious. Cluster 1 included single strain (24gp) possessing unique fragment of 490bps. 

Cluster 2 included two isolates that have 200bp and 380bp segments in common. Third 

cluster again encompassed two isolates possessing 200bp, 380bp and 450bp segments. 

Cluster 4 possessed two isolates that shared 450bp and 1000bp fragments. Cluster 5 

encompassed two isolates and check strain (BPgp) having 200bp and 450bp in common. 

Last cluster consist of single strain (3gp) that possessed unique band of 500bp. 

4.8. Symbiotic characterization 

4.8.1. Descriptive statistics 

Deferential growth responses observed for chickpea rhizobia are shown in Fig 

4.51 and variation in nodule size is given in Fig. 4.53.  

  Range for different growth parameters is compiled in Table 4.31. In chickpea, 

nodule number varied from 1.3 (14cp) to 9.7 (27cp). Mean nodule number was observed  

4.7 with 2.28ns standard deviation (f =0.074). Nodule size recorded from 1.6 mm (BPcp) 

to 6.4 mm (26cp), while mean value reached 4.03 mm and 1.12ns standard deviation (f 

=0.042). Nodule DW varied from 0.013 g (16cp)  to 1.03 g (19cp) and mean was recorded 

0.23 g and standard deviation was 0.13 ns (f =0.079). Root length ranged from 16.6 cm 

(6cp) to 27.6 cm (27cp) with 20.7 cm mean value and 4.16ns standard deviation (f 

=0.921). Root DW varied from 0.17 g (14cp) to 0.4 g (7cp) with 0.24 g mean value and 

0.16ns standard deviation (f =1.298). Stem length  was recorded from 23.3 cm (6cp, 26p) 

to 47.7 cm (8cp) with  36.7 cm mean and exhibited 8.33ns standard deviation (f =0.209). 

Shoot DW ranged from 1.45 g (2cp) to 2.3 g (7cp) with 1.82 g mean value and 0.15ns 

standard deviation (f=1.301). While total shoot nitrogen (%) was recorded from 11.08% 

(6cp)  to 13.92% (21cp) with 11.8% mean value and 1.2 standard deviation observed (f 

=0.004).  

Deferential growth responses observed for green pea rhizobia are given in Fig. 

4.52 and variation in nodule size is shown in Fig. 4.54.  

Range for different growth parameters is compiled in Table 4.32. Nodule number in green 

pea ranged from 3 (12gp) to 15 (3gp) with 15.05 mean value and exhibited 14.11ns 

standard deviation (f =0.795). Nodule size  varied from 0.33 mm (12gp) to 5.7 mm (3gp) 
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with 2.6 mean and exhibited 1.084ns standard deviation (f =0.053). Nodule DW was 

recorded from 0.02 g (12gp)  to 0.54 g (3gp) and mean was recorded 0.14 g and standard 

deviation was 0.144ns (f =1.519). Root length varied from 10 cm (23gp) to13.8 cm 

(BPgp). Mean root length was observed 12.4 cm with 1.86ns standard deviation (f 

=0.843). Root DW ranged from 0.04 g (3gp) to 0.56 g (26gp) with 0.21 g mean value and 

0.232ns standard deviation (f =1.963) was recorded. Stem length varied from 12.7 cm 

(3gp) to 19.97 cm (8gp) , while mean value reached 18.7 cm and 4.76ns standard deviation 

(f =0.375). Shoot DW was recorded from 0.08g (7gp) to 0.32g (18gp) with 0.26g mean 

value and 0.272ns standard deviation (f =1.452). Total shoot nitrogen (%) ranged from 

17.2 (7gp) to 19.9% (18gp) and mean value of 11.8 %and 1.82ns standard deviation (f 

=0.042). 

4.8.2. Correlation among symbiotic traits 

Working with chickpea isolates (Table 4.33) significant positive correlation was 

recorded among nodule number and nodule DW (0.965**). Nodule size exhibited positive 

correlation for nodule DW (0.358*) and negative association was observed for total shoot 

nitrogen (%) (-0.308*). Root DW was positively correlated with shoot dry weight (0.341). 

Root length showed positive association with stem length (0.308*). Shoot DW and stem 

length also exhibited positive correlation (0.378*). 

Investigation of green pea nodule isolates (Table 4.34) nodule number showed 

positive association with nodule DW (0.455**), root DW (0.346**), shoot DW (0.784**) 

and negative correlation was found with nodule size (-0.401**). Nodule size was 

positively correlated with total shoot nitrogen (0.369**). Nodule DW also positively 

associated with shoot DW (0.416*) and total shoot total nitrogen (0.374**). Root DW 

exhibited strong positive association with shoot DW (0.620**) and total shoot nitrogen 

(%). 

4.8.3. Relative effectiveness 

In order to screen most efficient symbiotic strains, soil isolates and check strain 

(BPcp) were compared with T(N) control which represented 100% of the shoot dry matter 

with 11.37% total shoot protein and T(0) control which represented 22% with 4.37 total 

shoot protein (Table 4.35). Most of the isolates showed a dry matter yield higher than 

T(0). Present work revealed that 21cp was the most efficient isolate with 98% dry matter 

yield and 14.25% total shoot protein and 16cp was the least efficient isolate with only 

22% relative effectiveness.    
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In case of green pea experiment T(N) control represented 100% of the shoot dry 

matter with 11.17 total shoot protein and T(0) control which represented 49% of shoot 

dry matter having 6.85% total shoot protein (Table 4.36). All of the isolates of green pea 

showed a dry matter yield higher than T(0). 

Present work revealed that 18gp and 26gp were the most efficient isolates with 

99% dry matter yield and 14.25%, 7.85% total shoot protein, respectively while 8gp was 

the least efficient isolate with only 57% dry matter and 8.8% total shoot protein. 

Therefore, four chickpea (21cp, 22cp, 26cp and 27cp) and five green pea (3gp, 12gp, 

24gp, 26gp and 27gp) isolates with better relative effectiveness (in comparison to T(N) 

control and commercial strain) and total shoot protein, optimum resistance against pH, 

temperature, salt and heavy metals were most suitable candidate inoculants for symbiotic 

nitrogen fixation and growth response under salt stress. 

4.9. Nodulation and growth of chickpea (Cicer arietinum L.) and green pea (Pisum 

sativum L.) under NaCl stress 

Mean and percent decrease in nodulation and growth caused by salt treatment to 

chickpea (Fig. 4.55) and green pea seedlings (Fig. 4.56) inoculated with isolated rhizobia 

was recorded for seven symbiotic traits.  

4.9.1. Nodule number/plant 

Nodule number of inoculated chickpea declined by 49.7% in comparison to no salt 

inoculated treatment (Table 4.37). Minimum reduction for nodule number/plant was 

recorded for 2cp (6.2%) followed; seven strains failed to develop symbiotic association 

(3cp, 5cp, 6cp, 11cp, 13cp, 14cp, 16cp). Maximum decline in nodule number was scored 

by 7cp (82.7%). Check strain BPcp showed 10.7% decrease in nodule number/plant. 

Nodule number reduced markedly (74.3%) for salt treatment green pea rhizobia in 

comparison to no salt treatment (Table 4.38). Minimum decline for nodule number/plant 

after salt treatment to green pea seedling was recorded for 8gp (46.1%) while maximum 

reduction was recorded for 27gp (82.3%). Check strain BPgp exhibit 26.6% reduction. 

Four strains failed to develop symbiotic associations (12gp, 18gp, 19gp, 23gp). 

4.9.2. Nodule size/plant (mm) 

Nodules size showed little bit more sensitivity towards salt treatment (51.8%) in 

comparison to their respective no salt treated seedling (Table 4.37). Minimum reduction 

for nodule size/plant after salt treatment was recorded for 2cp (8%) while maximum 

decrease was recorded for 19cp (50%). Check strain BPcp exhibit 11.2% decrease in 

nodule size/plant. Nodule size showed noticeable decline (43.4%) for green pea rhizobia 

in comparison to no salt inoculated treatment (Table 4.38). Minimum reduction for 

nodule size was recorded for 9gp (3.1%) and maximum reduction was scored for 24gp 

(21.9%). 13% decline was observed for nodule size/plant in check strain BPgp. 
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Fig. 4.51: Nodulation response of different chickpea isolates 
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Fig. 4.52: Nodulation response of different green pea isolates 

 
 
 

 
 

          Fig. 4.53: Variation of nodule size among chickpea rhizobia 
 
 

 
 

Fig. 4.54: Variation of nodule size among green pea rhizobia 
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 Table 4.31: Basic statistics and ANOVA for 8 symbiotic characters of chickpea rhizobia 
(n=3) 
 
Trait Minimum Maximum Mean ± SD. F value 

Nodule no. / plant 1.3 (14cp) 7.9 (27cp) 4.7±2.28 ns 0.074 

Nodule size / plant 1.6 (BPcp) 6.4 (26cp) 4.03±1.12 ns 0.042 

Nodule dry wt. / plant 0.01 (16cp) 1.03 (19cp) 0.23±0.13 ns 0.709 

Root length / plant  16.5 (6cp) 27.6 (27cp) 20.07±4.16 ns 0.921 

DW of roots / plant 0.17 (14cp) 0.4 (7cp) 0.24±0.16 ns 1.298 

Stem length / plant 23.3 (6cp, 26cp) 47.7 (8cp) 36.7±8.33 ns 0.209 

DW of shoots / plant 1.45 (2cp) 2.3 (7cp) 1.82±0.15 ns 1.301 

Total shoot nitrogen / plant (%) 10.5 (7cp, 8cp, 9cp, 12cp)  13.92 (21cp) 11.8 ±1.20 ns 0.004 

 (SD. = Standard deviation, ns= non significant) 

 
 
Table 4.32: Basic statistics and ANOVA for 8 symbiotic characters of green pea rhizobia 
(n = 3) 
 
 Trait Minimum Maximum Mean ± SD. F value 

Nodule no. / plant 3.0 (12gp) 51 (3gp) 15.05±14.11 ns 0.795 

Nodule size / plant 0.33 (12gp) 5.7 (3gp) 2.6±1.084 ns 0.053 

Nodule dry wt. / plant 0.02 (12gp) 0.54 (3gp) 0.14±.144 ns 1.519 

Root length / per plant 10 (23gp) 13.8 (BPgp) 12.4±1.86 ns 0.843 

DW of roots / plant 0.04 (3gp) 0.56 (26gp) 0.21±.232 ns 1.963 

Stem length / per plant 17.2 (7gp) 19.9 (18gp) 19.27±4.76 ns 0.375 

DW of shoots / plant 0.08 (7gp) 0.32 (18gp) 0.266±.272 ns 1.452 

Total shoot nitrogen / plant (%) 12.7 (3gp) 19.97 (8gp) 18.7±1.82 ns 0.042 

 (SD. = Standard deviation, ns= non significant) 

Table 4.33: Correlation coefficients between 8 symbiotic characters of chickpea rhizobia 
 

Trait (1) (2) (3) (4) (5) (6) (7) (8) 
Nodule no. / plant (1) 1        

Nodule size/ plant (mm) (2) 0.363* 1       

Nodule dry wt. / plant (g) (3) 0.965** 0.358* 1      

DW of roots / plant (g) (4) -0.041 0.026 -0.025 1     

Root length/ plant (cm)  (5) 0.028 0.029 0.081 -0.222 1    

DW of shoots / plant (g) (6) 0.042 -0.021 0.005 0.341* -0.033 1   

Stem length / plant  (cm ) (7) -0.078 -0.079 -0.049 -0.110 0.308* 0.378* 1  

Total shoot nitrogen/plant (%) (8) -0.154 -0.308* -0.142 -0.093 0.232 -0.034 0.210 1 

 (** = P<0.01, *=  P<0.05, df=21) 
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Table 4.34: Correlation coefficients between 8 symbiotic characters of green pea rhizobia 
 
Trait (1) (2) (3) (4) (5) (6) (7) (8) 

Nodule no. / plant (1) 1        

Nodule size (mm) (2) -0.401** 1       

Nodule dry wt. / plant (g) (3) 0.455** 0.114  1      

DW of roots / plant (g) (4) 0.346** 0.196  0.112  1     

Root length / plant  (cm)  (5) 0.093 -0.226  -0.039 0.089  1    

DW of shoots  /plant (g) (6) 0.784** -0.054  0.416** 0.620** -0.012  1   

Stem length / plant  (cm ) (7) -0.195  0.180  0.145 -0.382** 0.186  -0.086  1  

Total shoot protein / plant (%) (8) 0.156  0.369** 0.374** 0.263* -0.017 0.129 -0.140 1 

 (* =P<0.01, *=  P<0.05, df=21) 

 

Table 4.35: Relative effectiveness (%) and total shoot nitrogen (%) of Pakistani chickpea 
rhizobia 

Isolate Relative effectiveness (%) Total shoot nitrogen (%) 

T(0) 22 4.37

16cp 22 11.21 

6cp 25 11.37 

2cp 28 12.25 

11cp 29 12.25 

BPcp 32 11.37 

27cp 36 12.97 

12cp 39 10.5 

14cp 42 12.25 

9cp 44 10.5 

22cp 46 13.27 

8cp 49 10.5 

19cp 52 12.25 

24cp 52 12.25 

25cp 54 11.37 

3cp 57 12.25

5cp 57 13.07 

7cp 69 10.5

26cp 69 12.37 

13cp 71 12.25 

21cp 98 13.92 

T(N) 100 11.37 
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Table 4.36: Relative effectiveness (%) and crude protein (%) of Pakistani green pea  
rhizobia 
Isolate Relative effectiveness (%) Total shoot nitrogen (%) 

T(0) 49 6.85 

8gp 57 8.80 

9gp 67 10.53 

23gp 76 7.13 

3gp 79 12.70 

27gp 80 8.72 

7gp 82 12.23 

BPgp 86 9.28 

24gp 88 9.27 

12gp 98 8.67 

19gp 98 11.50 

26gp 99 7.85

18gp 99 7.96 

T(N) 100 11.17 
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4.9.3. Nodule DW/plant (g) 

Salt application adversely affects mean nodule DW/plant in chickpea by 74.1% 

(Table 4.37). Minimum decline for nodule dry weight/plant was observed in 8cp (20.4) 

and maximum in 21cp (94.6%). 25% decrease was observed in check strain BPcp.  

