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Abstract 

Chickpea relies on inoculation with N2-fixing bacteria to fulfill its N requirement. The efficacy of the 

inoculation process hangs on the success of association between N2-fixing bacteria and Chickpea plants. Seed 

treatment with insecticides may kill the inoculated bacteria and result in poor establishment and upshot of the 

symbiosis. Survival efficacy of four rhizobial (Mesorhizobium ciceri) strains (CRI14, CRI20, CRI34 and CRI35) 

selected on the basis of preliminary study, was evaluated at increasing concentration of imidacloprid (0-200 µg L-1). 

Amongst four inoculated strains, the strain CRI20 and CRI35 showed better survival in the presence of Imidacloprid 

when compared to rest of two. Strain CRI35was able to tolerate insecticide above the recommended dose whereas 

the strain CRI20 showed relatively less growth at high concentration. So, for as the efficacy of these strains was 

concerned pertaining to improvement in growth of imidacloprid treated chickpea it was tested in a pot trial. 

Chickpea seeds were treated with recommended dose of imidacloprid and then inoculated with respective rhizobial 

strains as per experimental plan. Un-inoculated treated and untreated seeds were also used for comparison. The 

pots were arranged according to completely randomized design in two sets having three replications each. At 

flowering, plants from one set were uprooted and data regarding nodulation was recorded, whereas, the data 

regarding growth and yield parameters was calculated from other set at maturity. The results showed that 

inoculation not only improved nodulation but also caused a significant increase in growth and yield. Rhizobial 

strain CRI35 performed better than the other which might be due to its better growth promoting traits in addition to 

its ability to tolerate insecticide. Therefore, it is suggested to use only those rhizoidal strains that could tolerate 

agrochemicals and survive well in the rhizosphere and would consequently nodulate legume plants more efficiently. 

Keywords: Insecticide, legume, nodulation, tolerance, yield

Introduction 

The bacteria referred to as rhizobia are able to form 

nodules on legume plants inside of which they fix nitrogen. 

Use of rhizobial strains is a widespread practice for 

enhancing soil fertility and improving crops yield (Li et al., 

2013; Binyamin et al., 2019). In addition to symbiotic 

nitrogen fixation, Rhizobia also produce phytohormones 

that play important role in plant growth and development 

(Dubey et al., 2010; Sahasrabudhe, 2011). However, 

rhizobia are very sensitive to environmental change. The 

agrochemicals such as insecticides, fungicides and 

herbicides, are now used extensively in agriculture for 

enhancing crop production but they can also damage the 

environment and the activities of inoculant bacteria very 

adversely (Ahemad and Khan, 2010). Moreover, these toxic 

chemicals reduce the process of nitrogen fixation by 

affecting the signaling between legume derived 

phytochemicals and rhizobium Nod D receptors (Fox et al., 

2007; Ahemad and Khan, 2011) or reducing the allocation 

of photosynthates to the nodules for N2 fixation (Koopman 

et al., 1995; Datta et al., 2009; Parween et al., 2016). Also, 

the recurrent use of agrochemicals results in 

accumulation/persistence of these chemicals to a level that 

is detrimental to the rhizobium survival and ultimately 

Rhizobium-legume association (Eliason et al., 2004; Wani 

et al., 2005; Ahemad and Khan, 2012a, 2013). The 

pesticides and their degraded products adversely affect the 

process of nitrogen fixation by causing negative impact on 

rhizobium growth therefore reducing the performance of 

agroecosystem (Pham et al., 2004; Anderson et al., 2004; 

Gaind et al., 2007).  
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Among various legumes, chickpea (Cicer arietinum L.) 

is one of the most widely grown legumes in arid and semi-

arid regions. It is not only a good source of protein and 

vitamins (Ali et al., 2010) but also considered a suitable 

crop for improving soil nutrient status (Mohammadi et al., 

2010). Rhizobium-legume symbiosis is one of the important 

associations for increasing nitrogen content of soil in 

semiarid regions of the world. To ensure effective 

nodulation and subsequent nitrogen fixation, the legumes 

are inoculated with suitable rhizobial strains (Zahir et al., 

2018), however, without exhibiting tolerance against 

agrochemicals, the rhizobium could not be able to show its 

full potential for enhancing growth of inoculated plant. 

