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ABSTRACT 

A novel microbial consortium was investigated for promoting paddy growth in fields on saline 

soil without chemical fertilizers. Four popular rice varieties Sarjoo-52; NDR-359; Indrasan and 

Sambha Mahsuri (BPT 5204) studied for two consecutive years. Rice varieties were given novel 

fungal (T2) and bacterial (T3) consortium treatments. An un-inoculated treatment was also taken 

as control (T1). Changes in soil physico-chemical, biological properties and plant growth 

promotion were studied. Statistical analysis performed to assess significant differences in effects 

under different treatments. Sarjoo-52 and Indrasan rice varieties showed significantly higher 

growth and yield under the microbial treatments in two consecutive years. Statistical analysis 

showed significant (p<0.05) differences in various soil properties under different treatments, in 

different rice varieties, and their interactions. PCA analysis of the experimental results indicated 

that the total variance observed was 77%, 76%, 74%, 69% and 58% in the case of soil physical, 

chemical, enzymes, colony-forming unit (CFU) and plant growth promotion parameters, 

respectively. The T2 treatment was found more effective than the T3 treatment compared with 

the uninoculated control (T1). The study concluded that the novel fungal consortium has the 

potential to be applied as a biofertilizer in saline fields for improving paddy cultivation without 

chemical fertilizers. 

Keywords: Field Efficacy, Fungal Consortium, Microbial Consortia, Rice Varieties, Soil  

Properties. 

INTRODUCTION 

Chemical fertilizer (CF) application in 

agricultural fields is the most adapted 

regime to enhance crop yields. However, 

extensive and prolonged usage of CF led to 
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buildup of soil toxicity. Thus, resulting in 

deteriorated quality and safety of 

agricultural products (Yang et al., 2020). 

Indiscriminate use of CF alters the 

physiological (viz., bulk density, moisture 

content and water holding capacity), 

chemical (viz., pH, electrical conductivity, 

total organic carbon, microbial biomass 

carbon available nitrogen, phosphorous, 

sodium, calcium and potassium) and 

biological properties (viz., microbial 

diversity and soil enzymes) (Ferrerase et al., 

2006). Millions of tons of synthetic 

fertilizers added every year to the soil which 

does not fully get absorbed by the plants. 

Around 50% of N and 90% of P has been 

escaped into the environment (i.e in the 

atmosphere, water bodies and also with the 

runoff from the crop fields). This causes 

salinization of soil, eutrophication of water 

bodies and generation of greenhouse gases 

(Da Costa et al., 2013; Simpson et al., 

2011). This has drawn the attention of the 

scientific community to explore the 

alternative of CF and transform our 

agricultural development into an eco-

friendly and sustainable way.  One such 

alternative has been organic farming. 

However, organic farming has been 

associated with lower crop yield and thus a 

higher cost (Durham and Mizik 2021). 

Therefore, to overcome this, plant growth-

promoting microbes not only reduces the 

usage of chemical fertilizers but also 

enhances the crop yield without 

compromising the food quality and soil 

vigor (wang et al., 2016; Mahanty et al., 

2017; Kour et al., 2010). 

Many microbes viz, Trichoderma spp., 

arbuscular mycorrhizal fungi (AMF), plant 

growth-promoting rhizobacteria (PGPR), 

and endophytes have been commercially 

applied in agriculture as a promising 

biofertilizers (Malusaet al., 2016). Microbes 

mineralize micro and macronutrients present 

in soils by nitrogen fixation and also found 

effective in enhancing water holding 

capacity which in turn improves soil 

moisture content (Singh and Purohit, 2011). 

Diaz-Zorita and Fernandez-Canigia, (2009) 

reported an 8% enhancement in wheat yield 

after the application of Azospirilum 

brasilense. Likewise, microbial inoculants 

can also be applied as a biofertilizer such as 

Frankia, Azospirillum, Pseudomonas, and 

Dyadobacter etc using liquid or solid 

nutrient medium (Chaudhary et al., 2020). 

Srivastava et al., (2012) tested four novel 

fungal strains as plant growth-promoting 

microbes and found them effective under 

glasshouse conditions. However, two newly 

explored bacterial strains NBRI-SD1K and 

NBRI-10S1H have not been explored so far.  