Nodule DW also reduced moderately (37.1%) for green pea rhizobia (Table 4.38). 

Minimum decrease for nodule dry weight was recorded for 8gp (25.7%) and maximum 

was observed in 3gp (82.7%). 25.8% decrease in nodule DW/plant was observed in BPgp.  

4.9.4. Root length/plant (cm) 

Salt treatment causes marked decrease (58.4%) in mean root length in chickpea 

(Table 4.39). Minimum reduction for root length/plant was recorded for 8cp (1.7%) while 

maximum decrease in root length was observed in 9cp (97.8%). Root length of BPcp was 

declined by 17.8% and in T(N) control up to 38%.  

Root length was decreased (43.4%) for green pea rhizobia (Table 4.40). Minimum 

decrease for root length/plant was observed in 8gp (2.9%) and maximum in 12gp 

(62.5%). Mean root length for check strain BPcp was reduced 25.85% and 1.9% for T(N) 

control.  

4.9.5. Root DW/plant (mm) 

Over all 23.8% reduction was recorded for mean root DW in inoculated chickpea 

seedlings subjected to salt stress (Table 4.39). Minimum decrease for root dry weight of 

chickpea rhizobia was recorded for 25cp (1.7%) and maximum was observed in 7cp 

(94.2%). 70.6% decrease in root DW/plant was observed in BPcp. 3.3% reduction was 

recorded in case of T(N) control.  

Root DW showed decreased by (40.8 %) in salt treated green pea seedlings in 

comparison to their respective no salt treated seedling (Table 4.40). Minimum reduction 

for root dry weight/plant was recorded for 12gp (6.02%) while maximum decrease in root 

dry weight was observed in 26gp (85.9%). Root dry weight of BPcp declined 42.3% and 

in T(N) control up to 6.2%. 

4.9.6. Shoot length/plant (cm) 

Moderate decrease (26.04%) was observed for mean shoot length or chickpea 

seedlings with salt application (Table 4.41). Minimum decrease for in shoot length in 

chickpea seedling inoculated with isolated rhizobia was found in 26cp (12.3%) and 

maximum was observed in 22cp (40%). Root length of BPcp declined 25.3 % while T(N) 

control exhibited 42.1% decrease. Mean shoot length declined by 35.2% in case of green 

pea (Table 4.42). Minimum reduction for shoot length was recorded for 8gp (3.4%) and 
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maximum decline was observed for 3gp (36.5%). BPgp exhibited 14.9% decrease while 

T(N) control under go 23.6% reduction. 3gp, 26gp and 27gp were the best that attain less 

reduction in shoot dry weight as compare to check strain. 

4.9.7. Shoot DW/plant (mg)  

Chickpea seedlings exhibited 26.15% decrease for shoot DW when subjected to 

salt stress (Table 4.41). Minimum reduction for shoot dry weight/plant was recorded for 

2cp (11.2%) and maximum decline was observed for 16cp (49.8%). BPcp exhibited 

17.2% and T(N) control 17.3% decrease. Two isolates (2cp and 13cp) were the best that 

attain less reduction in shoot dry weight as compare to check strain. 

Salt application adversely affected mean shoot DW of green pea by 88.14% 

(Table 4.42). Minimum decrease for shoot dry weight/plant in green pea seedling 

inoculated with isolated rhizobia was found in 3gp (1.8%) and maximum was observed in 

26gp (72.8%). Shoot length of BPcp was lessened 46% while T(N) control exhibited 

9.9% decrease.  

4.9.8. Total shoot nitrogen and nitrogenase assay 

In rhizobium-legume symbioses, both the plant root cells in the infection zone and 

the bacteria undergo marked biochemical and physiological changes. These changes 

occurred mainly in total shoot protein concentrations and the synthesis of proteins 

required for symbiotic functioning, such as nitrogenase. 

4.9.8.1. Total shoot nitrogen 

Over all 29.8% reduction was recorded for total shoot nitrogen in salt treated 

chickpea seedlings (Table 4.43). Minimum decrease for total shoot nitrogen/plant was 

found in 11cp (18.4%) and maximum was observed in 27p (44.2%). Total shoot nitrogen 

of BPgp was decreased 23.1 % while T(N) control exhibited 9.9% decrease.  

Over all mean total shoot nitrogen in green pea seedling inoculated with isolated 

rhizobia reduced by 19.4% (Table 4.44). Minimum decrease was found in 12gp (8.8%) 

and maximum was observed in 7gp (66.1%). BPgp exhibited 25.8 % decline where as 

T(N) control was subjected to 21.6% reduction. 

4.9.8.2. Nitrogenase activity 

Change in nitrogenase activity under salt stress was recorded for seven chick pea 

isolates (Fig. 4.57 to 4.63). Mean nitrogenase activity decreased considerably (71.6%) in 

salt treated chickpea seedlings in comparison to no salt treated seedlings (Table 4.43). 

Minimum decrease in nitrogenase activity was recorded for 14cp (45.50%) (Fig. 4.57) 

followed by 27cp (59.49%) (Fig. 4.61) and maximum decline was observed in 22cp 
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(89.20%) (Fig.  4.59). Nitrogenase activity was inhibited 78.96% in BPcp (Fig. 4.62). 

Nitrogenase inhibition was increased to 88.74% in T(N) control chickpea seedlings (Fig. 

4.63). All the strains except 22cp performed better than check strain. 

Change in nitrogenase activity under salt stress was recorded for six green pea 

isolates (Fig. 4.64 to 4.69). Over all nitrogenase activity was reduced by 55.9% (Table 

4.44). Among four strains minimum reduction was exhibited by 8gp (43.93%) (Fig. 4.64) 

and maximum was observed for 3gp (71.8%) (Fig. 4.64). Check strain BPgp showed 

27.94% reduction in nitrogenase activity (Fig. 4.68). T(N) control was subjected to 

82.75% decline in nitrogenase activity (Fig. 4.69). No strain performed better than check 

strain.  

4.9.9. Leaf chlorophyll content 

Chlorophyll a and b content was also recorded under normal and salt treatment for 

both the crops. Reduction in chlorophyll a and b in chickpea seedlings inoculated with 

selected isolated strains, check strain and Nitrogen control is presented in Table 4.45. 

Mean decrease in chlorophyll a in chickpea seedling was 29.7%. All the tested strains 

showed 22.02% decrease in chlorophyll a except most sensitive isolate 13cp with 68.56% 

reduction. Mean decrease in chlorophyll b in chickpea seedling was 10.7%. In case of 

chlorophyll b content again all the isolates, check strain and nitrogen control T(N) 

treatment declined 5.71%. 13cp exhibited maximum reduction (36.14%) in chlorophyll b. 

Reduction in chlorophyll a and b in green pea seedlings inoculated with selected 

isolated strains is presented in Table 4.46. Mean decrease in chlorophyll a in green pea 

seedlings was 30.5%. Minimum change in chlorophyll a contents was observed for 27gp 

strain (26.6%) and maximum in 23gp (80.7) and no change was observed for 24gp. In 

check strain BPgp chlorophyll a level declined 26% and reduction for nitrogen control 

was 20%. 

Mean decrease for chlorophyll b in green pea seedling was 26.4%. Minimum 

change in chlorophyll b content was observed for 26gp strain (14.9%) and maximum in 

23gp (46.7%). In check strain BPgp chlorophyll b level declined 20.8% and reduction for 

nitrogen control was 25%. 
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Fig. 4.55: Effect of different isolated rhizobia on growth of chickpea seedling under  
0 mM (27cp, 26cp, 22cp, 13cp, BPcp) and 300 mM (27cp, 26cp, 22cp, 13cp, BPcp) salt 
treatment against nitrogen control T(N) and no salt control T(0)  
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Fig. 4.56: Effect of different isolated rhizobia on growth of green pea seedling under  
0 mM (27gp, 23gp, 24gp, BPgp) and 300 mM (27gp, 23gp, 24gp, BPgp) salt treatment 
against nitrogen control T(N) and no salt control T(0) 
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Table 4.37: Effect of salt on mean nodule number, nodule size and nodule dry weight on 
chickpea inoculated with isolated rhizobia (n=3) 

 
 Nodule  number Nodule  size (mm) Nodule DW (mg) 

Isolates  0 mM 300 mM % decrease 0 mM 300 mM % decrease 0 mM 300 mM % decrease 

2cp 7.4 7 6.2 5 4.6 8 0.06 0.02 65 
3cp 1.5 0 100 4.6 0 100 0.38 0 100 
5cp 2.4 0 100 3.8 0 100 0.37 0 100 
6cp 3.06 0 100 4.1 0 100 0.42 0 100 
7cp 7.5 1.3 82.2 3.2 2.1 35 0.08 0.05 87.5 
8cp 6.9 5 27.8 4.1 2.3 38.7 0.11 0.06 20.4 
9cp 3.8 1.3 65.2 4.2 2.5 46.8 0.11 0.02 82.9 

11cp 2.5 0 100 3.8 0 100 0.03 0 100 
12cp 5.1 2.3 54.2 4.4 3.06 21.3 0.43 0.05 60.5 
13cp 3.1 0 100 4 0 100 0.32 0 100 
14cp 1.3 0 100 3.6 0 100 0.06 0 100 
16cp 2.7 0 100 2.8 0 100 0.01 0 100 
19cp 8.5 6 29.4 4.1 1.6 50 1.03 0.09 72.6 
21cp 4.6 3.6 22.8 4.8 2.6 49.0 0.85 0.07 94.6 
22cp 4.43 3.7 16.5 4.1 2.8 27.5 0.43 0.06 71.2 
24cp 5.06 3.15 37.8 4.9 3.3 32.2 0.37 0.05 85.1 
25cp 7.05 5.06 28.1 5.1 4.1 7.4 0.08 0.05 87.5 
26cp 7 5.6 19.0 6.4 4.4 31.2 0.08 0.04 41.6 
27cp 7.9 5.36 32.3 5.3 4.6 29.2 0.10 0.05 62.2 
BPcp 6.8 6.1 10.7 1.6 1.2 11.2 0.13 0.07 25 
T(N) 0 0 0 0 0 0 0 0 0 
Mean - - 49.7 - - 51.8 - - 74.1 

(-=not detected) 
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Table 4.38: Effect of salt on mean nodule number, nodule size and nodule dry weight on 
green pea inoculated with isolated rhizobia (n=3) 
 
 Nodule number  Nodule  size (mm) Nodule  DW (mg) 
Isolates 0 mM 300 mM % decrease 0 mM 300 mM % decrease 0 mM 300 mM % decrease 

3gp 51.3 22 57.1 3.1 2.4 21.5 0.54 0.09 82.7 

7gp 11.6 2.3 80 2.9 2.4 18.1 0.10 0.03 66.2 

8gp 4.3 2.3 46.1 2.4 2.1 13.6 0.03 0.02 25.7 

9gp 10.3 4.6 54.8 3.1 3.03 3.1 0.05 0.02 57.6 

12gp 3 0 100 2.1 0 100 0.02 .001 100 

18gp 13 0 100 2.7 0 100 0.17 .002 100 

19gp 8.3 0 100 3.6 0 100 0.05 .001 100 

23gp 26 0 100 2.6 0 100 0.25 .001 100 

24gp 7.3 2.3 68.1 2.4 1.9 21.9 0.09 0.03 68.8 

26gp 18.6 4.4 76.4 2.2 1.9 14.9 0.17 0.05 69.5 

27gp 30.6 5.4 82.3 1.8 1.5 14.5 0.23 0.04 81.7 

BPgp 11 8.06 26.6 2.3 2 13.0 0.09 0.07 25.8 

T(N) 0 0 - 0 0 - 0 0 - 

Mean - - 74.3 - - 43.4 - - 73.1 

(-=not detected) 
 
 
Table 4.39: Effect of salt on mean root length and root dry weight on chickpea inoculated 
with isolated rhizobia (n=3) 
 
 Root length (cm) Root DW (mg) 
Isolates 0 mM 300 mM % decrease 0 mM 300 mM % decrease 

2cp 25.6 20.16 27.2 0.19 0.07 64.4 

3cp 24.6 20.6 19.3 0.22 0.03 85.1 

5cp 18 31.3 6.01 0.23 0.18 20.2 

6cp 20 16.5 21.2 0.18 0.12 33.0 

7cp 28 15.8 76.8 0.40 0.02 94.2 

8cp 28.5 28 1.7 0.34 0.02 92.2 

9cp 30.3 15.3 97.8 0.23 0.02 88.4 

11cp 25.6 24.8 3.2 0.19 0.03 81.0 

12cp 29 21.6 34.1 0.19 0.07 61.0 

13cp 31.6 18.91 67.4 0.34 0.05 84.4 

14cp 21.6 15.33 41.3 0.17 0.04 73.5 

16cp 22.3 16.33 36.7 0.18 0.08 51.8 

19cp 23.3 20.5 13.8 0.21 0.03 83.2 

21cp 21.6 19.86 9.0 0.30 0.06 79.3 

22cp 23.6 22.53 5.0 0.26 0.03 87.1 

24cp 24 20 20 0.18 0.11 35 

25cp 24.3 21.1 15.3 0.19 0.19 1.7 

26cp 24.3 23.53 3.3 0.54 0.31 41.3 

27cp 27.66 22.6 3.01 0.21 0.19 7.8 

BPcp 22 18.66 17.8 0.25 0.07 70.6 

T(N) 16.66 23 38 0.11 0.11 3.3 
Mean - - 58.4 - - 23.8 

(-=not detected) 
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Table 4.40: Effect of salt on mean root length and root dry weight on green pea 
inoculated with isolated rhizobia (n=3) 
 
