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A B S T R A C T 
A field study was carried out to determine the interactive effects of two species of arbuscular mycorrhizal fungi 
[Funneliformis caledonius (Fc) and Glomus bagyarajii (Gb)], Rhizobium (R), and sewage sludge (SS) on the growth, 
physiology, microbial population and N, P, K content in chickpea grown in autoclaved garden soil (S) and soil mixed with 
20% sewage sludge. The growth parameters of chickpea were recorded 60 days after sowing. The plant height, fresh and 
dry weight, biochemical content (total chlorophyll, carotenoid, protein content and nitrate reductase activity), microbial 
population (Rhizobial nodule count and percent root colonization by AM fungi) as well as N, P, K content increased 
significantly on application of 20% sewage sludge in the soil. Microbial inoculation in the sewage sludge amended soil 
enhanced all plant growth and biochemical parameters. The highest plant growth response was obtained in the 
treatment SS + R + Gb. The proline content (an indicator of plant stress) was highest in chickpea raised in soil amended 
with sewage sludge. 
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The agriculture sector is the mainstay of the Indian 

economy; more than half of India's population is wholly or 

significantly dependent on agriculture and allied activities for 

their livelihood [1]. Pulses, a rich source of protein are grown 

in places with unique agro-climatic conditions and are essential 

dietary supplement for vegetarian Indians. Chickpea 

(Cicer arietinum L.) is India's oldest and most widely cultivated 

pulse crop. It is distinctive due to its high protein content to 

about 40% of its weight [2]. 

Plant-growth-promoting symbiotic rhizobacteria, 

mainly Rhizobium, invade root cells of legumes and forms root 

nodules where in the bacteria fix atmospheric nitrogen into the 

form available to the host [3], while arbuscular mycorrhizal 

fungus (AMF) also forms symbiotic association with the host 

plant and produce highly convoluted projections termed as 

arbuscules within the root cortex, that serve as a nutrient 

exchange site (mainly phosphorus) for the plant [4]. The 

interaction between the two symbiotic species with the legume 

provides sustenance and defence from soil-borne pathogens to 

the host plant [5]. The tripartite symbiotic associations 

between Rhizobium, AMF and legumes show the intricacy of 

microbial interactions, leading to increased plant tolerance to 

environmental stress [6-7]. 

In agricultural lands, the application of sewage sludge 

has become a widely recognized practice for soil protection and 

residual disposal. Sewage sludge, a by-product of treated 

wastewater, is a source of organic matter, nitrogen, phosphorus 

and other nutrients. If handled properly and used in appropriate 

amounts, the sewage sludge application can enhance organic 

fertility of degraded lands [8]. Judicious application of sewage 

sludge may reduce the economy burden of synthetic fertilizers 

[9] in addition to environment threats of unsafe sewage sludge 

disposal and otherwise adverse effects of fertilizers on soil 

properties. Overuse of sewage sludge is injurious to plant health 

and food chain organisms due to presence of heavy metals like 

As, Cd, Cr, Cu, Hg, Ni, Pb and Zn in it [10-11]. These toxic 

elements enter the food chain and cause poisoning in humans 

and other food chain organisms [12-13]. The present study was 

designed to evaluate the co-inoculation potential of sewage 

sludge, AMF (Funneliformis caledonius and Glomus 

bagyarajii) and Rhizobium to improve growth, and physiology, 

nodulation, nutrient uptake and root colonization by AM fungi 

in chickpea crop. 

 

MATERIALS AND METHODS 
 

Preparation of soil-sewage sludge mixture 

The garden soil for the experiment was collected from 

the Department of Botany, AMU and divided into two equal 

sections. One section of the soil was autoclaved at 121°C for 20 

minutes, the other half was amended with the 20% dried sewage 
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sludge obtained from AMU's sewage treatment plant. The 

sewage sludge collected was air-dried, powdered, and sieved 

through a 2 mm mesh. The soil and sludge mixture (80:20 w/w) 

was then autoclaved. 

 

Pot experiment 

The pots were filled with sterilized garden soil and equal 

number of pots with sewage sludge amended soil and placed in 

a glasshouse. The pure cultures of two AMF (F. caledonius and 

G. bagyarajii) obtained from the CNBRCD's Bangalore culture 

collections were multiplied separately prior to the experiment. 

Seeds of chickpea (Cicer arietinum L.) obtained from authentic 

seed seller, Aligarh were surface-sterilized for 15 minutes with 

0.5 percent sodium hypochlorite and then rinsed with distilled 

water. 

The certified and viable Rhizobium culture-specific for 

chickpea was obtained from Krishi Vigyan Kendra, Aligarh. 