Therefore, to mitigate the negative impact of pesticides, it is 

necessary to inoculate the seeds with rhizobium which 

displays a wide range of tolerance against pesticides and 

exhibits its growth promoting traits for enhancing plant 

growth under pesticide stress (Wani et al., 2005; Ayansina, 

2009; Ahemad and Khan, 2010). 

The present study was therefore, designed to evaluate 

the survival of four rhizobial strains (CRI14, CRI20, CRI34 

and CRI35) against imidacloprid under axenic conditions. 

All of the four rhizobia were belonged to four different 

strains of Mesorhizobium ciceri. The efficacy of M. ciceri 

strains for enhancing growth and yield of insecticide 

(imidacloprid) treated chickpea was further evaluated by 

conducting a pot trial in green house.  

Materials and Methods 

A number of rhizobial strains were isolated from the root 

nodules of chickpea (Cicer arietinum) plants grown in 

pesticide-contaminated fields using yeast extract mannitol 

media (YEM). For this purpose, chickpea root samples were 

collected from experimental fields of the University of 

Agriculture, Faisalabad according to standard procedure. The 

nodules were separated from these samples and were surface 

sterilized by dipping in 95% ethanol solution momentarily 

followed by dipping in 0.2% HgCl2 solution and then 

washings with sterilized water (Russel et al., 1982). 

The surface sterilized nodules were crushed in a 

minimal volume of sterilized water and a loopful of the 

suspension was streaked out on yeast extract mannitol 

(YEM) agar medium (Vincent, 1970). Plates were incubated 

at 28 ± 1 0C and well isolated, single colonies, shiny in 

appearance, were picked and re-streaked on fresh plates to 

obtain the pure cultures. 

Growth pouch trial 

To evaluate the potential of rhizobial isolates for 

enhancing growth of chickpea, an axenic study was 

conducted under controlled conditions. Broth of each isolate 

was prepared, and surface sterilized seeds (pesticide free 

seeds) of chickpea were inoculated by dipping in respective 

broth. Three inoculated seeds were placed in each sterilized 

(autoclaved) growth pouch. In case of control, seeds were 

dipped in sterilized broth. Growth pouches were placed in 

growth chamber and were arranged using a completely 

randomized design with three replications of each treatment. 

The light intensity in growth chamber was adjustedto350 

μmol m-2 s-1 with 8 h dark and 16 h light period and 

temperature was maintained at 25±2°C. For nutrition, 

sterilized Hoagland solution (half strength) was applied. 

After twenty-two (22) days, plants were harvested and data 

regarding shoot/root length and shoot/root fresh weight were 

collected. The data were analyzed statistically (Steel et al., 

2007) and four strains (CRI14, CRI20, CRI34 and CRI35) were 

selected for further study by General Linear Model (Mead et 

al., 2003) using MinitabTM version 16 software. Rhizobial 

strains were confirmed as Mesorhizobium ciceri through 

host specificity test (Somasegaran and Hoben,1994).  

Insecticide tolerance of selected strains 

Four rhizobial strains (CRI14, CRI20, CRI34 and CRI35) 

were tested for their ability to tolerate various concentration 

of imidacloprid (0, 50, 100, 150 and 200 µg L-1). For this 

purpose, broth of Yeast Extract Mannitol (YEM) media 

were prepared in flasks and amended separately with 

increasing concentration of imidacloprid (0, 50, 100, 150 

and 200 µg L-1). Then, these flasks were inoculated with 

each rhizobium strain repeated three times. The flasks were 

placed in shaking incubator at 28 ± 2oC. After 72 hours, the 

optical density was observed at 540 nm. The strains which 

showed high optical density compared to other strains at 

increasing concentration of imidacloprid were considered as 

insecticide tolerant. 