 Root length (cm) Root DW (mg) 

Isolates 0 mM 300 mM % increase 0 mM 300 mM % decrease 
3gp 14.8 13.3 11.5 0.04 0.03 36.2 
7gp 14.4 13.0 11.0 0.19 0.09 52.0 
8gp 11.6 11.3 2.9 0.31 0.07 77.5 
9gp 16.8 13.1 27.8 0.37 0.29 21.5 

12gp 18.9 11.6 62.5 0.06 0.05 6.02 
18gp 17.03 14.6 16.1 0.21 0.16 22.7 
19gp 13 11.6 11.4 0.07 0.02 62.3 
23gp 13.3 10 33.3 0.08 0.03 64.9 
24gp 14 12.3 13.5 0.33 0.25 22.0 
26gp 14.1 11.6 21.4 0.56 0.07 85.9 
27gp 12.8 11.16 14.9 0.26 0.08 67.6 
BPgp 14.2 13.8 2.6 0.13 0.07 42.3 
T(N) 14.2 14 1.9 0.08 0.07 6.2 
Mean - - 16.9 - - 40.8 

(-=not detected) 
 
 
 
Table 4.41: Effect of salt on mean shoot length and shoot dry weight on chickpea 
inoculated with isolated rhizobia (n=3) 
 

 Shoot length (cm) Shoot DW (mg) 

Isolates 0 mM 300 mM % decrease 0 mM 300 mM % decrease 

2cp 35.6 28.3 20.5 1.45 1.29 11.2 

3cp 37 27 27.0 2.12 1.42 32.9 

5cp 37 30 18.9 1.75 1.33 24 

6cp 32.3 23 28.8 1.58 1.28 19.3 

7cp 33.5 25.6 23.5 2.30 1.47 36.0 

8cp 47.7 29.6 37.8 1.86 1.46 21.4 

9cp 39.3 29.6 24.5 1.74 1.41 19.2 

11cp 38.6 31.6 18.1 2.17 1.34 37.9 

12cp 35.8 24 33.0 1.58 1.36 13.8 

13cp 38.7 29 25.0 1.63 1.36 16.3 

14cp 30 24.3 18.8 2.08 1.40 32.5 

16cp 38.3 33 13.9 2.52 1.26 49.8 

19cp 40.3 24.3 39.6 2.04 1.42 30.6 

21cp 30.7 24.6 19.7 1.76 1.37 22.4 

22cp 40.3 23.8 40.9 2.08 1.36 34.0 

24cp 41.3 26.6 35.4 2.03 1.41 30.6 

25cp 40.6 31.3 22.8 1.94 1.38 28.8 

26cp 32.3 28.3 12.3 1.46 1.02 30.4 

27cp 38.6 26.6 31.0 1.60 1.04 35.2 

BPcp 36 25.3 29.6 1.62 1.34 17.2 

T(N) 27.6 16 42.1 0.94 0.83 11.3 

Mean - - 23.73 - - 26.15 

(-=not detected) 
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Table 4.42: Effect of salt on mean shoot length and shoot dry weight on green pea 
inoculated with isolated rhizobia (n=3) 
 
 Shoot length (cm) Shoot DW (mg) 
Isolates 0 mM 300  mM % decrease 0 mM 300  mM % decrease 

3gp 27.6 17.5 36.5 0.28 0.2 1.8 

7gp 27.6 24.1 12.8 0.24 0.2 11.4 

8gp 28 27.03 3.4 0.39 0.2 38.7 

9gp 29.5 24.6 16.3 0.46 0.3 28.2 

12gp 28.6 25.6 10.3 0.68 0.3 43.6 

18gp 34 31.6 6.8 0.96 0.8 15.7 

19gp 28.3 26.0 8 0.68 0.3 55.2 
23gp 28 26.1 6.5 0.52 0.3 40.2 
24gp 30.6 27.9 9.0 0.61 0.2 52.2 

26gp 27.3 21 23.1 0.95 0.2 72.8 

27gp 29.8 23.8 20.1 0.87 0.2 70.5 

BPgp 29 24.6 14.9 0.60 0.3 46.0 

T(N) 36.6 28 23.6 0.69 0.6 9.9 

Mean - - 35.2 - - 88.1 

(-=not detected) 
 
 
Table 4.43: Effect of Salt on mean total shoot nitrogen and nitrogenase activity on 
chickpea inoculated with isolated rhizobia (n=3) 
 
 

 
Total shoot nitrogen 

(%) 
Nitrogenase activity 

(μM/plant/h) 
Isolates 0 mM 300  mM % decrease 0 mM 300  mM % decrease 

2cp 12.1 8.9 26.2 - - - 

3cp 12.2 8.8 27.6 - - - 

5cp 12.9 10.5 18.9 - - - 

6cp 11.0 7.8 29.0 - - - 

7cp 11.1 7.1 36.1 - - - 

8cp 10.5 6.8 34.6 - - - 

9cp 11.0 5.8 47.6 - - - 

11cp 11.6 9.5 18.4 - - - 

12cp 11.1 7.3 34.4 - - - 

13cp 12.2 9.2 24.3 - - - 

14cp 12.8 9.4 26.1 0.21 0.11 45.50 

16cp 12.25 7.5 38.7 0.98 0.25 75.02 

19cp 12.9 8.7 32.2 - - - 

21cp 13.9 8.7 37.1 - - - 

22cp 12.9 8.7 32.2 0.47 0.05 89.20 

24cp 11.6 8.7 24.9 - - - 

25cp 11.7 8.7 25.0 - - - 

26cp 12.5 7.8 37.4 0.98 0.35 64.33 

27cp 12.7 7.1 44.2 0.25 0.10 59.49 

BPcp 11.3 8.7 23.1 0.89 0.19 78.96 

T(N) 7.5 7.0 7.2 0.88 0.10 88.74 

Mean - - 29.8 - - 71.6 

(-= not detected)



Chapter 4  Results 

 114

A)  B) 

            
               
Fig. 4.57: Chromatograph and Mass spetrophorogram of 14cp showing nitrogenase activity in 
no salt (A) and (B) salt treatment 
 
A)  B) 

Fig. 4.58: Chromatograph and Mass spetrophorogram of 16cp showing nitrogenase activity in 
no salt (A) and (B) salt treatment 
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A)  B) 

 
Fig. 4.59: Chromatograph and Mass spetrophorogram of 22cp showing nitrogenase activity in 
no salt (A) and (B) salt treatment 
A)  B) 

Fig. 4.60: Chromatograph and Mass spetrophorogram of 26cp showing nitrogenase activity in 
no salt (A) and (B) salt treatment 
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A)  B) 

Fig. 4.61: Chromatograph and mass spetrophorogram of 27cp showing nitrogenase activity 
no salt (A) and (B) salt treatment 

 
A)  B) 

Fig. 4.62: Chromatograph and Mass spetrophorogram of BPcp showing nitrogenase activity 
in no salt (A) and (B) salt treatment 
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A)  B) 

Fig. 4.63: TN Chromatograph and Mass spetrophorogram of T (N) cont. showing nitrogenase 
activity in no salt (A) and (B) salt treatment 
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Table 4.44: Effect of salt stress on mean total shoot nitrogen and nitrogenase activity in green 
pea soil isolates (n=3) 
 

 
Total shoot nitrogen 

(%) 
Nitrogenase activity 

(μM/plant/h) 
Isolates 0 mM 300 mM % decrease 0 mM 300 mM % decrease 

3gp 12.7 10.5 53.0 0.87 0.24 71.8 
7gp 12.2 9.5 66.1 0.98 0.36 63.35 
8gp 8.8 7.5 43.5 0.35 0.19 43.93
9gp 42.3 9.6 27.7 0.24 0.13 46.47 
12gp 8.6 7.9 8.8 - - - 
18gp 7.9 7.8 58.6 - - - 
19gp 11.5 8.7 47.3 - - - 
23gp 7.1 7 55.1 - - - 
24gp 9.2 8.7 39.8 - - - 
26gp 7.8 7.3 12.8 - - - 
27gp 8.7 7.1 29.6 - - - 
BPgp 9.2 7.3 25.8 0.48 0.35 27.49 
T(N) 11.1 7.06 21.6 0.98 0.16 82.75 
Mean - - 19.4 - - 55.9 

(-= not reored) 

A)  B) 

 
Fig. 4.64: Chromatograph and mass spetrophorogram of 3gp showing nitrogenase activity in 
no salt (A) and (B) salt treatment 
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A)  B) 

Fig. 4.65: Chromatograph and mass spetrophorogram of 7gp showing nitrogenase activity in 
no salt (A) and (B) salt treatment 
 
A)  B) 

Fig. 4.66: Chromatograph and mass spetrophorogram of 8gp showing nitrogenase activity in 
no salt (A) and (B) salt treatment 
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A)  B) 

Fig. 4.67: Chromatograph and mass spetrophorogram of 9gp showing nitrogenase activity in 
no salt (A) and (B) salt treatment 
 
A)  B) 

Fig. 4.68: Chromatograph and mass spetrophorogram of BPgp showing nitrogenase activity 
in no salt (A) and (B) salt treatment 
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A)  B) 

Fig. 3.69: Chromatograph and mass spetrophorogram of T(N) cont. showing nitrogenase 
activity in no salt (A) and (B) salt treatment 
 
Table 4.45: Effect of salt on mean leaf chlorophyll (a and b) content of chickpea inoculated 
with isolated rhizobia (n=3) 
 Chlorophyll a (mg g-1 FW) Chlorophyll b (mg g-1 FW) 

Isolates 0 mM 300 mM % decrease 0 mM 300 mM % decrease 

2cp - - - - - - 
3cp - - - - - - 
5cp - - - - - - 
6cp - - - - - - 
7cp - - - - - - 
8cp - - - - - - 
9cp - - - - - - 

11cp - - - - - - 
12cp - - - - - - 
13cp 0.183667 0.057743 68.56 0.605033 0.386353 36.14 
14cp - - - - - - 
16cp - - - - - - 
19cp - - - - - - 
21cp 0.256833 0.200267 22.02 0.786067 0.741133 5.71 
22cp - - - - - - 
24cp - - - - - - 
25cp - - - - - - 
26cp 0.085611 0.066756 22.02 0.262022 0.247044 5.71 
27cp 0.028537 0.022252 22.02 0.087341 0.082348 5.71 
BPcp 0.009512 0.007417 22.02 0.029114 0.027449 5.71 
T(N) 0.003171 0.002472 22.02 0.009705 0.00915 5.71 

Mean - - 29.7 - - 10.7 
( - = not recorded) 
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Table 4.46: Effect of salt on mean leaf chlorophyll (a and b) content of green pea inoculated 
with isolated rhizobia (n=3) 
 

 Chlorophyll a (mg g-1 FW) Chlorophyll b (mg g-1 FW) 
Isolates 0 mM 300 mM %decrease 0 mM 300 mM % decrease 

3gp - -  - - - 
7gp - -  - - - 
8gp - -  - - - 
9gp - -  - - - 
12gp - -  - - - 
18gp - -  - - - 
19gp - -  - - - 
23gp 0.52 0.1 80.7 0.77 0.41 46.7 
24gp 0.34 0.34 0 0.84 0.65 29.2 
26gp 0.31 0.22 29.7 0.67 0.57 14.9 
27gp 0.3 0.22 26.6 0.73 0.57 21.9 
BPgp 0.1 0.07 26 0.24 0.19 20.8 
T(N) 0.03 0.02 20 0.08 0.06 25 
Mean - - 30.5 - - 26.4 

( - = not recorded) 
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4.11. Soluble protein and antioxidant enzyme assay of chickpea nodules  

Salt stress induced different responses in soluble protein and most of the 

antioxidant enzymes. 

4.11.1. Soluble protein 

Proteins have direct connection with the phenomena of life. Proteins expression 

corresponds to the activities of organism in a particular phase of life in a given 

environmental condition. 

Over all total nodule soluble proteins were decreased considerably (47.47%) for 

chickpea rhizobia with 300 mmol NaCl treatment. Under 0 mmol NaCl treatment 

chickpea isolates exhibited 0.851±4.300 (mg/mg tissue weight) mean and standard 

deviation, respectively while, mean under salt treatment was 0.437 (mg/mg tissue weight) 

with and standard deviation 9.6 (Table 4.47). In no salt treated nodules soluble protein 

expression exhibited 18.76 variances that were increased to 92.6 in salt treated nodules. 

Minimum decrease for total nodule soluble protein was observed in seedlings inoculated 

with 2cp (9.5%) and maximum decrease was observed in 25cp (98%) (Table 4.49). 

Nodular soluble protein content was decreased by 93.84% due to salt stress 

applied to green pea seedling in comparison to no salt treatment (Table 4.48). In no salt 

treated nodule soluble protein score was 2.01±0.599 (mg/mg tissue weight) in comparison 

to 0.12±0.130 (mg/mg tissue weight) recorded for salt treated nodules. Variance for 

soluble protein content in no salt treated nodules (0.359) also decreased noticeably 

(0.017) in salt treated nodules. The minimum inhibition of soluble protein was recorded 

in seedling inoculated with 7gp (79.62%) and maximum inhibition of soluble protein was 

observed in 19gp (96.03%) (Table 4.50). 