The aim of the study was to explore the 

plant growth promoting potential of newly 

explored bacterial strains. As it was isolated 

from the paddy rhizosphere of the saline 

affected region. Therefore, it can have the 

potential to enhance the yield of crops that 

have been grown in saline areas. The aims 

of the research were (1) To evaluate the 

effect of different microbial (fungal and 

bacterial) treatments on four locally grown 

rice varieties (Sarjoo-52; NDR-359; 

Indrasan and SambhaMahsuri (BPT 5204) 
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and (2) To evaluate the potential of 

microbial strains under saline stress when 

applied to rice varieties as well its effect on 

the physico-chemical and biological 

properties of the soil. This kind of field-

based study of potential novel PGP 

microbial strains on rice under the saline 

condition without chemical fertilizers will 

evolve new avenues to cultivate different 

rice varieties. 

2. Materials and Methods 

2.1.Field experimental setup 

 Field experiment studies were conducted 

using four locally grown Indian rice 

varieties viz., Sarjoo-52; NDR-359; Indrasan 

and SambhaMahsuri (BPT 5204) for two 

consecutive years on a saline soil (pH 8.47, 

electrical conductivity 449.61 µS cm-1) at 

Banthra Research Center of CSIR-National 

Botanical Research Institute (NBRI), 

Lucknow, India (26º68’ N, 80º83’ E). The 

experiment has been performed in a 

completely split-plot design. The bed size of 

6 m2. Row-to-row and plant-to-plant spacing 

were 25 cm and 20 cm respectively. All the 

four rice varieties have been given 

treatments of fungal (T2) and bacterial (T3) 

consortium. The untreated rice was taken as 

control (T1). Initially, rice seeds have 

primed with fungal and bacterial consortium 

by applying their cultures @10g per kg 

seeds. Roots of 3 weeks old seedlings have 

been treated with individual liquid 

consortium just before transplanting for 30 

min, followed by sowing them in the 

respective treatment beds. 

2.2.Microbial strains 

Four fungal strains namely FNBR_3, 

FNBR_6, FNBR_13 and FNBR_19 have 

been used in this study, which have been 

isolated from paddy fields of West Bengal, 

India (Srivastava et al., 2012). The bacterial 

strains, NBRI-SD1K and NBRI-10S1H have 

been isolated as rice root endophytes from 

hybrid rice varieties. These bacterial strains 

have studied for exhibiting plant growth 

promotion traits viz., auxin production, 

siderophore production, phosphate 

solubilization, proline production (data not 

shown here).  

Seeds of selected rice varieties were surface 

sterilized by using 0.1% HgCl2 for 1 min. 

Bacterial and fungal cultures were grown in 

nutrient and mycological broths respectively 

for 48h at 28ºC under continuous shaking 

(100 rpm). The individual bacterial and 

fungal strain cultures have been mixed in 

equal proportions to make respective 

bacterial and fungal consortiums. These 

microbial strains in the respective 

consortium have been found compatible to 

grow with each other (data not shown here). 

2.3.Physico-chemical analysis of the soil  

The agriculture soil samples were collected 

at the time of rice harvesting for analysis of 

different physico-chemical parameters. The 

soil samples were air dried, sieved (sized-2 

mm) and stored at cool temperature (4°C) 

(Black, 1965) for further analysis and each 

sample was analyzed in triplicate. The 

parameters such as bulk density (BD) was 

done using the pycnometer method and the 

available phosphorus, water holding 

capacity (WHC) (using perforated circular 
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brass boxes-keen’s box method) was 

determined following the standard method 

(Kumar Srivastava et al., 2011). Total 

organic carbon (TOC) was done following 

Jackson’s method (1962). Available 

nitrogen was done by Kjeldahl method 

(Kumar Srivastava et al., 2011), available 

potassium by flame photometer method 

using Systronix-128 and microbial biomass 

carbon (MBC) by chloroform-fumigation 

extraction technique (Vance et al., 1987). 