Evaluating inoculation impact on insecticide 
treated chickpea in pot culture 

The effect of inoculation of rhizobia on chickpea 

treated with recommended dose of imidacloprid was 

evaluated by conducting a pot trial in green house. For this 

purpose, surface sterilized seeds of chickpea were treated 

with recommended dose (100 µg L-1) of imidacloprid 

(Ahemad and Khan, 2012). The treated and untreated seeds 

were inoculated separately with freshly prepared culture of 

two rhizobial strains (CRI20, and CRI35) that were already 

selected on the basis of their ability to tolerate high 

concentration of imidacloprid. Three seeds were sown in 

each pot of having twenty (20) kilogram sieved soil mixed 

with recommended dose of NPK fertilizer. Un-inoculated 

treated and untreated seeds were also sown for comparison. 
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The pots were arranged according to completely randomized 

design. There were two sets of pots each having three 

replications. After emergence, uniform population of one 

plant was maintained in each pot. The water requirement of 

the plant was fulfilled with good quality water fulfilling the 

criteria of Ayers and Westcot (1985). At flowering, plants 

from one set were uprooted and data regarding number of 

nodules, nodule fresh weight and nodule dry weight were 

recorded. The data regarding growth and yield parameter 

were recorded from the second set at maturity. Root and 

shoot samples were analyzed for nitrogen and phosphorus 

content (Ryan et al. 2001). The collected data were 

subjected to statistical analysis according to Steel et al. 

(2007) using SPSS software version 19. 

Bacterial population in chickpea rhizosphere 

Population of bacteria (culturable counts) in chickpea 

rhizosphere was determined by agar plate dilution method. 

For this purpose, the rhizosphere soil samples from each 

treatment (treated with imidacloprid and untreated) were 

collected. One-gram rhizosphere soil was mixed with 9 mL 

of sterilized water. Then 1 mL of solution from this test tube 

was taken and added to another test tube with 9 mL 

sterilized water. This gives a dilution of 10–2 and in the 

same pattern dilutions up to 10–7 were prepared. From these 

dilutions, an aliquot of 100 µL was spread plate method on 

nutrient plates and incubated for 48 hours in an incubated at 

28oC ± 2oC. After incubation, bacterial colonies grown on 

nutrient agar medium were counted and bacterial 

populations were enumerated and expressed as colony 

farming unit per gram of soil (cfu g-1 of soil).  

Characterization of strains  

The selected rhizobial strains were characterized for 

their ability to colonize chickpea root, indole acetic acid 

production, phosphate solubilization, siderophores synthesis 

and exopolysaccharides production. Root colonization assay 

was determined by modified method of Simons et al. 

(1996). Phosphate solubilization ability of the rhizobial 

strains was observed on Pikovskaya’s agar medium 

(Pikovskaya, 1948) containing tricalcium phosphate as 

insoluble phosphate source. The strains were examined for 

their ability to produce indole acetic acid using the method 

proposed by Brick et al. (1991). The method of Alexander 

and Zuberer (1991) was used to determine the ability of 

strain to synthesize siderophores qualitatively. 

Exopolysaccharides production was determined 

qualitatively by grown in growth medium at 150 rpm at 

25oC. Supernatant was collated and then cold absolute 

ethylene was added drop wise under stirring and the 

formation of a precipitate was considered as positive for the 

production of exopolysaccharides (Nicolaus et al. 1999). 

Results 

Axenic Trial 

Data regarding shoot/root length of chickpea showed 

that inoculation with rhizobial strains caused significant 

effect on these growth parameters (Table 1). Maximum 

shoot length (44% more than un-inoculated control) was 

obtained with CRI20 followed by CRI34 and CRI35. Isolate 

CRI20 and CRI34 also caused maximum increase in root 

length that was 54% more than un-inoculated control and 

both rhizobial strains were statistically similar. Data 

regarding shoot weight also showed that inoculation with 

rhizobial isolates improved the weight compared to un-

inoculated control (Table 1). The most effective strain was 

CRI14 (46% more shoot weight than control) followed by 

CRI34 and CRI20. Isolate CRI20 also caused maximum 

increase in root weight. Next effective strains were CRI34 

and CRI35.  On overall basis isolates CRI14, CRI20, CRI34 

and CRI35 showed promising results during growth pouch 

study and selected for further study.   