4.11.2. Nodular antioxidant enzyme 

The critical problem of oxygen toxicity for nitrogen-fixing organisms is caused by 

oxygen radicals and peroxides. Legume nodules have a high potential for producing toxic 

oxygen species. The significance of these salt-induced antioxidant plant systems is yet 

less studied. 

4.11.3. Catalase activity (CAT) 

Nodular CAT activity also decreased by 71.06% in salt treated chickpea nodules 

(Table 4.47). For no salt treated nodules mean and standard deviation values were 6.87 ± 

4.35 (U/min-1) and in salt treated nodules mean and standard deviation values were 6.26 ± 

8.8  (U/min-1). Variance for CAT activity in no salt treated nodules (4.35) also increased 

noticeably (50.6) in salt treated nodules (Table 4.47).  
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Minimum reduction for CAT activity was recorded in seedling of chickpea 

inoculated with 26cp (38%) and maximum values were observed in 25cp (94%) (Table 

4.49). 

CAT activity account for over all 50.62% reduction in salt treated nodules of 

green pea. Mean and standard deviation values for catalase activity in no salt treated 

nodules was 7.09 ± 3.4 (U/min-1) that is decreased to 3.62±2.15  (U/min-1) in salt treated 

nodules of green pea soil isolate. Variance for no salt treated nodules (9.8) also deceased 

in salt treated nodules to 4.6 (Table 4.48). Minimum decrease for CAT in was observed in 

seedling inoculated with 24gp (27.78%) and maximum was reduction was recorded for 

23gp (95.01%) (Table 4.50).  

4.11.4. Ascorbate peroxidase activity (APX)  

Total nodular APX activity showed decrease (57.22%) under salt treatment in case 

of chickpea rhizobia. In no salt treated nodules, mean and standard deviation values of 

APX was 11.51 and 4.7 (µmol / mg-1 pro) respectively; in case of salt treated nodules 

APX activity decreased to 6.26±8.8 (µmol / mg-1 pro), respectively. Variance in APX 

activity in no salt treated nodules was recorded 32.0; while it increased to 78.4 in salt 

treated nodules (Table 4.47). Minimum decrease for APX was recorded in seedling 

inoculated with 21cp (31.16%) and maximum in 5cp (87.8%). In T(N) control it was 

decreased (12%) (Table 4.49). 

Over all, APX activity was reduced 83.5% in green pea nodules. APX expression 

varied from 52.54±21.4 (µmol / mg-1 pro) (no salt treated nodules) to 6.21±3.80 (µmol / 

mg-1 pro) (salt treated nodules). Variance observed for no salt treated nodules was 

459.109 and 14.45 for salt treated nodules (Table 4.47). Minimum APX defense activity 

was observed in seedling inoculated with 9gp (26.7%) and maximum was recorded for 

3cp (99.61%) under 300 mmol NaCl treatment (Table 4.50). 

4.11.5. Peroxidase activity (POD) 

POD activity increased under salt stress (26.97%) among chickpea rhizobia. In no 

salt treated nodules POD activity was found to be 22.71± 10.6 (U/min-1) where as for salt 

treated nodules it over expressed up to 29.11±14.4 (U/min-1). POD activity account 

for114.48 variance in no salt treated nodules while it increased to 207.5 in salt treated 

nodules (Table 4.47). Minimum increase for POD was recorded in seedling inoculated 

with 2cp (0.05%) and maximum in 9cp (93.6 %) (Table 4.51). 

POD content increased 128.27% due to 300 mmol NaCl treatment to green pea 

seedling inoculated with isolated rhizobia. In no salt treated nodules SOD score was 
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14.06±9.13 (U/min-1) in comparison to 22.91±10.8 (U/min-1) recorded for 300 mmol 

NaCl treatment with variance of 83.4 (no salt treated nodules) to 118.2 (salt treated 

nodules) (Table 4.48). The minimum over expression of POD with salt stress was 

recorded in 18gp (140.70%) and maximum increase for POD was observed in 27gp 

(820.64%) (Table 4.52). 

4.11.6. Superoxide dismutase (SOD)  

Mean along with standard deviation and percent increase are compiled in Table 

4.47 for chickpea soil isolate. Nodular SOD activity is over expressed (21.96%) in salt 

treated chickpea seedling. The mean and standard deviation values for no salt treated 

nodules were recorded 22.28±1.08 (50% inhibition of NBT); on the other hand in salt 

treated nodules it was enhanced to 27.29±3.5 (50% inhibition of NBT). SOD activity 

exhibited 1.17 variances in no salt treated nodules while it was increased to 132.45 in salt 

treated nodules. Minimum SOD activity was observed for seedling inoculated with 2cp 

(8.3%) and maximum for 21cp (58.2%) (Table 4.51). 

Mean, standard deviation, variance and percent increase are compiled in Table 

4.48 for green pea soil isolate. Nodular SOD activity was over expressed (14.07%) in salt 

treated green pea seedlings. The mean and standard deviation values for salt treated 

nodules were recorded to15.06±2.04 (50% inhibition of NBT) on the other hand in salt 

treated nodules slight increase was recorded 15.96±2.29 (50% inhibition of NBT). 

Variances for no salt treated nodules were 4.1 and were increased in salt treated nodules 

to 5.25. Minimum SOD activity was observed for 19gp (0.25 %) and maximum for 12gp 

(54.57 %) and for BPgp (4.3%) (Table 4.52). 

4.11.7. Reduced glutathione assay  

Glutathione activity exhibited marked increase (198.42%) by NaCl treatment in 

chickpea seedling. Mean and standard deviation of nodules 0.41±0.231 (µmol GHS/g 

tissue) under no salt treatment were altered by salt stress up to 5.20±10.7 (µM GHS/g 

tissue). Variances for no salt treated nodules were found to be 0.05 that were increased to 

115.80 in salt treated nodules (Table 4.47). Minimum increase of GSH activity was 

recorded for BPcp (7.79%) and maximum was recorded for seedling inoculated with 12cp 

(464.61 %) (Table 4.53). 

Green pea seedlings subjected to salt stress showed significant decrease in the 

contents of reduced glutathione (72.91%). In case of no salt treated nodules mean and 

standard deviation values for GSH was 0.041±.101(µmol GHS/g tissue); where as  

0.13±.132 (µmol GHS/g tissue) was recorded for salt treated nodules (Table 4.48). 
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Variance observed for no salt treated nodules was 0.018 and 0.010 for salt treated 

nodules. Minimum decease in GSH level was recoded for 3gp (7.83%) and maximum for 

24gp (94.03%) (Table 4.53).  

4.11.8. Lipid peroxidation assay (LPO) 

LPO levels of chickpea rhizobia increased (95.74%) by NaCl treatment. In case of 

no salt treated nodules mean and standard deviation values were 7.43±9.33 (TBARS 

mmolol min-1mg-1 tissue) where as 11.200±6.7 (TBARS mmolol min-1mg-1 tissue) for salt 

stressed nodules. LPO expression was more diverse in no treated nodules (86.8) than 

(45.9) salt treated nodules (Table 4.47). Minimum increase for LPO activity was recorded 

for seedling inoculated with 11cp (20.7 %) and maximum for 2cp (95.11%) (Table 4.53).  

LPO activity was greatly elevated (96.81%) due to salt stress. Mean and standard 

deviation for no salt treated nodules was 2.03±1.41 (TBARS mmolol min-1mg-1 tissue) 

that was increased to 50.6±10.78 (TBARS mmolol min-1mg-1 tissue) in salt treated 

nodules. Variance for no salt treated nodules (1.99) also increased very much in salt 

treated nodules to (116.3) (Table 4.48). Minimum increase for green pea among rhizobia 

was observed in 7gp (89.98%) and maximum augmentation was recorded for 9cp 

(98.66%) (Table 4.54).  

4.11.9. Correlation among soluble protein, antioxidant enzymes, glutathione 

concentrations and lipid peroxidation. 

Correlation among nodular soluble protein and six antioxidant enzymes under no 

salt and with salt was studied to understand effect of salinity and role of antioxidant 

enzymes in symbiotic nitrogen fixation under salt stress conditions. 

Correlation between soluble protein and six antioxidant enzymes for chickpea 

seedlings inoculated with isolated rhizobia under no salt treatment is presented in Table 

4.55.  

All the enzymes showed non significant negative association with soluble proteins 

except GSH that has non significant positive association. CAT activity was positively 

correlated with APX (0.343**) while negatively with SOD (-0.131*). APX activity 

showed negative correlation with POD (-0.275*) and positive association was exhibited 

for GSH (0.436**). Relationship between POD and LPO was also positive (0.343**). 

GSH showed positive correlation with LPO (0.304*).  

Correlation between soluble protein and six antioxidant enzymes for chickpea 

seedlings inoculated with isolated rhizobia under salt treatment is presented in Table 

(4.56). Chickpea seedlings subjected to salt stress showed altered protein and antioxidant 
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correlations. Soluble protein was positively correlated with CAT (0.464**) and negative 

relation was recorded for POD (-0.368**). CAT concentration also showed negative 

association POD (-0.445**), SOD (-0.484**) and GSH (-0.498**). APX showed negative 

correlation with SOD activity (-0.504**). POD showed significant positive associations 

with SOD (0.582**) and GSH (0.489**). SOD and LPO exhibited strong positive 

association (0.399**). Positive relationship was recorded between GSH and LPO 

(0.304*). 

Correlation between soluble protein and six antioxidant enzymes for green pea 

seedlings inoculated with isolated rhizobia under no salt treatment is presented in Table 

(4.57). Soluble protein showed negative relationship with POD expression (-0.366*) as 

well as for LPO activity (-0.382*). CAT activity was negatively correlated with APX (-

0.355*) and positively associated with SOD (0.33*).APX activity showed positive 

association with SOD (0.325*) and for LPO (0.408*). Relationship between SOD and 

LPO was also positive (0.344*). 

Correlation between soluble protein and six antioxidant enzymes for green pea 

seedlings inoculated with isolated rhizobia under salt treatment is presented in Table 4.58. 

Green pea seedlings subjected to salt stress exhibited changed protein and antioxidant 

correlations. Soluble protein showed strong negative relationship with GSH expression (-

0.877**) as well as for LPO activity (-0.383*). In case of salt treated nodules CAT 

activity showed strong negative correlation with POD activity (-0.593**). APX 

expression was positively correlated with SOD concentrations (0.345*), while reverse is 

true for GSH (-0.344*) and LPO (-0.463**). SOD activity showed highly significant 

positive correlation with LPO (0.523**); GSH concentrations were also positively 

correlated with LPO activity (0.476**).  

4.12. SDS-PAGE under salt stress 

Affect of salt stress on nodular protein expression of chickpea seedling inoculated 

by isolated rhizobia is shown in Fig. (4.70). Over all 6 proteins (approximately 10, 15, 27, 

35, 56 and 65 kDa) are produced under salt stress among studied chickpea rhizobia. 

Among four chickpea soil isolate studied three proteins (15, 35 and 65 kDa) were over 

expressed. 15 kDa protein was expressed by 13cp, 26cp and 27cp while 65 kDa protein in 

seedling inoculated by 21cp and 26cp. Three unique bands (10, 27 and 56 kDa) were 

expressed only under salt stress. Minimum number of stress proteins (2) was observed for 

26cp and maximum (4) for 21cp. 
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Affect of salt stress on nodular protein expression of green pea seedling inoculated 

by isolated rhizobia is presented in Fig. 4.71. Over all 11 proteins rhizobia (approximately 

12, 38, 40, 55, 57, 65, 70, 95, 115, 130 and 150 kDa) are produced under salt stress by 

green pea isolates. Among five green pea soil isolate studied, two proteins (40, 57 kDa) 

were over expressed. 40 kDa protein was expressed by 3gp, 23gp and 26gp while 57 kDa 

protein in seedling inoculated by 23gp. 8 proteins (12, 38, 65, 70, 95, 115, 130 and 150 

kDa) were detected after submitting the isolates to salt stress. Five unique bands (12, 55, 

65, 115, 150 kDa) were observed that were not shared by any of studied nodule. Six 

bands (38, 40, 57, 70, 95, 130 kDa) were shared by 2 to 4 seedlings. Minimum number of 

stress proteins (2) was observed for 26gp and maximum for (7) 23gp.  
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Table 4.47: Over all effect of salt on mean nodular soluble protein and antioxidant 
enzymes of chick pea inoculated with isolated rhizobia (n=3)  
  

Protein/ Enzyme 
0 mmol 300 mmol 

% increase 
↑/ 

/% decrease 
↓ 

Mean ±SD. Variance Mean ±SD. Variance  
(cp) protein N (mg/mg tissue 
weight) .815 ± 4.3 18.76 .437 ± 9.6 92.6 47.47↓  
CAT (U/min-1) 6.78 ± 2.08 4.35 4.82 ± 7.11 50.6  71.06↓ 
APX (µmol / mg-1 pro) 11.51 ± 4.7  23.02 6.26 ± 8.8 78.4 57.22↓ 
POD (U/min-1) 22.71± 10.6 114.48 29.11± 14.4 207.5 26.97↑ 
SOD (50% inhibition of NBT) 22.28 ± 1.08 1.17 27.29 ± 3.5 132.45 21.96↑  
GSH  (µM GHS/g tissue) .410 ± .23 .05 5.20± 10.7 115.80 198.42↑ 
LPO (TBARS min-1mg-1 tissue) 7.34 ± 9.3 86.81 11.20± 6.7 45.95  61.65↑

(SD.=Standard deviation)  
 
 
 
 

 
 
Table 4.48: Over all effect of salt on mean nodular soluble protein and antioxidant 
enzymes of green pea inoculated with isolated rhizobia (n=3) 
 