The pH and electrical conductivity (EC) 

were done using the Orion ion meter using 

soil samples and Milli-Q suspension a ratio 

of 1:25 (w/v). 

2.4.Soil enzymatic assays 

Soil enzyme assay were determined in moist 

and sieved (2mm) rhizospheric soil samples 

in triplicates (Dick, 2011). Dehydrogenase 

activity (DHA) was assessed by the 

measuring the reduction of 2, 3, 5-triphenyl 

tetrazolium chloride, and expressed as μg 

triphenyl formazan (g soil) −1 h−1 (Pepper et 

al., 1995). Alkaline phosphatase (Eivazi and 

Tabatabai, 1977) and β-glucosidase (Eivazi 

and Tabatabai, 1988) were assessed by 

means of the substrate analogue ρ-

nitrophenyl-β-D-glucopyranoside (ρ-NPG) 

based on quantifying the released ρ-

nitrophenol by incubating soil sample (g) 

with the p-NPG solution for 1h at 37ºC.  

Protease activity (Kumar Srivastava et al., 

2011) was measured using tyrosine as 

standard and folic-ciocalteau reagent. 

Fluorescein diacetate hydrolysis activity 

(FDA) was estimated through determining 

the amount of released fluorescein (μg g-1 h-

1) after incubating the soil sample with 

diacetyl-fluorescein (Dick et al., 1997). 

Cellulase activity has been assayed by 

measuring the reducing sugars released after 

incubating the soil samples with carboxy 

methyl cellulose (CMC) solution for 50ºC 

for 24h  (Dick, 2011). 

2.5.Colony Forming Units 

Colony-forming units (CFU) of soil samples 

have been determined by the serial dilution 

method (Eladet al., 1981) at different time 

intervals for 90 days. The dilutions have 

been taken as direct, 10–2, 10–4 and10–6 for 

bacterial CFU count, and direct, 10–1 and 

10–2 for fungal CFU count. 

2.6.Assessment of rice growth parameters 

Rice plants were harvested after six months 

of planting. Vegetative and yield parameters 

of rice varieties viz., flag leaf length (FLL), 

plant height (PHt), flag length width (FLW), 

numbers of panicles (PnN), panicle length 

(PnL), numbers of tillers, viability, the 

weight of seed (WOS), weight of seeds 

without husk (WOSWH), and viability of 

seeds have been determined to assess the 

effects of fungal and bacterial consortium 

treatments on paddy growth and yield.  

2.7.Statistical analysis 

Experimental data was subjected to 

univariate analysis for the least significant 

differences (LSD) observed at p<0.05 using 

the SPSS 10.0. Univariate analysis was used 

to define if there is a statistically significant 

correlation between dependent variables 

(soil physico-chemical parameter, soil 

enzymes, vegetative growth and yield of 

different rice varieties) and independent 
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variables (microbial consortium treatment 

and different rice varieties). The Principal 

Component Analysis (PCA) has been 

performed using the statistical XL-STAT to 

determine the principal components, which 

are responsible for changes in different soil 

parameters and plant growth upon microbial 

treatments given to rice varieties under 

study. 

3. Results and Discussion 

3.1.Soil physical parameters 

Univariate statistical analysis of soil 

physical parameters viz., BD, WHC and MC 

revealed significant differences (p<0.05) 

when treated with the fungal and bacterial 

consortium. A significant difference was 

observed in all four varieties in case of 

microbial treatments and rice varieties 

during both years (Table 1).  The maximum 

reduction in the soil BD was observed in the 

Indrasan rice variety with the T2 treatment 

followed by the T3 and furthers in the T1 

treatment. The application of fungal (T2) 

and bacterial (T3) treatments reduced soil 

BD by 77.03% and 12.93% respectively 

compared with the control (T1). Fungal 

consortium treatment (T2) showed better 

results than bacterial consortium treatment 

(T3), however, both treatments have showed 

reduced BD than the control. This may be 

because bacteria produces amino acids, 

polysaccharides, polyuronic acid that are 

negatively charged to the electrostatic 

charge on the surface of clay which brings 

together small aggregates of the soil 

(Naseem and Bano,2014). Similarly, 

extracellular polysaccharides, a crucial 

component of mucilaginous exudates, that 

have been released from the both the fungal 

and bacterial consortia would have helped in 

soil aggregate that enhances soil porosity 

which in turn reduces the bulk density of the 

soil. This reduction in BD also may be due 

to improved soil aeration because of aerobic 

microbial activities. Our result was in 

conformity with Reid and Goss, (2006) 

which showed that polysaccharides released 

from the growing roots had a determining 

part in the microaggregates stability in sandy 

loam and silt soil. 