Assessment of pesticide tolerance of rhizobial 
strains 

Four rhizobial strains were assessed for their potential to 

tolerate insecticide against five levels of imidacloprid. In the 

absence of imidacloprid, all strains showed good growth 

(Figure 1). At lower levels of pesticide (0 and 50 µg L-1), 

the growth of all rhizobial strains remained unaffected. 

However, at recommended dose of imidacloprid (100 µg L-

1), statically significant reduction in growth of CRI14 and 

CRI34 strains was observed while the growth CRI20 and 

CRI35 strains remained almost at par of their growth at 0 µg 

L-1 level of imidacloprid. However, the growth of CRI20 

significantly decreased at high level (150 µg L-1) as 

compared to its growth at 0 µg L-1 level of imidacloprid. 

Further, the growth of CRI35 strain was also decreased at 

higher level, however, it was remained able to maintain its 

growth at highest concentration i.e. 200 µg L-1 of 

imidacloprid that showed its ability to tolerate high 

concentration of insecticide. 

  
Figure 1: Effect of increasing rate of imidacloprid on 

growth of rhizobium strains 
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Characterization of strains  

The results of characterization about various traits (Table 

2) showed that these strains have higher colonization of roots 

with CRI35 having the maximum root colonization ability 

followed by CRI14, CRI20 and CRI34. Strains CRI18 did not 

show phosphate solubilization ability while CRI20 had 

maximum ability compared to others. The results regarding 

production of IAA in the presence of L-tryptophan showed that 

CRI35 produced maximum indole acetic acid followed by 

CRI20. It has been observed that strains CRI34 and CRI35 were 

found positive regarding siderophores production. Strains 

CRI20 and CRI35 showed the production of exopolysaccharides 

when examined qualitatively. 

Table 1. Effect of different rhizobial isolates on shoot /root length of chickpea 

Isolate Shoot length (g/plant) Root length (cm/plant) Shoot weight (g/plant) Root weight (g/plant) 