Protein/ Enzyme 
0 mmol 300  mmol 

% increase ↑ 
/% decrease ↓ 

Mean ± SD. Variance Mean ± SD. Variance  

(cp) protein N (mg/mg tissue 
weight) 

2.01 ± .59 0.35 0.12±.130 0.017 93.84 ↓ 

CAT(U/min-1) 7.09 ± 3.14 9.8 3.62± 2.15 4.6 50.62↓ 
APX (µmol / mg-1 pro) 52.5 ± 2.14  459.1 6.21± 3.80 14.4 83.5↓ 
POD (U/min-1) 14.06 ± 9.13 83.4 22.91± 10.8 118.2 128.27↑ 
SOD (50% inhibition of NBT) 15.06 ± 2.041 4.1 15.96± 2.29 5.25 14.07↑ 
GSH  (µmol GHS/g tissue)0 .041± .101 0.010 0.13 ± .132 0.018 72.19 ↑ 
LPO (TBARS nmol min-1mg-1 tissue) 2.03±1.41 1.99 50.6±10.78 116..332 95.74↑ 

(SD.=Standard deviation) 
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Table 4.49: Salt mediated changes (mean±standard deviation) in nodular soluble protein, 
catalase (CAT) and ascorbate peroxidase (APX) of each chickpea rhizobia (n=3) 
 

 
Soluble protein 

 (mg/mg tissue weight) 
CAT  

(U/min-1) 
APX  

(µmol / mg-1 pro) 

Isolates 0 mmol 300 mmol % decrease 0 mmol 300 mmol % decrease 0 mmol 300 mmol % decrease 

2cp 0.13± 0.01 0.11± 0.01 9.57 5.48± 0.14 1.04 ± 0.01 81.02 10.54± 0.39 1.28 ± 0.05 87.85 

3cp 0.28± 0.01 0.13 ± 0.01 53.764 5.40±0.05 1.38 ± 0.13 74.47 14.73± 0.03 4.43 ± 0.26 69.90 

5cp 0.33±0.01 0.12 ± 0.00 62.82 5.37± 0.03 1.36 ± 0.02 74.63 10.26± 0.01 5.78 ± 0.09 43.68 

6cp .25 ±0.01 0.12 ± 0.00 67.26 6.13± 0.10 1.09 ± 0.09 82.15 11.57± 0.13 1.48 ± 0.17 87.20 

7cp 0.25±0.01 0.13 ± 0.02 52.76 6.91± 0.06 1.92 ± 0.07 72.26 10.16± 0.01 2.24 ± 0.15 77.92 

8cp 0251± 0.01 0.12 ± 0.01 52.8 6.29± 0.08 1.34 ± 0.02 78.68 10.51± 0.45 2.85 ± 0.10 72.91 

9cp 0.12± 0.01 0.20 ± 0.07 20.53 11.13± 0.13 6.23 ± 0.13 44.00 10.14± 0.08 3.20 ± 0.08 68.49 

11cp 0.12± 0.01 0.14 ± 0.01 45.33 6.27± 0.03 1.44 ± 0.13 77.00 11.31± 0.10 3.35 ± 0.12 70.42 

12cp 0.15± 0.01 0.12 ± 0.01 20.34 6.62±0.09 1.62 ± 0.03 75.47 4.10±5.17 31.13 ± 22.87 32.56 

13cp 0.18± 0.02 0.11 ± 0.01 38.30 5.58± 0.26 1.51 ± 0.02 72.95 10.28± 0.34 5.55 ± 0.10 46.01 

14cp 0.20± 0.01 0.12 ± 0.00 39.32 8.73± 0.15 3.79 ± 0.12 56.59 10.12± 0.40 6.19 ± 0.07 38.82 

16cp 0.20±0.01 0.12 ± 0.00 40.98 6.48± 0.07 1.41 ± 0.06 78.28 10.07± 0.07 6.71 ± 0.03 33.35 

19cp 0.27± 0.00 0.19 ± 0.06 18.45 5.21± 0.10 1.91 ± 0.01 60.48 3.63± 0.08 7.31 ± 0.09 44.46 

21cp 0.29± 0.01 0.91 ± 1.38 51.61 6.66± 0.05 1.22 ± 0.23 76.52 22.06± 0.13 6.23 ± 0.08 31.16 

22cp 0.30± 0.01 0.19 ± 0.11 34.43 6.74± 0.12 1.69 ± 0.17 74.66 14.40± 0.32 8.35 ± 0.10 62.15 

24cp 0.30± 0.01 0.12 ± 0.00 59.15 5.25± 0.03 1.74 ± 0.11 74.20 14.40± 0.32 5.87 ± 0.10 59.21 

25cp 11.77±19.81 0.13 ± 0.01 98.93 6.74± 0.12 0.29 ± 0.05 94.56 10.22± 0.21 6.48 ± 0.15 36.56 

26cp 0.36± 0.01 0.12 ± 0.00 66.16 12.46± 0.59 7.71 ± 0.25 38.09 23.99± 0.18 9.66 ± 0.07 59.73 

27cp 0.36± 0.01 0.20 ± 0.07 46.24 6.35± 0.05 1.40 ± 0.03 77.89 7.58± 5.29 1.16 ± 0.07 84.71 

BPcp 0.40± 0.01 0.12 ± 0.00 70.12 9.36± 0.35 4.34 ± 0.30 53.59 10.25± 0.14 1.80 ± 0.53 82.44 

T(N) 0.27± 0.01 0.12 ± 0.01 53.75 5.17± 0.04 1.31 ± 0.16 74.70 12.84± 0.14 11.29 ± 0.18 12.11 

 
 
Table 4.50: Salt mediated changes (mean±standard deviation) in nodular soluble protein, 
catalase (CAT) and ascorbate peroxidase (APX) of each green pea rhizobia (n=3) 
 

 
Soluble protein 

 (mg/mg tissue weight) 
CAT  

(U/ min-1) 
APX  

(µmol / mg-1 pro) 

Isolates  0 mmol 300 mmol 
% 

decrease 0 mmol 300 mmol 
% 

decrease 0 mmol 300 mmol 
% 

decrease  
3gp 1.81 ± 0.02 0.10 ± 0.02 94.41 10.08 ± 0.09 5.78 ± 0.11 42.63 96.01 ± 0.01 0.37 ± 0.46 99.61 
7gp 1.78 ± 0.01 0.36 ± 0.46 79.62 10.19 ± 0.14 3.14 ± 0.02 69.18 39.35 ± 0.09 1.19 ± 0.23 96.97 
8gp 1.73 ± 0.01 0.09 ± 0.00 94.83 10.19 ± 0.03 5.71 ± 0.09 43.98 27.29 ± 0.06 2.20 ± 0.22 91.93 
9gp 1.50 ± 0.01 0.08 ± 0.00 94.99 10.34 ± 0.10 5.64 ± 0.09 45.41 4.61 ± 0.08 3.37 ± 0.53 26.78 

12gp 1.78 ± 0.01 0.08 ± 0.00 95.27 3.08 ± 0.13 1.73 ± 0.16 43.73 63.53 ± 0.37 4.08 ± 0.01 93.57 
18gp 3.78 ± 0.01 0.19 ± 0.00 95.07 7.89 ± 0.02 3.25 ± 0.09 58.77 51.65 ± 0.26 5.09 ± 0.04 90.15 
19gp 1.65 ± 0.01 0.07 ± 0.03 96.03 5.90 ± 3.47 3.30 ± 0.23 43.99 59.55 ± 0.21 6.08 ± 0.05 89.78 
23gp 1.65 ± 0.11 0.09 ± 0.00 94.86 5.49 ± 0.18 0.27 ± 0.04 95.01 53.11 ± 0.11 7.16 ± 0.07 86.51 
24gp 1.81 ± 0.13 0.09 ± 0.00 94.86 10.01 ± 0.12 7.23 ± 2.02 27.78 40.93 ± 0.07 8.09 ± 0.06 80.22 
26gp 1.76 ± 0.05 0.09 ± 0.00 95.01 3.04 ± 0.05 1.71 ± 0.20 43.87 51.37 ± 0.31 9.27 ± 0.24 81.95 
27gp 2.62 ± 0.09 0.13 ± 0.01 94.95 4.21 ± 0.02 2.64 ± 0.13 37.29 64.54 ± 0.22 10.14 ± 0.04 84.28 
BPgp 1.91 ± 0.08 0.10 ± 0.00 95.00 3.02 ± 0.01 1.14 ± 0.05 62.34 69.08 ± 0.05 11.27 ± 0.20 83.68 
T(N) 2.35 ± 0.10 0.12 ± 0.00 94.97 9.91 ± 0.02 5.54 ± 0.28 44.06 62.11 ± 0.52 12.41 ± 0.34 80.01 

 
 



Chapter 4  Results 

 131

Table 4.51: Salt mediated changes (mean±standard deviation) in nodular soluble protein, 
peroxidase (POD) and Superoxide dismutase (SOD) of each chickpea rhizobia (n=3) 
 

 
POD 

( U/min-1) 
SOD  

( 50% inhibition of NBT) 

Isolates 0 mmol 300 mmol % increase 0 mmol 300 mmol % increase 

2cp 20.24± 0.02 20.34 ± 0.34 0.512 8.05±0.15 24.97 ± 0.85 8.32 

3cp 20.22± 0.02 20.06 ± 0.10 1.17 22.34± 0.20 26.91 ±0.04 20.4 

5cp 20.42± 0.10 21.07 ± 0.53 3.20 22.55± 0.14 26.97 ± 0.24 19.61 

6cp 21.08± 0.08 23.34 ± 0.34 10.73 22.33± 0.01 26.64 ± 0.35 19.28 

7cp 21.53± 0.07 24.38 ± 0.16 13.26 22.72± 0.27 27.61 ± 0.83 21.54 

8cp 20.24 ± 0.03 20.74 ± 0.25 2.465 22.70± 0.21 27.20 ± 0.33 19.80 

9cp 10.24± 0.02 19.83 ± 0.10 93.62 22.37± 0.05 26.65 ± 0.46 19.15 

11cp 26.08 ± 2.45 38.28 ± 1.12 46.81 21.07± 0.31 26.59 ± 0.16 26.23 

12cp 26.15± 0.61 38.89 ± 0.90 48.75 22.19± 0.39 26.25 ± 0.65 18.32 

13cp 22.58± 0.08 27.91 ± 0.40 23.57 22.79± 0.22 26.19 ± 0.63 14.91 

14cp 23.59± 0.11 30.16 ± 0.44 27.86 22.49± 0.12 26.73 ± 0.65 18.87 

16cp 30.32± 0.41 51.32 ± 0.54 69.25 22.34± 0.03 26.66 ± 0.12 19.32 

19cp 20.73± 0.98 21.89 ± 0.19 5.594 21.62± 0.24 32.40 ± 0.64 49.6 

21cp 29.15± 0.29 31.59 ± 0.73 63.27 22.62± 0.10 35.79 ± 14.89 58.21 

22cp 21.81± 0.21 18.64 ± 12.06 7.31 22.55± 0.17 26.27 ± 0.58 16.48 

24cp 25.41± 0.21 36.44 ± 0.94 43.425 7.52± 0.17 26.31 ± 0.53 16.8 

25cp 20.92± 0.23 22.29 ± 0.27 6.524 7.42± 0.55 26.37± 0.70 17.60 

26cp 21.65± 0.02 24.74 ± 0.28 14.27 7.40± 0.18 26.70 ± 0.67 19.19 

27cp 20.73± 0.09 22.24 ± 0.45 7.31 22.32± 0.02 26.74 ± 0.71 19.75 

BPcp 28.74±0.98 45.12 ± 0.35 56.96 22.37± 0.15 26.53 ± 0.37 18.55 

T(N) 25.08± 0.80 35.72 ± 0.86 42.45 7.50± 0.06 26.79 ± 0.73 19.061 

 
Table 4.52: mediated changes (mean±standard deviation) in nodular soluble protein, 
peroxidase (POD) and superoxide dismutase (SOD) of each green pea rhizobia (n=3) 
 

 
POD 

(U/min-1) 
SOD 

(50% inhibition of NBT) 

Isolates 0 mmol 300 mmol % increase 0 mmol 300 mmol % increase 

3gp 19.83 ± 0.12 20.31 ± 0.08 2.43 17.63 ± 0.3 18.54 ± 0.40 3.28 
7gp 11.18 ± 0.01 13.69 ± 0.22 22.48 14.60 ± 0.10 14.69 ± 0.09 0.59 
8gp 7.26 ± 0.03 14.69  ± 0.30 102.32 13.57 ± 0.31 14.11 ± 0.50 3.93 
9gp 8.72 ± 0.09 28.90  ± 0.76 231.53 13.80 ± 0.14 16.68 ± 0.23 20.84 

12gp 26.6 ± 116.01 38.26  ± 0.08 46.01 12.76 ± 0.11 13.05 ± 0.59 54.57 
18gp 4.20 ± 0.04 17.62 ± 0.10 319.85 15.17 ± 0.03 19.14 ± 0.10 12.96 
19gp 14.22 ± 0.01 20.35 ± 0.07 43.13 13.84 ± 0.05 13.87 ± 0.11 0.25 
23gp 36.4± 57.57 48.11 ± 0.36 32.16 12.88 ± 0.32 13.82 ± 0.13 22.89 
24gp 18.46 ± 0.30 19.25 ± 0.07 4.33 18.65 ± 0.18 18.73 ± 0.15 0.40 
26gp 3.86 ± 0.10 27.80 ± 0.68 620.64 14.70 ± 0.49 14.53 ± 0.14 5.64 
27gp 8.83 ± 0.20 12.26 ± 0.15 38.80 13.04 ± 0.47 15.59 ± 0.28 50.27 
BPgp 8.66 ± 0.05 29.49 ± 0.16 240.34 17.53 ± 0.39 20.28 ± 0.12 4.30 
T (N) 14.57 ± 0.39 19.24 ± 0.02 36.60 17.65 ± 0.21 17.83 ± 0.12 2.90 