The surface sterilized chickpea seeds were treated 

with Rhizobium culture mixed with jaggery and then dried in 

the shade before sowing. 10g of each AMF inoculum was filled 

separately in the potting hole for treatments with two separate 

AMF. The experiment thus had the following 12 treatments (6 

with garden soil alone and 6 with soil amended with 20% 

sewage sludge). Treatments included: 

 

i) Control Soil (S) vii) S with sewage sludge (SS) 

ii) S + Rhizobium (R) (S+R) viii) SS + Rhizobium (SS + R) 

iii) S + Funneliformis caledonius (Fc) (S + Fc) ix) SS + Funneliformis caledonius (SS + Fc) 

iv) S + Glomus bagyarajii (Gb) (S + Gb) x) SS + Glomus bagyarajii (SS + Gb) 

v) S + R + Fc xi) SS + R + Fc 

vi) S + R + Gb xii) SS + R + Gb 

Each of these treatments were replicated three times. The 

experiment was terminated 60 days after sowing of chickpea 

seeds to determine the factor resulting in optimal plant growth, 

physiological parameters, microbial population and nutrient 

contents. The plant height was determined using a metric scale. 

Plants were weighed separately to record their fresh weight. The 

dry weight of plants was determined after the samples were 

dried at 60°C to a constant weight. The photosynthetic pigments 

in leaves were estimated following the standard protocols given 

by Mackinney [14], while the nitrate reductase activity, protein 

content and proline (indicator of plant stress) in leaves was 

determined by the methods of Jaworski [15], Lowry et al. [16] 

and Bates et al. [17] respectively. Root nodules per plant were 

counted, and percent root colonization by AM fungi was 

determined. The roots were cut into segments of 1 cm, stained 

with trypan blue [18], and observed under the microscope to 

determine percent mycorrhizal root colonization by the method 

of Giovannetti and Mosse [19]. Plant samples were powdered 

and were digested following the standard procedures outlined 

by Lindner [20] for the estimation of N, P and K. 

The statistical analysis was performed by one-way 

ANOVA using SPSS version 17 (SPSS, Chicago, IL, USA). 

Duncan's multiple range test analyzed the significant difference 

among treatments at p < 0.05. 
 

RESULTS AND DISCUSSION 
 

The amendment of soil with Rhizobium or either of the 

selected species of AM fungi increased the chickpea plant 

length, fresh weight, dry weight and N, P, K contents 

significantly. These findings established that symbiotic 

association with any of these three micro-organisms enhanced 

the uptake of N, P, K in the host plant and in turn, increased the 

total length, fresh and dry weight (Table 1). Soil microbes play 

a significant role in increasing the uptake of nutrients beneficial 

for plant growth and yield [21-22]. There was no significant 

difference (p > 0.05) in the growth of chickpea plant in soil 

inoculated singly with either of three symbionts (Rhizobium, F. 

caledonius and G. bagyrajii). The growth responses on 

combined application of Rhizobium and either of AM fungi in 

garden soil was relatively better than on application of a single 

microbe in 60 days old chickpea plant (Table 1).

 

Table 1 Impact of inoculation of AMF and/or Rhizobium on growth of 60 days old chickpea grown in garden soil with or without 

sewage sludge application 

Treatments 
Total length 

(cm) 

Fresh weight 

(g) 

Dry weight 

(g) 

Nitrogen 

(mg/g) 

Phosphorus 

(mg/g) 

Potassium 

(mg/g) 

Soil 15.50±1.36g 11.77±1.00h 2.70±0.12h 1.76±0.09d 0.15±0.02g 1.02±0.08f 

Soil + Rhizobium 20.10±1.39f 15.80±1.64g 3.20±0.17g 2.09±0.09cd 0.18±0.02fg 1.15±0.08ef 

Soil + Funneliformis caledonius 20.50±0.83f 17.47±1.05fg 3.90±0.12f 2.11±0.09cd 0.18±0.01fg 1.18±0.09ef 

Soil + Glomus bagyarajii 21.90±1.07ef 18.53±1.03efg 3.30±0.12g 2.16±0.15cd 0.19±0.01efg 1.24±0.10def 

S + R + Fc 25.00±1.59e 20.47±1.56def 4.60±0.12de 2.16±0.15cd 0.21±0.02cdef 1.32±0.07cdef 

S + R + Gb 25.50±0.92e 21.20±1.53cdef 4.30±0.12ef 2.07±0.15cd 0.22±0.01cdef 1.37±0.09cde 