CRI1 16±0.14 13±0.13 0.48±0.05 0.20±0.02 

CRI2 18±0.12 15±0.14 0.51±0.08 0.23±0.03 

CRI3 16±0.10 14±0.18 0.55±0.09 0.21±0.04 

CRI4 17±0.12 15±0.11 0.47±0.02 0.24±0.02 

CRI5 18±0.21 17±0.12 0.49±0.03 0.28±0.02 

CRI6 17±0.21 14±0.21 0.47±0.05 0.20±0.03 

CRI7 19±0.22 16±0.21 0.49±0.06 0.23±0.04 

CRI8 19±0.23 17±0.23 0.51±0.07 0.27±0.01 

CRI9 15±0.21 13±0.20 0.60±0.07 0.20±0.02 

CRI10 16±0.10 14±0.19 0.51±0.06 0.19±0.02 

CRI11 18±0.20 16±0.20 0.52±0.08 0.21±0.02 

CRI12 17±0.19 15±0.18 0.53±0.07 0.23±0.01 

CRI13 16±0.13 14±0.20 0.54±0.09 0.21±0.03 
*CRI14 20±0.22  18±0.12  0.70±0.03  0.32±0.03  

CRI15 21±0.11 18±0.14 0.56±0.11 0.31±0.01 

CRI16 20±0.14 17±0.17 0.61±0.06 0.29±0.01 

CRI17 18±0.13 17±0.18 0.58±0.07 0.30±0.03 

CRI18 19±0.21 16±0.14 0.59±0.09 0.27±0.03 

CRI19 16±0.20 15±0.09 0.58±0.08 0.25±0.04 
*CRI20 23±0.12  20±0.10 0.67±0.08 0.39±0.03 

CRI21 19±0.13 18±0.11 0.59±0.05 0.31±0.04 

CRI22 19±0.22 17±0.09 0.60±0.06 0.31±0.02 

CRI23 18±0.19 17±0.08 0.58±0.07 0.28±0.03 

CRI24 20±0.12 19±0.11 0.61±0.10 0.31±0.03 

CRI25 17±0.17 15±0.14 0.55±0.02 0.24±0.02 

CRI26 18±0.18 16±0.20 0.54±0.08 0.26±0.02 

CRI27 19±0.18 17±0.14 0.51±0.07 0.27±0.02 

CRI28 20±0.19 18±0.19 0.60±0.09 0.31±0.02 

CRI29 19±0.22 17±0.18 0.59±0.08 0.28±0.01 

CRI30 20±0.18 18±0.21 0.58±0.07 0.29±0.02 

CRI31 21±0.19 17±0.22 0.59±0.05 0.30±0.03 

CRI32 19±0.19 17±0.21 0.57±0.04 0.29±0.02 

CRI33 18±0.17 17±0.20 0.59±0.06 0.28±0.02 
*CRI34 22±0.13 20±0.07 0.69±0.04 0.35±0.05 
*CRI35 21±0.10 19±0.20 0.60±0.05  0.37±0.03 

CRI36 19±0.18 18±0.21 0.58±0.03 0.30±0.03 

CRI37 19±0.19 15±0.22 0.58±0.05 0.31±0.02 

CRI38 18±0.20 16±0.18 0.54±0.06 0.29±0.05 

CRI39 18±0.19 17±0.17 0.55±0.04 0.28±0.05 

CRI40 19±0.18 17±0.20 0.59±0.07 0.29±0.04 
*Selected for further study on cumulative basis according to General Linear Model 
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Effect of inoculation on growth parameters of 
imidacloprid treated chickpea plants 

Data (Table 3) showed that non-significant change was 

recorded in plant height of imidacloprid treated and untreated 

chickpea. However, the inoculation with pesticide-tolerant 

M. ciceri significantly enhanced the plant height of chickpea 

when compared with un-inoculated control. Both strains 

were equally effective for improving the plant height of 

imidacloprid treated and un-treated chickpea plants and 

statistically similar results were obtained regarding plant 

height due to inoculation with CRI20 and CRI35.  

A significant increase in fresh biomass of chickpea was 

observed due to inoculation in treated and untreated plants 

compared to un-inoculated ones (Table 3). Non-significant 

difference was observed in case of treated and untreated 

plants. Maximum improvement in fresh biomass (38.60%) 

was observed due to inoculation with CRI35 in untreated 

plants followed by inoculation with same strain in 

imidacloprid treated plants i.e. 36.66 %. 

A significant decrease in root length was observed in 

case of imidacloprid treated control plant compared to un-

treated ones (Table 3). Similarly, decrease in root length 

was also observed in case of inoculated treated plant when 

compared with untreated plants, however, this decrease was 

non-significant. Inoculation caused significant increase in 

the root length of chickpea as compared to respective un-

inoculated control in the presence and absence of 

imidacloprid treatment.  

Root dry weight was significantly improved due to 

inoculation with CRI35 in insecticide treated plants (Table 

3). The strain CRI35 caused significant increase in root dry 

weight in the presence and absence of imidacloprid when 

compared with respective un-inoculated control treatment. 

The increases in root length over the respective un-

inoculated control in case of treated and untreated seeds 

were 44.76 and 54.87%, respectively. 

Results (Table 4) showed that seed treatment with 

imidacloprid significantly decreased the number of pods 

plant-1 except in case of treatment where seeds were 

inoculated with CRI35. Inoculation with pesticide tolerant M. 

ciceri strains significantly improved the pods formation 

compared to un-inoculated control. Maximum improvement 

in number of pods plant-1 was observed due to inoculation 

with CRI35 in imidacloprid treated plants. 

Effect of inoculation on nodulation and yield 
of imidacloprid treated chickpea plants 

Seed treatment of chickpea with imidacloprid adversely 

affected the nodulation process. Seed treatment significantly 

decreased the number of nodules when compared with 

untreated plants (Table 4). However, inoculation with 

pesticide tolerant M. ciceri strains reduced the negative effect 

of imidacloprid treatment on nodulation and significantly 

improved the number of nodules. The results of strain CRI35 

were more pronounced in imidacloprid treated plants where it 

gave significantly better performance than CRI20. The 

increase in number of nodules due to CRI35 was 93% more 

compared to respective un-inoculated control. The results of 

inoculation were also convincing in untreated plants and 

significant increase in number of nodules was observed in 

inoculated plants compared to un-inoculated ones. The effect 

of inoculation was also significant regarding nodule dry 

Table 2. Characterization of rhizobium strains (Average of four replications) 