Chapter 4  Results 

 132

Table 4.53: Salt mediated changes (mean±standard deviation) in nodular reduced glutathione 
assay (GSH) and lipid peroxidation (LOP) of each chickpea rhizobia (n=3) 
 

 
GSH 

(µmol GHS/g tissue) 
LPO 

(TBARS nmol min-1mg-1 tissue) 

Isolate 0 mmol 300 mmol % increase 0 mmol 300 mmol % decrease 

2cp 0.26 ± 0.02 .75 ± 0.61 188.46 9.96 ± 0.18 0.49 ± 0.06 95.11 

3cp 0.57± 0.01 0.65 ± 0.03 12.99 5.53 ± 0.25 0.67 ± 0.01 87.94 
5cp 0.36 ± 0.04 0.52 ± 0.01 43.64 11.55 ± 0.88 1.91 ± 0.07 83.47 

6cp 0.81± 0.07 3.42 ± 0.05 321.48 9.60 ± 0.24 0.60 ± 0.05 93.78 

7cp 0.19± 0.03 0.63 ± 0.02 237.45 6.54 ± 0.45 1.24 ± 0.18 81.08 

8cp 0.28± 0.01 0.35 ± 0.01 27.86 10.32± 0.19 6.21 ± 0.09 39.82 

9cp 0.23± 0.02 0.53 ± 0.02 132.39 12.12± 0.53 5.20 ± 0.22 57.06 

11cp 0.17± 0.02 0.75 ± 0.01 330.58 23.81± 0.23 12.56 ± 0.52 47.23 

12cp 0.17± 0.01 0.95 ± 0.03 464.61 5.79± 5.42 4.59 ± 0.21 20.73 

13cp 0.57± 0.03 0.64 ± 0.01 10.95 1.46± 0.04 0.64 ± 0.06 56.40 

14cp 0.25± 0.04 1.09 ± 0.15 333.50 27.38± 0.50 19.63 ± 0.10 28.30 

16cp 0.29± 0.00 0.63 ± 0.01 121.62 16.66± 0.49 2.21 ± 0.04 86.72 

19cp 0.59± 0.04 0.57 ± 0.02 238.84 11.52± 0.22 2.88 ± 0.09 82.65 

21cp 0.75± 0.01 1.21 ± 0.13 105.29 7.14± 0.29 8.85 ± 0.08 23.16 

22cp 0.30± 0.01 1.12 ± 0.10 48.94 4.03± 0.09 1.73 ± 0.13 75.71 

24cp 0.30± 0.01 0.64 ± 0.01 111.77 4.03± 0.09 1.81 ± 0.06 55.11 

25cp 0.65± 0.03 1.62 ± 0.05 147.74 10.41± 0.02 4.76 ± 0.12 54.33 

26cp 0.83± 0.00 1.67 ± 0.08 100.64 6.52± 0.11 4.72 ± 0.08 27.7 

27cp 0.17± 0.07 0.85 ± 0.03 404.57 3.89± 0.01 2.70 ± 0.06 30.55 

BPcp 0.68± 0.07 0.73 ± 0.01 7.79 22.16± 0.53 22.16± 0.53 44.05 

T(N) 0.32± 0.10 0.38 ± 0.05 20.13 12.19± 0.19 12.19± 0.19 62.49 

 
 
Table 4.54: Salt mediated changes (mean±standard deviation) in nodular reduced glutathione 
assay (GSH) and lipid peroxidation (LOP) of each green pea rhizobia (n=3) 

 
GSH 

 (µmol GHS/g tissue) 
LPO 

(TBARS nmol min-1mg-1 tissue) 

Isolates 0 mmol 300 mmol % increase 0 mmol 300 mmol % increase 

3gp 0.11 ± 0.15 0.12 ± 0.01 7.83 2.18 ± 0.03 50.22 ± 0.14 95.66 

7gp 0.24 ± 0.32 0.26 ± 0.01 9.36 5.23 ± 0.12 52.24 ± 0.83 89.98 
8gp 0.04 ± 0.00 0.20 ± 0.02 81.78 3.80 ± 0.01 38.97 ± 0.64 90.24 
9gp 0.01 ± 0.01 0.04 ± 0.02 75.96 0.49 ± 0.01 36.36 ± 0.44 98.66 

12gp 0.02 ± 0.01 0.08 ± 0.01 77.50 1.34 ± 0.02 52.66 ± 0.30 97.45 
18gp 0.03 ± 0.01 0.12 ± 0.01 78.79 2.26 ± 0.04 30.56 ± 0.19 92.59 
19gp 0.01 ± 0.00 0.06 ± 0.03 85.024 0.92 ± 0.00 60.75 ± 0.20 98.49 
23gp 0.02 ± 0.00 0.10 ± 0.02 80.62 1.91 ± 0.11 51.30 ± 1.23 96.28 
24gp 0.02 ± 0.00 0.30 ± 0.39 94.03 1.88 ± 0.04 57.28 ± 1.29 96.71 
26gp 0.03 ± 0.01 0.20 ± 0.01 82.52 3.86 ± 0.05 56.84 ± 6.06 93.20 
27gp 0.01 ± 0.00 0.07 ± 0.05 82.15 1.13 ± 0.01 47.17 ± 0.16 97.60 
BPgp 0.01 ± 0.00 0.05 ± 0.01 86.80 0.76 ± 0.03 57.79 ± 17.61 98.68 
T(N) 0.01 ± 0.00 0.16 ± 0.22 96.04 0.67 ± 0.03 66.13 ± 0.94 98.98 
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Table 4.55: Correlation among chickpea nodular soluble proteins and antioxidant enzymes 
 under 0 mm salt treatment 
 Protein / Enzyme Soluble  protein CAT APX POD SOD GSH LPO 
Soluble  protein (mg/mg tissue weight) 1       
CAT (U/min-1) -0.088 1      
APX (µmol / mg-1 pro) -0.036 0.343** 1     
POD (U/min-1) -0.085 -0.084 -0.275* 1    
SOD (50% inhibition of NBT) -0.055 0.313* -0.028 0.004 1   
GSH  (µmol GHS/g tissue) 0.127 0.181 0.436** 0.009 0.194 1  
LPO (TBARS nmol min-1mg-1 tissue) -0.016 0.149 -0.107 0.343** -0.243 -0.195 1 

(**P<0.01, *= P<0.05, df=21) 

Table 4.56: Correlation among chickpea nodular soluble proteins and antioxidant enzymes  
under 300 mm salt treatment 
 
 Protein / Enzyme Soluble  protein CAT APX POD SOD GSH LPO 
Soluble  protein (mg/mg tissue weight) 1       
CAT (U/min-1) 0.464** 1      
APX (µmol / mg-1 pro) -0.163 0.168 1     
POD (U/min-1) -0.368** -0.445** -0.058 1    
SOD (50% inhibition of NBT) -0.083 -0.484** -0.504** 0.582** 1   
GSH  (µmol GHS/g tissue) -0.172 -0.498** -0.192 0.489** 0.231 1  
LPO (TBARS nmol min-1mg-1 tissue) -0.050 0.136 0.230 0.234 0.399** 0.304* 1 

(** = P<0.01, *= P<0.05, df=21) 

Table 4.57: Correlation among green pea nodular soluble proteins and antioxidant enzymes  
under 0 mm salt treatment 

 

 Protein / Enzyme Soluble  protein CAT APX POD SOD GSH LPO 
Soluble  protein (mg/mg tissue weight) 1       
CAT (U/min-1) -0.026 1      
APX (µmol / mg-1 pro) 0.188 -0.355* 1     
POD (U/min-1) -0.366* -0.087 0.279 1    
SOD (50% inhibition of NBT) 0.086 0.331* 0.325* -0.117 1   
GSH  (µmol GHS/g tissue) -0.032 0.272 -0.127 -0.052 0.210 1  
LPO (TBARS nmol min-1mg-1 tissue) -0.382* -0.225 0.408* 0.275 0.344* 0.091 1 

(** = P<0.01, *= P<0.05, df=21) 

Table 4.58: Correlation among green pea nodular soluble proteins and antioxidant enzymes 
under 300 mm salt treatment 

 

 Protein / Enzyme Soluble  protein CAT APX POD SOD GSH LPO 

Soluble  protein (mg/mg tissue weight) 1       
CAT (U/min-1) -0.035 1      
APX (µmol / mg-1 pro) -0.166 -0.255 1     
POD (U/min-1) -0.231 -0.593** 0.002 1    
SOD (50% inhibition of NBT) -0.104 0.042 0.345* 0.031 1   
GSH  (µmol GHS/g tissue) -0.877** 0.030 -0.344* 0.170 0.175 1  
LPO (TBARS nmol min-1mg-1 tissue) -0.383* -0.034 -0.463** 0.189 0.523** 0.476** 1 

(** = P<0.01, *= P<0.05, df=21)
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Fig. 4.70: Comparison between normal and salt stressed whole cell protein profiles of 

chickpea  nodule (M=Molecular weight marker, 1=26cp, 2=27cp, 3=21cp,4 =13cp) stained 

with (CBB) ); unique protein bands expressed under salt stress are highlighted by arrows 

 
 
 

 Fig. 4.71: Comparison between normal and salt stressed whole cell protein profiles of green 

pea nodule (M=Molecular weight marker, 1=27gp, 2=26gp, 3=3gp, 4=23gp, 5=24gp) stained 

with (CBB); unique protein bands expressed under salt stress are highlighted by arrows 

 



Chapter 5  Discussion 

 135

Discussion 

5.1. Nodulation test 

No recovery of chickpea and green pea rhizobia from some locations (Bero 

Chandio, Dadu Kacha, Jamshoro, Attok, Shangerdad and Akora Khattak) was might be 

due to unfavorable soil composition (mostly clay loam with high salt, Zn and Ni 

concentrations) or climatic conditions (temperatures to both extremes) that do not allow 

rhizobia to survive. Lakshmi-Kumari et al. (1974) reported that increasing levels of 

salinity/alkalinity of the root medium resulted in a root system devoid of root hairs, 

mucilaginous layer and infection thread formation in spite of the optimum growth of 

Rhizobium under such conditions. 

5.2. General soil characters  

5.2.1. Physical characters of soil samples 

It is clear from investigations of soil physical properties (Table 4.1) of various 

sites of Pakistan that samples having more organic matter possesses greater amount of 

total soil nitrogen. This might be due to high saturation level of soil that facilitated soil 

micro organisms to decompose and mineralize soil nitrogen actively as described by 

(Birch, 1958). It is evident from the present findings that soils having clay loam texture 

are more saturated and saline than loam or sandy loam soil types. It is reported by 

previous workers that clay loam soils have more water holding capacity that results in 

increased available salts in the soil. Khan et al. (1991) concluded higher salts and 

moisture more than 60 percent of saturation percentage (waterlogged condition) disturbs 

ratio between Na, Ca+Mg while that less salts and relatively more moisture (upto 60%) 

are responsible to keep this ratio good. Farkhunda et al. (1995) reported that in silt loam 

soil, salinity and waterlogging treatments did not significantly affect physiological 

processes and ionic regulation. Results suggest that Sindh and Punjab the two major 

agricultural provinces are the top most salinity affected. Similar results are presented by 

Malik et al. (1979). It can be concluded that there is no change in status of salinity and 

waterlogging in past 31 years in Pakistan. 

5.2.2. Micronutrient composition of soil samples 

It is clear from the soil micronutrient analysis (Table 4.2a) that soils studied vary 

for majority of micronutrients, while more or less uniform amount of magnesium was 

recorded for all the soil samples except Jalalpur Jattan, Islamabad and Muzaffarabad that 

showed less amount. Cadmium and Chromium content also does not vary within the sites. 



Chapter 5  Discussion 

 136

5.3. Colony morphology 

Colony morphology (Fig. 4.4 & 4.6) corresponds to typical rhizobial 

characteristics as reported by many workers (Kücük and Kivanc, 2008; Sajjad et al., 

2008). 

5.4. Generation time 

Different growth rate within chickpea as well as green pea rhizobia (Fig. 4.7 & 

4.8) conform the earlier work by Maâtallah et al. (2002a) in chickpea rhizobia.  Maâtallah 

et al. (2002b) also reported that 8.3% of the strains were fast-growing, 41.7% were slow 

growing and 50% were very slow growers.  

Generation time studies of the two legumes suggest that chickpea nodulating 

rhizobia are comparatively slow growers than green pea nodulating rhizobia. Tiwari et al. 

(1992) reported that wild type Rhizobium leguminosarum bv viciae was fast growing 

strain with a mean generation time of 3.2 h at pH 7.0. 

5.5. Physiological characters 

Over all considerable diversity for growth response (Table 4.3 & 4.5) at different 

pH range among chickpea and green pea rhizobia reflect genetic diversity of soil isolates 

studied. These results are consistence with findings of Maâtallah et al. (2002a) who 

recorded range of survival for pH between 5.0 and 9.5 whereas Kücük and Kivanc (2008) 

from 3.5 to 9.0 in chickpea root nodule rhizobia. 

Baso-tolerant tendency of soil isolates reflects positive correlation between isolate 

pH tolerance and the origin-soil pH (Table 4.1 & 4.3 & 4.5). Brigido et al. (2007) also 

detected positive correlation between the maximum growth of the isolates and their origin 

soil. Similar neutral baso-tolerant tendency was reported in chickpea (Maâtallah et al., 

2002b; Kücük and Kivanc, 2008) and bean nodulating rhizobia (Kücük et al., 2006). 