20% sewage sludge in garden soil 30.30±1.25d 22.40±1.25cde 4.83±0.15d 2.28±0.14bc 0.20±0.01def 1.35±0.09cdef 

SS + R 33.27±1.17cd 23.53±1.66cd 5.77±0.18c 2.30±0.11bc 0.24±0.02bcde 1.42±0.10cde 

SS + Fc 35.53±1.26bc 23.33±1.19cd 5.83±0.15c 2.27±0.12bc 0.25±0.02bcd 1.52±0.14bcd 

SS + Gb 35.47±1.26bc 25.17±1.09c 7.10±0.17b 2.40±0.12bc 0.26±0.02bc 1.60±0.11bc 

SS + R + Fc 38.27±1.01b 29.27±1.65b 6.70±0.12b 2.60±0.10ab 0.29±0.01ab 1.78±0.12ab 

SS + R + Gb 43.1±1.55a 33.37±1.30a 7.63±0.18a 2.90±0.11a 0.33±0.02a 2.04±0.09a 

Mean ± SE 
S=soil, R= Rhizobium, Fc= Funneliformis caledonius, Gb= Glomus bagyarajii and SS= 20% sewage sludge in garden soil. 
Different alphabets in each stage show statistically significant variation at p < 0.05 as per DMRT 

The addition of 20% sewage sludge in soil even without 

AMF enhanced the total plant length, fresh and dry weight and 

N, P, K content significantly than the growth performance of 

chickpea plant grown either in garden soil with or without 

selected symbiotic microbes (Table 1). The increase in plant 

biomass on sewage sludge amendment is in conformity with the 

findings of Dar et al. [23]. The nutrient rich sewage sludge has 

been found beneficial for plant growth [24-25]. It was suggested 
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that low amounts of sewage sludge in the soil increased the 

plant length [26]. The growth response of chickpea in sewage 

sludge amended soil was better on inoculation with either of the 

selected AM fungi as compared to inoculation of Rhizobium 

alone. The tripartite symbiosis (chickpea, Rhizobium and either 

of selected AM fungi) increased the plant growth and N, P, K 

uptake to a relatively greater extent than on symbiosis with 

anyone of the microbes. The higher growth of chickpea plant 

was recorded in sewage sludge amended soil and combined 

application of Rhizobium and Glomus bagyarajii (Table 1). 

Higher N, P, K uptake in symbiotically associated host plants 

has also been reported earlier [27-28]. 

 

Table 2 Impact of inoculation of AMF and/or Rhizobium on biochemical parameters of 60 days old chickpea grown in garden 

soil with or without sewage sludge application 

Treatments 
Total chlorophyll 

(mg/g FW) 

Carotenoid 

(mg/g FW) 

NRA 

(μmh-1g-1) 

Protein 

(mg/g FW) 

Proline 

(µmol/g FW) 

Soil 1.68±0.14d 0.16±0.03h 0.39±0.03g 20.40±1.59f 15.13±1.13cde 

Soil + Rhizobium 1.98±0.16cd 0.25±0.03gh 0.42±0.02fg 23.90±2.08ef 13.23±1.27de 

Soil + Funneliformis caledonius 2.18±0.17bc 0.22±0.03h 0.44±0.02efg 25.80±1.95def 12.57±0.97e 

Soil + Glomus bagyarajii 2.26±0.12bc 0.28±0.04fgh 0.45±0.02efg 27.20±2.01de 11.93±1.36e 

S + R + Fc 2.37±0.19abc 0.39±0.04efg 0.48±0.01def 30.90±1.97bcd 16.37±1.07bcde 

S + R + Gb 2.38±0.15abc 0.41±0.06ef 0.50±0.02cde 31.43±1.63bcd 16.10±0.98bcde 

20% sewage sludge in garden soil 2.46±0.18abc 0.45±0.02de 0.46±0.02def 28.60±2.25cde 23.23±1.27a 

SS + R 2.49±0.15abc 0.51±0.03cde 0.52±0.02bcd 31.67±2.15bcd 17.67±1.82bcd 

SS + Fc 2.50±0.16abc 0.55±0.05cd 0.53±0.02bcd 34.10±1.82abc 18.97±1.46abc 

SS + Gb 2.47±0.14abc 0.64±0.07bc 0.55±0.02abc 35.07±1.62ab 18.83±1.22abc 

SS + R + Fc 2.60±0.14ab 0.74±0.05b 0.58±0.02ab 37.17±1.83ab 20.40±1.62ab 

SS + R + Gb 2.84±0.15a 0.93±0.05a 0.60±0.02a 39.03±2.05a 19.97±1.99ab 

Mean ± SE 
S=soil, R= Rhizobium, Fc= Funneliformis caledonius, Gb= Glomus bagyarajii and SS= 20% sewage sludge in garden soil. 
Different alphabets in each stage show statistically significant variation at p < 0.05 as per DMRT 