Isolate Root colonization 

(CFU per gram of 

root) 

Phosphate 

solubilization 

Halo size (cm) 

Indole acetic acid 

(µg/mL) 

Siderophores 

production 

Exopolysaccharides 

production 

CRI14 2.1 x 109 - 25.3 ± 2.1 - - 

CRI20 4.0 x 108 15.0 ± 1.7 32.8 ± 2.8 - + 

CRI34 3.5 x 107 10.5 ± 1.2 29.5 ± 2.5 + - 

CRI35 2.8 x 109 17.0 ± 1.4 39.0 ± 3.4 ++ + 

 

Table 3. Effect of inoculation on plant height, plant biomass, root length and root dry weight of root of chickpea  

 Plant height (cm) Plant biomass (g) Root length (cm) Root dry weight (gm) 

 T0 T1 T0 T1 T0 T1 T0 T1 

Control 40.2 d  35.9 e 41.4 e 35.4 f 21.5 bc 15.7 d 1.86 cd 1.67 d 

CRI14 41.5 d 37.2 e 50.2 c 44.2 d 28.2 a 22.7 b 2.16 ab 2.01 bc 

CRI20 48.2 ab 48.4 ab 53.3 b 50.3 c 29.2 a 23.5 b 2.06 bc 1.90 c 

CRI34 44.3 c  36.1 e 48.9 cd 42.7 de 26.7 ab 20.9 c 2.13 b 2.10 b 

CRI35 50.6 a 48.9 ab 56.6 a 56.1 a 28.2 a 28.7 a 2.23 a 2.22 a 
T0- Untreated seed; T1- Imidacloprid treated seed 
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weight (Table 4). Both strains CRI20 and CRI35 showed 

equally good results which were significantly better than 

respective un-inoculated control. 

Similar to number of pods, the grain yield pot-1 was 

also decreased due to imidacloprid treatment in the absence 

of inoculation (Table 4). Both the strains, CRI20 and CRI35, 

significantly improved the grain yield pot-1 in imidacloprid 

treated and untreated plants. The results were more 

prominent in case of inoculation with CRI35 where the 

improvements in grain yield pot-1 were 92 and 82% in 

imidacloprid treated and untreated plants, respectively. 

Both strains showed non-significant results regarding 

100-grain weight of imidacloprid treated and untreated 

chickpea plants however, it was significantly higher when 

compared with un-inoculated control (Table 4). Inoculation 

significantly improved the 100-grain weight of chickpea as 

compared to respective un-inoculated control in the presence 

and absence of imidacloprid treatment.  

Inoculation enhanced the nitrogen and phosphorus contents in 

both root and shoot of chickpea plant in imidacloprid treated 

and untreated plants (Table 5). Up to 31 and 11% increases in 

nitrogen content of root over control were recorded with 

CRI35 in imidacloprid treated and untreated plants 

respectively. In case of shoot, the increases in nitrogen 

content with same strain were 22 and 11% in treated and 

untreated treatment. Phosphorus contents of chickpea root 

was 16% more CRI20 than un-inoculated in treated plants 

however, it was statistically similar with other treatments. In 

case of shoot, the highest phosphorus content was obtained 

with CRI35 that was 24% than un-inoculated control.  

 
Figure 2: Impact of imidacloprid on bacterial population 

in chickpea rhizosphere  

Bacterial population density in chickpea 
rhizosphere 

Treatment with imidacloprid also adversely affected the 

bacterial population in the chickpea rhizosphere where a 

significant decrease in total viable bacterial count was 

observed when compared with untreated control (Figure 2). 