Differential response of chickpea and green pea rhizobia at pH 4.0 suggest it is very 

important to test rhizobial strains for acid pH in order to measure their diversity. Kücük 

and Kivanc (2008) also reported differential response at pH 4. 

Noticeable variations in salt tolerance (Table 4.3 & 4.5) were observed for 

chickpea as well as green pea rhizobia. Similar, results have been found previously in 

Bradyrhizobium sp (lupini) by Raza et al. (2001). It can be inferred from present findings 

that natural habitat of chickpea as well as green pea rhizobia (Table 4.1) have great 

influence on  ability to tolerate high salt concentrations. Maâtallah et al. (2002b) also 

correlate salinity resistance to the natural habitat.  
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Wide range of temperature tolerance among chickpea and green pea rhizobia 

(Table 4.3 & 4.5) might be due to their genetic diversity as temperature tolerance does not 

correlate with the mean temperatures of the soils as described previously by Maâtallah et 

al. (2002b). Few chickpea and green pea isolates exhibited tolerance to extreme 

temperatures up to 50°C and 45°C. These results are in agreement with Shamseldin and 

Werner (2005) and Kücük and Kivanc (2008) who reported strains adapted to elevated 

temperature (47°C) nodulating Phaseolus vulgaris and  Cicer arietinum L., respectively. 

It is obvious from the temperature tolerance data that chickpea rhizobia were better 

adapted to high temperatures than green pea rhizobia.   

Cluster analysis of physiological characters (Fig. 4.15 & 4.16) depicted genetic 

diversity for studied chickpea as well green pea rhizobia. These findings are consistent 

with Maâtallah et al. (2002a). The results of cluster analysis (CA) for physiological 

responses of isolated nodule bacteria confirmed results of principal component analysis 

(PCA) (Table 4.9 & 4.10), that baso-tolerant trends are highly associated with salt and 

temperature tolerance, while acid tolerance is associated with temperature sensitivity. It 

could be inferred from the results of PCA analysis that major factors responsible for 

diversity reported in cluster analysis were mainly pH and salt treatment in case of 

chickpea rhizobia and temperatures below 35°C and NaCl treatment were the major 

source of diversity in green pea rhizobia and correlated with the eco-climatic condition of 

the sites used for the isolation of the strains. These results are consistent with those of 

Maâtallah et al. (2002a), Maâtallah et al. (2002b), Brigido et al. (2007), Kücük and 

Kivanc (2008). 

5.6. Antibiotics and heavy metals 

Differential response for minimum inhibitory concentration (MIC) recorded for 

rhizobia associated with both crops revealed genetic diversity (Table 4.11 & 4.13). 

Present results showed that except one isolate (13cp) all the isolates were either 

erythromycin resistant or inhibited at 5000 and 8000 µg/ml. In case of green pea rhizobia 

maximum resistance was found for erythromycin and chloramphenicol. Pri~Vost et al., 

(1987) find similar results while characterizing rhizobial isolates of Astragalus aipinus, 

Oxytropis maydeuiana and Oxytropis arctobia reported that all isolates except one arctic 

isolates were resistant to erythromycin. On the contrary Young et al. (1988) working with 

soybean rhizobia reported extremely high intrinsic antibiotic resistance for penicillin (200 

g ml-1). Similarly, Cole and Elkan (1979) working with Rhizobium japonicum; Kremer 

and Peterson (1981; 1982) working with R. leguminosarum, R. phaseoli, cow pea 
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rhizobium and peanut rhizobium reported extremely high intrinsic resistance for penicillin 

G. Although penicillin G resistance was the second most common resistance among 

studied isolates in chickpea rhizobia and most of the green pea isolates were sensitive for 

higher concentrations (5000 µg or 8000µg). Waste water (mainly containing sewage 

sludge) is commonly used for irrigation in Pakistan and it has also been estimated that 

64% of total waste water of Pakistan is disposed off into rivers (Zafar and Akhatar, 2003). 

Bacteria (such as Salmonella typhi, Escherichia coli and Neisseria meningitides) which 

were previously exposed to antimicrobial compounds with the inflow sewage water 

originating from hospitals, private households, industry are often erythromycin and 

chloramphenicol resistant (Smith, 1973). Szczepanowski et al. (2004) also reported that 

efficiently utilized antibiotics in the therapy of infectious diseases induced multiresistant 

to frequently used antimicrobial drugs. Therefore, enhanced resistance for erythromycin 

and chloramphenicol in rhizobium might be acquired through horizontal gene transfer as 

several environmental hot-spots for the horizontal exchange of genetic material were 

discovered (Se`veno et al., 2002). The presence of antibiotic resistance in rhizobia that 

commonly occurred in human pathogenic bacteria, suggested that cultivated and non 

cultivated area is polluted by human fecal matter in most of Pakistan. Munir and Aslam 

(2002) reported that preliminary results from a country-wide survey in the four main 

provinces of Pakistan showed that untreated wastewater was used in 50 out of 60 visited 

cities. In Haroonabad, Faisalabad untreated urban wastewater has been used for irrigation 

for the past 35 years.   

It is inferred from the results that antibiotic resistance patterns could be used as 

genetic markers for strain identification as described earlier by many workers (Pankhurst 

1977; Pain 1979; Pugashetti and Wagner 1980). It is obvious from results that frequency 

of resistance to single and double antibiotics more common than multiple antibiotic 

resistance. Similar findings have also been reported in other studies (Cole and Elkan, 

1979; Gupta et al., 1983). Previous studies on bean, pea and chickpea rhizobia (Kücük et 

al., 2006; Kücük and Kivanc, 2008; Wani et al., 2008c) supports high resistance against 

heavy metals recorded in present investigation for chickpea and green pea rhizobia. The 

property of heavy metal tolerance in tested rhizobia may be important in the 

decontamination of agricultural soils polluted by the heavy metals based fungicides. Most 

of the chickpea and green pea rhizobia were tolerant to Ni and Zn the growth and nitrogen 

fixation inhibiting heavy metals (Table 4.15 & 4.16; Fig.4.26 & 4.28). Wani et al. 

(2008b) also reported Ni and Zn resistance among pea rhizobia from polluted land that 
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were able to decrease the concentration of nickel and zinc in plant organs. The existence 

of these heavy metals in soils of non industrial and non wastewater irrigated areas 

indicates the natural sources also cause the speeding of pollutant.  

It is evident from the cluster analysis that rhizobia associated with both of the 

crops are diverse for their resistance to antibiotic and heavy metals.  

The results of descriptive analysis and cluster analysis (CA) (Fig. 4.29 & 4.30) for 

antibiotics and heavy metals agree very well with those of principal component analysis 

(PCA) (Table 4.17 & 4.18), depicting a strong association among antibiotics in chickpea 

(Streptomycin, Penicillin, Chloramphenicol, Amphicillin) and green pea (Table 4.19 & 

4.20) (Streptomycin, Kanamycin, Chloramphenicol and Amphicillin) and heavy metals 

(Ag, Pb, Mn, Cu and Co.) for both crops. It is evident from the PCA analysis that major 

factors responsible for diversity reported in cluster analysis were mainly Streptomycin, 

Penicillin, Kanamycin, Hg, Ni and Co were the major source of diversity and may be 

correlated with the physico-chemical and nutrient composition of the sites used for the 

isolation of the strains.  

5.7. Carbon source utilization patterns 

Many of tested chickpea and green pea rhizobia were able to use a broad range of 

carbohydrates though they were either slow or very slow growers (Table 4.21 & 4.22). 

Similar result was found by Nour et al. (1994) and Maâtallah et al. (2002a) in chickpea 

rhizobia. Formerly, it was believed that only fast growing root nodulating rhizobia were 

able to utilize broad rang of carbon sources whereas slow-growing rhizobia were thought 

to be selective for carbon source utilization (Stowers, 1985; van Rossum et al., 1995). 

It is evident from the cluster analysis (Fig. 4.37 & 4.38) that chickpea rhizobia are 

more selective and less diverse for their carbon source then green pea rhizobia. It can be 

inferred from the results that narrow rang and broad rang carbon utilizing ability could be 

found within same species. The result proves that the evolution of rhizobial strain can be 

influenced by environmental conditions such as horizontal gene transfer, geographical 

isolation and soil type and available carbon sources.    

It is inferred from the (PCA) (Table 4.25 & 4.26) that most important variables 

causing groups presented by cluster analysis among chickpea were capric acid, Tri-

sodium citrate and capric acid, adipic acid, tri-sodium citrate and phenylacetic acid in 

case of green pea nodulating isolates. Highest similarity reported by cluster as well as 

(PAC) between 27cp and BPcp suggests that these are very similar in their genetic 

makeup for carbon source utilization. 
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5.8. Molecular characterization 

5.8.1. Plasmid profiles 

Over all chickpea (Fig 4.44) and green pea (4.46) isolates showed close 

association for plasmid profiles; although existence of diversity is evident from presence 

of four and five clusters at the distance of .3 and 1.5 respectively. 

It is obvious from the results that chickpea rhizobia are less diverse for plasmid 

number and size than green pea rhizobia. Soil isolates nodulating both crops showed more 

variations for plasmid size than plasmid number. Studied rhizobia from nodules of 

chickpea and green pea showed less number of plasmids than previous findings of Vessey 

and Cheminging’wa (2006), reported one to five plasmid bands in Rhizobium 

legueminosarum bv viciae strains but are within range described by Romero and Broom 

(2004) from 0 to 11 in family Rhizobeaceae. Rang of Plasmid size reported in present 

work (2.3kb to 33kb) was broader than described by Romero and Broom (2004), who 

reported plasmid size from 150 to 1,683 kb in family Rhizobeaceae. Broad rang of 

plasmid size may be correlated to frequent occurrence of transposition among bacteria.  

5.8.2. RAPD analysis 

Cluster analysis of RAPD banding patterns revealed genetic diversity among 

studied isolates of chickpea and green pea by the presence of three and six clusters 

respectively (Fig. 4.48 & 4.50). Cluster analysis conformed plasmid profile results that 

chickpea rhizobia were less diverse than green pea rhizobia evident from occurrence of 

randomly amplified polymorphic banding patterns.  

Out of 34 primers tested (Table 3.5) for rhizobia belonging to both crops, best 

primers for chickpea and green pea were different. This result suggests that these two 

groups of rhizobia are genetically distinct from each other. Present results support 

findings of Kumar et al. (2006) and Rajasundari et al. (2009) that RAPD analysis is one 

of the efficient discriminative methods for differentiating and studying genetic diversity 

of Rhizobium strains.  

Present result’s are consistent with the findings of de Oleveria et al. (2000); 

Priefer et al. (2001); Sajjad et al. (2008), who reported genetic polymorphism using 

RAPD banding patterns with 10-mer primer.   

5.9. Symbiotic characteristics 

Marked differences in minimum and maximum values (Table 3.31 & 4.32) 

observed for all the symbiotic traits studied and non significant variations between the 

replicates suggest that studied isolates of both the crops vary in their genetic make up and 
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have different nitrogen fixation capabilities. It could be inferred from results that a good 

gene pool is available within Pakistan for chickpea (Cicer arietinum L.) and green pea 

(Pisum sativum L.) nodulating rhizobia and agro-climatic conditions (Table 3.1) play 

important role in rhizobium diversification. 

5.9.1. Correlation among symbiotic traits 

Positive correlation between nodule number, nodule DW, shoot dry weight and 

total shoot nitrogen (%) and negative with nodule size for rhizobia associated with both of 

the crops suggest that rhizobial partner play major role in rat of nitrogen fixation and 

eventually on healthy growth and yield, more will be root colonization larger will be 

nodule size, growth and nitrogen content (Table 4.33 & 4.34). Growth promoting effects 

of rhizobium sp. have been studied previously, by many workers all over the world with 

different   legumes (Tamimi, 2002; Icgen et al., 2002; Satterly et al., 2004). Negative 

association between nodule size and total shoot nitrogen (%) might be due to reduced 

nitrogen fixation capability of chickpea isolates in given conditions. 

5.9.2. Relative effectiveness 

It is clear from the results that majority of green pea isolates were more efficient 

symbionts then that of chickpea rhizobia in comparison to respective  T(N) control and 

commercial strain. Results indicate that isolates belonging to NWFP and Balochistan are 

more efficient symbionts and stress tolerant than isolates belonging to Sindh and Punjab 

(although salt resistant) (Table 4.35 & 4.36). 

5.10. Nodulation and growth of chickpea (Cicer arietinum L.) and green pea (Pisum 

sativum L.) under NaCl stress 

In unstressed conditions nodulation and growth parameters of both the crops 

varied according to the inoculated rhizobia strains (Fig. 4.55 & 4.56). Present work 

revealed failure of three chickpea rhizobia (3cp, 5cp and 6cp) to nodulate in salt stress 

(300 mm). These results confirms the findings of Bouhmouch et al. (2005) who also 

reported failure of successful symbiotic association and justified unsuccessful nodulation 

of bean rhizobia by relating the inhibition by salt to one or more steps of the early events 

of infection process.  

It was observed in remaining isolates that although they successfully nodulate 

chick pea and green pea seedlings but salt treatment limited nodulation and growth 

significantly. These results are consistent with El-Sheikh and Wood (1990) who reported 

noticeable decline (50%) in nodulation at 34.2 mmol and completely depressed in plants 

that received a high saline treatment.  
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Nodule dry weight/plant was the most adversely affected parameter in chickpea 

and nodule number in case of green pea after shoot dry weight (Table 4.37 & 4.38). 

Similar results are observed by Mhadhbi et al. (2004) who reported that nodules were the 

most affected organ (66 to 85%) by salinity. Abdel-Wahab et al. (2002a) reported marked 

decline in nodule number (80%) and nodule weight (35%). Jebara et al. (2005) also 

reported nodule dry weight as most affected parameter (56%) in common bean subjected 

to salt stress. 