Besides beneficial effects of the selected microbes on the 

growth of chickpea, some plant metabolism indicators viz. total 

chlorophyll, carotenoids, nitrate reductase activity and protein 

content also increased in host plants on inoculation of 

Rhizobium and selected AM fungi (Table 2). Samar and Kumar 

[29] reported the beneficial effects of co-inoculation of 

symbiotic microbes increased the photosynthetic activity and 

nutrient uptake in pulses. The significant increase in 

chlorophyll content on inoculation of AM fungi are in 

agreement with the results of Lin et al. [30] as an outcome of 

increased growth [31-32]. The improvement in nitrate reductase 

activity and protein content in the host plant with a tripartite 

association have been reported earlier [33-34]. 

The proline content in chickpea grown in garden soil 

alone increased as compared to plants inoculated with either 

Rhizobium or any other selected AM fungi (Table 2). This 

finding indicates that plant stress reduced in association with 

any one of these microbes. But, the combination of Rhizobium 

and either of AM fungi increased proline content as compared 

to their single inoculation (Table 2). The increase in proline 

content was high in chickpea grown in sewage sludge amended 

in garden soil. The proline accumulation in host plants grown 

in sewage sludge amended soil decreased when inoculated with 

any one of the selected microbes (Table 2). This response 

further establishes that all three microorganisms including 

Rhizobium or either of selected species of AM fungi reduced 

plant stress caused by sewage sludge application (Table 2). 

Some plant species under different environmental stresses 

shows proline accumulation [35). Proline accumulation play a 

vital role in stressed plants [36). Microbial inoculation in plants 

indicates altered efficacies in combating the stress among 

mycorrhizal plants and proline content act as a dynamic factor 

to assess stress tolerance [37]. Alternatively, there are also 

reports which show that AMF inoculation considerably 

decreased proline accumulation [38] while some studies 

demonstrate the increase [39-40]. 

 

   

Fig 1 Impact of inoculation of AMF and/or Rhizobium on nodule 
numbers of 60 days old chickpea grown in garden soil with or 

without sewage sludge application. Different alphabets in each 
stage show statistically significant variation at p < 0.05 as per 

DMRT. Legend as in Table 1 and 2. 

 Fig 2 Impact of inoculation of AMF and/or Rhizobium on percent 
root colonization of 60 days old chickpea mycorrhizal population 
grown in garden soil with or without sewage sludge application. 

Different alphabets in each stage show statistically significant 
variation at p < 0.05 as per DMRT. Legend as in Table 1 and 2. 
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The nodule count in Rhizobium inoculated plant with or 

without AMF increased in the order as- S+R < SS+R < S+R+Fc 

< S+R+Gb < SS+R+Fc <SS+R+Gb (Fig 1). A negative 

correlation between symbiotic nitrogen fixation and the 

available soil nitrogen has been reported in legumes [41]. Low 

nodule count in sewage sludge treated soil inoculated with 

Rhizobium might be because sewage sludge is nutrient rich and 

studies have revealed that nitrogen fixers works better in 

nitrogen deficient soils [42]. Nitrogen application reduced 

symbiotic nitrogen fixation in beans [43]. The per cent root 

colonization by AM fungi also increased in order as- S+Fc < 

S+R+Fc < SS+Fc < SS+R+Fc < S+Gb < S+R+Gb < SS+Gb < 

SS+R+Gb (Fig 2). G. bagyarajii treated plants show better root 

colonization than F. caledonius in both single or dual 

inoculation with Rhizobium. Similar studies of symbiosis with 

increased nodulation and mycorrhizal root colonization on 

other leguminous crops have been reported [44-46]. 

 

CONCLUSION 
 

The findings have shown synergistic effects of 

AMF, Rhizobium and sewage sludge amendments, when 

applied either singly or in combinations, significantly increased 

length, fresh and dry weight, chlorophyll, carotenoid, NRA and 

protein content and nutrient uptake in 60 days old chickpea 

plants However, the most significant values were obtained from 

all three. The beneficial impact of microbes was relatively 

lesser in soil alone. The nodulation was affected in soil and soil 

amended with sewage sludge but co-inoculation with AM fungi 

increased the nodulation in addition to root colonization 

particularly in response to G. bagyarajii while proline content 

increases in soil amended with 20% sewage sludge alone. 
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