However, application of pesticide-tolerant rhizobial strains 

maintained the growth of viable bacteria in the rhizosphere 

and significant improvement in the viable bacterial cell was 

observed in pesticide-treated plant. The strain CRI35 showed 

more prominent results than CRI20 and the results were 

Table 4: Effect of rhizobial inoculation on number of nodules, number of pods, grain yield and 100 grain weight of 

chickpea  

 No. of nodules per 

plant 

Nodules dry weight 

(gm) 

No. of pods per 

plant 

Grain yield per pot 

(gm) 

100 grain weight 

(gm) 

 T0 T1 T0 T1 T0 T1 T0 T1 T0 T1 

Control 32.6 d 28.0 e 0.23 e 0.19 f 45 c 39 e 6.9 d 5.5 e 31.2 b 30.1 bc 

CRI14 48.0 b 44.9 c 0.29 cd 0.27 de 50 bc 41 d 9.8 bc 8.4 c 35.4 ab 34.9 ab 

CRI20 52.3 a  49.0 b 0.33 b 0.31 bc 55 b 52 b 10.0 b 9.6 bc 36.0 a 34.5 ab 

CRI34 51.4 ab 45.0 c 0.33 b 0.30 c 53 b 45 c 10.2 ab 9.4 bc 36.1 a 36.4 a 

CRI35 53.6 a 49.3 b 0.37 a 0.36 a 62 a 59 a 12.0 a 10.4 a 37.9 a 36.2 a 
T0- Untreated seed; T1- Imidacloprid treated seed 

Table 5: Effect of rhizobial inoculation on nitrogen and phosphorus contents of imdacloprid treated chickpea 

Strains Nitrogen (N) content (mg/g) Phosphorus (P) content (mg/g) 

 Root Shoot Root Shoot 

T0 T1 T0 T1 T0 T1 T0 T1 

Control 39.7 c 33.9 d 55.6 bc 45.5 c 0.28 bc 0.25 c 0.31 c 0.28 e 

CRI14 40.2 bc 35.5 cd 58.9 ab 54.7 bc 0.30 b 0.25 c 0.39 a 0.33 bc 

CRI20 42.5 b 40.1 bc 60.2 a 58.2 ab 0.33 a 0.29 b 0.36 ab 0.31 c 

CRI34 41.5 b 40.5 b 60.7 a 56.7 b 0.32 ab 0.24 c 0.41 a 0.35 b 

CRI35 45.0 a 44.5 a 61.9 a 58.8 ab 0.34 a 0.27 bc 0.40 a 0.37 ab 
T0- Untreated seed; T1- Imidacloprid treated seed 
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significantly better when compared to CRI20 and respective 

un-inoculated control in imidacloprid treated and untreated 

plants. 

Discussion 

In the present study, among four rhizobial strains those 

were assessed for their potential to tolerate pesticide, two 

strains CRI20 and CRI35 showed tolerance against higher 

levels of imidacloprid while the other strains CRI14 and 

CRI34 were sensitive to pesticide even when tested at lower 

levels. The mechanism of pesticide tolerance in microbes is 

a complex process which depends upon the physiology and 

genetics of the microorganisms. The microbes those having 

potential to degrade the pesticide (organic compound to 

meet their carbon requirement) showed resistance against 

them (Ortiz-Hernandez and Sanchez-Salinas, 2010). The 

insecticide tolerance of rhizobial strains might be due to 

their ability to use imidacloprid as a carbon source for their 

metabolism because there was no other carbon source in that 

medium supplied to bacterial strains for their growth. The 

variation in tolerance to imidacloprid by rhizobium strains 

might be due to various strategies adopted by the bacteria 

such as biodegradation and enzyme hydrolysis to overcome 

the toxic effect of chemicals (Herman et al., 2005; Yang and 

Lee, 2008). The tolerance against a pesticide may be 

temporary one that is due to induction of new metabolic 

pathway to bypass a biochemical reaction that could inhibit 

the growth of microbe (Bellinaso et al., 2003). Permanent 

resistance, on the other hand, depends on genetic 

modifications, inherited by the subsequent generation of 

microbes (Herman et al., 2005). The better tolerance of 

CRI20 and CRI35 compared to other strains might be due to 

their ability to produce exopolysaccharides (EPS). As the 

EPS provides protection to bacteria against environmental 

stress (Tank and Saraf, 2003), it is possible that bacteria 

secreted more EPS in the presence of insecticide to shield 

themselves against toxic effect of insecticide. It is also 

evident from the work of Ahemad and Khan (2012) where 

Mesorhizobium sp. when exposed to high concentration of 

pesticide produced more EPS compared to its low 

concentration. 