It is clear from the results that root dry weight in chickpea and root length in green pea 

seedling were least affected by salt stress, consistent with an earlier description by Jebara 

et al. (2005). This may be an adaptive response to salt stress (Yokoi et al., 2002). 

5.10.1. Total shoot nitrogen 

It is evident from the results that green pea genotype (Meteor) was more sensitive 

to salt stress for total shoot nitrogen than chickpea genotype (NCS 0305) used in present 

study. Variable salt tolerance in broth (YM) experiment is conformed by variable 

response against 300 mmol salt stress within chickpea and green pea rhizobia in pot 

experiment (Table 4.43 & 4.44). It can be inferred that good performance of isolates 

belonging to NWFP and Balochistan might be inherited not acquired as soils of these 

provinces are less saline in comparison to soils of Sindh and Punjab (Table 4.1).  

Decease in total nitrogen with increased salt concentrations has also been reported 

in chickpea by Rao et al. (2002). Aanthraper and Dubois (2003) also reported decrease in 

total shoot nitrogen in Leucaena leucocephala (Leguminosae). Mahmood et al. (2008) 

total tissue nitrogen decreased gradually with increasing salinity levels. 

5.10.2. Nitrogenase activity 

It is clear from the results that chickpea as well as green pea rhizobia selected for 

nitrogenase activity showed decreasing trends for all strains when subjected to 300 mmol 

NaCl stress (Table 4.43 & 4.44). It is evident from the results that negative effects of salt 

application is more sever in chickpea nodules than green pea nodules.  

It can be inferred from results that better performance of most of the tested 

isolates than check strain (BPcp) and T(N) control that they were better adapted to salt 

stress and could be used as inoculants for chickpea seedlings. These results are consistent 

with the findings of Jebara et al. (2005) who reported increasing inhibition of nitrogenase 

activity with increasing age of plant under salt stress. Shamseldin et al. (2006) also 

reported strong depressed nitrogenase activity for salt sensitive as well as salt resistant 

bacterial strain and Lopez et al. (2007) in Medicago trunculata. Several hypotheses have 
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associated salt mediated decrease of N2- fixation with alterations in oxygen diffusion 

barrier (Serrej et al., 1994; 1998). Actually glycoprotiens implicated in the regulation of 

O2 diffusion resistance accumulated in intracellular spaces of nodule cortex in response to 

increasing salinity (Fernandez-Pascual et al.,1996 : Bolanos et al., 2006). 

5.10.3. Leaf chlorophyll content 

It is obvious from results (Table 4.45 & 4.46) that leaf chlorophyll content was 

markedly affected for both crops as previously described by many researchers, in 

chickpea (Soussi et al., 1998) and bean (Beinsan et al., 2009). Taffouo et al. (2009) 

reported significant decrease in total chlorophyll (P<0.05) by addition of NaCl in the soil 

in cowpea. Shahid et al. (2008) also reported significant decrease in chlorophyll 

concentration with increasing NaCl in pea. 

As chloroplasts are mainly consisted of membranous thylakoids, therefore, 

probable reason behind decrease in chlorophyll concentration is increased 

lipidperoxidation of chlorophyll synthesizing organelle reported in present results. 

Yamane et al. (2004) reported drastic decrease in chlorophyll content and swelling as 

well as destruction of thylakoid membranes in rice leaves subjected to 200 mmol NaCl. 

 Sing and Dubey (1995) also declare destruction of the chloroplast structure and the 

instability of pigment protein complexes for decline in chlorophyll content. Abdelkader et 

al. (2007) relate inhibition of chlorophyll accumulation to reduction in porphyrin and 

chlorophyll binding protein formation.  

5.10.4. Soluble protein content 

Decrease in soluble protein content (Table 4.47 & 4.48) reported in results for 

both crops is supported by the findings of Abdel-Wahab et al. (2002a) and Ashraf and 

Bashir (2003). Mhadhbi et al. (2004) reported marked salt induced decrease in nodular 

protein content of M. mediterraneum nodules (40%) as well as in M. ciceri and S. 

medicae (23%). Jebara et al. (2005) also reported 29% decrease in nodular protein 

content in common bean.  

5.10.5. Nodular antioxidant enzyme 

5.10.5.1. Catalase (CAT) 

Catalase activity was decreased due to salt stress in nodules of chickpea and in 

green pea (Table 4.47 & 4.48). Tejera et al. (2004) also reported 95% decline in nodular 

CAT activity of bean subjected to 50 mmol NaCl. Reduction in catalase activity for both 

crops under salt stress and higher levels in normal conditions suggest primary role of 

CAT is to maintain nodule functioning by eliminating H2O2 generated as a consequence 
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of uride synthesis in central zone of nodules (Jamet et al., 2003); as many workers 

positively correlate decline in CAT to nitrogenase activity (Dalton et al., 1998; Lee et al., 

2001; Rubio et al., 2002 and Mhadhbi et al., 2004). It could be inferred that slowing 

down of nodule metabolism is responsible for decrease in CAT activity. Dalton (1995) 

suggested that it is not a primary mean of antioxidant defense in the cytoplasm of cell 

because of its very high km for H2O2 and restricted location in peroxisomes.  

5.10.5.2. Ascorbate peroxidase activity (APX) 

It is clear from the results that average reduction in nodular APX was more sever 

in chickpea (57.22%) than in green pea nodules (9.29%) (Table 4.47 & 4.48). Jebara et al. 

(2005) also reported significant inhibition (48%) by salt treatment (50 mmol) in common 

bean nodules. While earlier Sheokand et al. (1995) observed 13% and 15% decrease in 

APX activity of chickpea nodule, with 50 and 100 mmol NaCl stress, respectively. It can 

be inferred from results of present study and previous work that APX concentration in 

nodules depends on NaCl stress applied and crop used and it mainly play important role 

in primary H2O2 scavenging mechanism like catalase.  

5.10.5.3. Peroxidase (POD) 

Present result reveals intensive increase in nodular POD activity for green pea 

(128.27%) than chickpea (26.97%) (Table 4.47 & 4.48) suggesting that green pea are 

better adapted to salt stress and efficient in nitrogen fixation; reflected from more supply 

of O2 (nitrogenase activity) during stress condition in addition to H2O2 generation by SOD 

activity. POD activation under salt stress was reported by many workers (Quiroga et al., 

2000; Lee et al., 2001).  Jebara et al. (2005) reported 22% increase in nodular POD 

activity in common bean and suggested that POD play an important role in detoxifying 

H2O2 under salt stress. 

5.10.5.4. Superoxide dismutase (SOD) 

It is clear from the results that 300 mm salt treatment caused mild increase in 

nodular SOD for both crops (Table 4.47 & 4.48). These results are consistent with Jebara 

et al. (2005), who reported 43% activation of nodular SOD levels by application of 50 

mmol salt treatment in common bean. Exposure to sever salt stress increases FeSOD in 

pea plant (Gomez et al., 1999). On the contrary Mhadhbi et al. (2004) observed no 

change in nodular SOD when subjected to 25 mm NaCl concentration. Occurrence of two 

isoforms of SOD (FeSOD and MnSOD) in free living rhizobia has been reported by 

Becana et al. (2000). While MnSOD in soybean and two MnSOD isoforms were detected 
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in alfalfa nodule bacteriods (Becana et al.1989). Additionally, only one SOD has been 

detected in S. meliloti (Santos et al., 1996). 

5.10.5.5. Glutathione (GSH) 

Marked increase in glutathione level for chick pea (198.42%) as well as green pea 

(185.75%) is evident from the present findings (Table 4.47 & 4.48). These results are 

consistent with those of Dalton et al. (1998) who observed 120% increases in nodular 

GSH content working with soybean, pea, clover and common bean. In later working with 

soybean Dalton et al. (1992) also find that GSH synthesis is enhanced in plants exposed 

to xenobiotics and environmental stress. Comba et al. (1998) also reported high GSH 

synthesis in soybean root nodule. 

5.10.5.6. Lipid peroxidation assay (LPO) 

Process of lipid peroxidation boosted under salt stress for both of the crops (Table 

4.47 & 4.48). Lipid peroxidation was more sever in green pea rhizobia than chickpea 

rhizobia. These results suggest that green pea is more prone to membrane damage than 

chickpea seedling. Many recent studies reported increase in LPO level (Zhu et al., 2004; 

Gaballah and Gomaa, 2005; Han and lee, 2005). Demiral and Türkan (2005) studied 

comparative lipid peroxidation in roots of rice subjected to salt stress and find that LPO 

level increase in salt sensitive strain and no change was observed in salt tolerant strain. It 

means salt tolerance in inversely proportional to LPO activity. Comba et al. (1998) 

reported that elevated levels of antioxidant enzymes and GSH avoid lipid peroxidation.  

According to present results different levels for lipidperoxidation increase within 

the same genotype of legume partner suggest important role of its bacterial symbionts in 

adaptive response against salt stress. 

5.10.5.7. Correlation among soluble proteins and antioxidant enzymes  

It is clear from the correlation study (Table 4.55 & 4.57) that under no salt stress 

catalase was involved in primary defense against (ROS) and play a key role in removal of 

O2 generated as a result of nitrogenase activity thus facilitates O2 sensitive Leg- 

hemoglobin to fix nitrogen efficiently under stress conditions. 

A strong positive association between SOD, POD and GSH observed under salt 

stress (Table 4.56 & 4.58) is previously described (Mittova et al., 2000; Tejera et al., 

2004; Jebara et al., 2005). The results suggest that these enzymes play important role to 

protect nodular tissue against salt provoked excessive oxidation apart from O2 produced 

as a result of nitrogenase activity and most likely contribute to other component of the 

intrinsic neutralization system of the cells. 
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5.10.6. SDS-PAGE under salt stress 

After Commassie Brilliant Blue staining 6 proteins in chickpea rhizobia 

(approximately 10, 15, 27, 35, 56 and 65 kDa) and 11 in green pea rhizobia 

(approximately 12, 35, 40, 55, 57, 65, 70, 95, 115, 130 and 150 kDa) were expressed 

under salt stress. These findings are highly supported from the previous investigations of 

legume associated rhizobia. Shamesldin et al. (2006) detected an over expression of six 

proteins approximately of 22, 25, 40, 65, 70, 95 kDa. They describe these proteins as salt-

induced proteins. Unni and Rao (2001) previously describes overexpression in four 

proteins of about 22, 38,68 and 97 kDa in Rhizobium sp. (STI) due to growth under salt 

stress. A protein of 65 kDa is also reported to be expressed under salt stress in a 

Rhizobium strain (Soussi et al., 1998). Zahran et al. (2004) proposed that a protein of 

about 40 kDa is involved in salt tolerance in R. leguminosarium bv viciae. It obvious 

from the results that all the isolates that perform better in broth media as well as pot 

experiment under NaCl stress expressed stress tolerant genes and could be used as 

successful inoculum for corresponding crop. Therefore, four chickpea (21cp, 22cp, 26cp 

and 27cp) and five green pea (3gp, 12gp, 24gp, 26gp and 27gp) isolates were better in 

relative effectiveness (in comparison to T(N) control and commercial strain (BP)) and 

total shoot nitrogen, tolerant to basic pHs, high salt concentrations, elevated temperatures, 

resistance for majority of antibiotic and heavy metals tested and were able to utilizes wide 

rang of carbon sources and efficient symbionts under salt stress with strong antioxidant 

defense system and salt stress gene expression; are most suitable candidate inoculants. 
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CONCLUSION 

 The occurrence of several phenotypic groups on the basis of physiological, 

molecular and symbiotic characterization suggests that different genomic species might 

exist in Pakistani soils. Therefore, a molecular technique such as sequencing of 16S 

rDNA genes is necessary to confirm whether they represent different biovars or perhaps, 

different species.  

Broad range for antibiotic resistance among soil isolates especially acquired from 

human pathogen bacteria highlight the negative effect of sewerage water on 

environmental bacteria as a source of irrigation.  

The property of increased heavy metal tolerance in tested rhizobia may be 

important in the decontamination of agricultural soils polluted by the heavy metals based 

fungicides. 

Plasmid profiling and RAPD fingerprinting analysis are efficient discriminative 

methods for differentiating and studying genetic diversity of Rhizobium strains.  

Present study led to conclusion that generally bacterial isolates from different 

climatic regimes had the ability to improve growth of chickpea as well as green pea under 

normal as well as salt stress. The growth promotion involved in increased nodule number, 

plant dry matter, total shoot nitrogen, nitrogenase activity and chlorophyll accumulation 

mainly depends upon strain-plant combination. 

Therefore by augmenting stress resistant rhizobia, it is possible to increase their 

ability of host to fix nitrogen and, thus, available nitrogen can be maintained under stress 

conditions. These rhizobial strains could be used on stressed sites as inoculums to 

promote the growth and total protein of leguminous plants.  

It is recommended that isolates with intrinsic abilities of nitrogen fixation, growth 

promotion, pH, temperature and salt stress, Ni and Zn resistance; should be tested in field 

for positive effects on grain yield, ability to reduce the toxicity of nickel and zinc in soil 

as well as plant organs in order to augment the growth and yield of chickpea and green 

pea. 

Nodular POD, SOD and glutathione reductase activities appear to play key role in 

efficient nitrogen fixation by soil isolates subjected to salt mediated oxidative damages.  

More thorough investigation of different isoforms of antioxidant enzyme is 

recommended to understand molecular mechanism of oxidation in more details.     
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The resulting collection of salt resistant isolates of chickpea and green pea will 

certainly provide a valuable resource for further evaluation by 2D gel analysis in order to 

classify stress genes as scanty literature is available for salt stress gene for rhizobium 

associated with both crops. 
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