Pesticides not only damage structural proteins essential 

for the microbial growth but are also responsible for geno-

toxicity (Pham et al., 2004). The application of pesticides at 

high concentration decreases functioning and survival of 

organisms (Kumar et al., 2010). In our studies, imidacloprid 

treatment to chickpea seeds at normal rate showed non-

significant effect on growth parameters while a significant 

decrease in nodulation, growth and yield parameters of 

chickpea was observed. This might be due to toxic effects of 

pesticide on microbial activity and nitrogen fixing ability 

which ultimately leads to decrease in yield of chickpea 

plants. A decrease in plant growth and yield due to pesticide 

application has also been observed in earlier studies owing 

to negative effects of pesticides on indigenous microbial 

population (Guene et al., 2003) and enzyme inhibition 

(Zablotowicz and Reddy, 2004) that lead to decrease in 

nitrogen fixation (Fox et al., 2007). It has been observed 

that use of chemicals like fungicides, to protect plant from 

diseases, are toxic to rhizobial growth and viability, even if 

rhizobia remain viable, its efficiency to fix nitrogen can be 

reduced (Zahran, 1999; Guene et al., 2003, Ahemad and 

Khan, 2013). 

Soil fertility is directly related to microbial processes 

which are responsible to supply nutrients for plant growth 

(Smith, 1991). Nitrogen is the most important and limiting 

nutrient in plant nutrition which is directly related to 

population and symbiosis of rhizobia in the soil. So, 

nodulation and soil microbial population are the important 

parameters to describe the effect of pesticides on soil 

fertility. In our studies, imidacloprid has significantly 

decreased the nodulation and soil bacterial population. The 

inhibitory effect on these parameters may be attributed to 

the toxicity of imidacloprid for indigenous rhizobial strains 

and rhizosphere microflora. However, this inhibitory effect 

was diluted due to inoculation with pesticide tolerant 

Mesorhizobium sp. Similar results have also been reported 

by other workers (Yang and Lee, 2008; Zaidi et al., 2009, 

Ahemad and Khan, 2009, 2012a).  

Interestingly, inoculation with Mesorhizobium strains 

improved the plant growth and yield in imidacloprid treated 

and untreated plants, however, with variable degree of 

efficacy. The more significant results of these strains in 

imidacloprid treated plants may be due to detoxification of 

imidacloprid (Yang and Lee, 2008) and also due to other 

direct or indirect plant growth promoting characters (Zaidi 

et al., 2009). Hence, this trait confers the selective 

advantage to compete with other soil microflora (Ayansina, 

2009). The detoxification potential of these strains is also 

supported by their prolific growth on minimal media having 

imidacloprid as carbon source. In our study, the significant 

improvement in growth and yield parameters in the presence 

of insecticide was might be due to the tolerant ability of 

rhizobium strain against imidacloprid. The presence of these 

insecticide tolerant strains reduced the toxic effect of 

insecticide on chickpea. Consequently, M. ciceri improved 

the growth, yield and nodulation in chickpea plants by 

protecting the chickpea from imidacloprid toxicity. It is also 

evident from the work of Ahemad and Khan (2009). The 

improvement of plant growth yield and nodulation may also 

be attributed to other growth promoting traits such as IAA 

production, phosphate solubilization, exopolysaccharides 

and siderophores synthesis which play important role in 
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plant growth promotion. For example, exopolysaccharides 

production helps in nitrogen fixation by preventing high 

oxygen tension (Tank and Saraf, 2003). The better growth 

of CRI20 and CRI35 might be due to the reason that 

exopolysaccharides provide it protection against the stressed 

environments and ultimately enable it to enhance plant 

growth compared to other strains. Earlier work of Ahemad 

and Khan (2012b) also showed that exopolysaccharides 

producing Pseudomonas showed better growth in fungicide 

treated environment.  

Conclusion 

It is concluded that inoculation with pesticide tolerant 

rhizobial strains (M. ciceri) improved the chickpea growth 

and yield. Therefore, such strains can be used in conditions 

where seed treatment is done with insecticide. However, 

further evaluation of these strains under farmer’s field 

conditions is needed so that suitable biofertilizer can be 

prepared for improving chickpea growth on sustainable 

basis in pesticide-treated soils. 
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