 

Similarly, maximum water holding capacity 

(WHC) and moisture content (MC) has been 

observed in T2 followed by T3 (data not 

shown). T2 and T3 value for WHC were 

20.37% and 14.58% more that of the T1 

(Control). In the case of MC, a similar 

observation has been recorded, T2 and T3 

was 50.20%, 46.40% more respectively 

from the T1(control). Both fungal and 

bacterial consortium treatment enhanced the 

WHC and MC of the soil. This may be due 

to bacteria and fungi present in the soil 

adding steadiness to the soil aggregates 

(Daynes et al., 2012). These aggregates 

determine various soil functions (Li et al., 

2017). Thus, governs soil moisture and 

water holding capacity. Statistical analysis 

also justified our results, PCA analysis 

revealed that the first principal component 

(PC1) was accounted for 77.67% variance 

representing WHC as the main soil 

parameter, and NDR as the main rice variety 



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876  

Research paper        © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal  Volume 11,S  Iss 3, Dec 2022 

2134 | P a g e  

 

influenced under the T2 (fungal consortium) 

treatment, and Sarjoo 52 with the T3 

(bacterial consortium) treatment (Figure 1). 

Likewise, the soil moisture content was the 

most important contributor to the first 

principal component (F1) under the T2 

treatment for all four rice varieties. Variance 

analysis depicts the effect of each variable 

and also evaluate the effect of other factors 

(Gouzou et al., 1993), here variation in type 

III sum of square value (Table 1) inferred 

the significant changes due to treatments 

when compared with control. 

Figure 1: PCA biplot of different soil 

physical parameters under  different soil  

treatments on four rice varieties. 

 

 
 

S52_C: Sarjoo-52 control treatment, S52_F: 

Sarjoo-52 fungal 

treatment, S52_B: Sarjoo-52 bacterial treatment, SM_C: Sambha Mahsuri control treatment, 

SM_F: SambhaMahsuri fungal treatment, SM_B: SambhaMahsuri bacterial treatment, 

Indarsan_C: Indarsan control treatment, Indarsan_F: Indarsan fungal treatment, Indarsan_B: 

Indarsan bacterial treatment, NDR_C: NDR control   treatment, NDR_ F: NDR fungal treatment, 

NDR_B: NDR bacterial treatment, BD: Bulk Density; WHC : Water holding Capacity, MC: 

Moisture Content
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3.2.Soil chemical parameters 

Univariate statistical analysis of soil 

chemical parameters viz., pH, EC, microbial 

biomass carbon, total organic carbon, 

available nitrogen, available phosphorous, 

available potassium, available sodium and 

available calcium showed significant 

difference (p<0.05) after application of the 

T2 (fungal) and T3 (bacterial) treatments in 

case of four rice varieties in both the years 

(Table 2). Soil pH has a strong influence on 

the diversity and decomposition of bacteria 

and fungi. In our study, pH value has been 

decreased in the T2 and T3 treatments, as 

compared to the control soil. The pH value 

decreased from 8.7 to 8.01 for BPT, 8.57 to 

8.04 for Indrasan, 8.49 to 8.12 for Sarjoo 52 

and 8.45 to 8.06 for NDR attained in case of 

fungal treatment. The lowering of pH may 

be due to the ammonium ions acidification 

effect during its biotransformation in the 

soil. Nitrogen mineralization is the major 

source of acidification of soil and pH of soil 

alters due to enhanced microbial activities 

and associated beneficial impacts 

(MsimbiraLevini and Donald, 2020). The 

efficiency of the T2 (fungal) treatment 

compared with the T1 treatments in 

regulating soil EC was observed in a pattern 

of 103.13%> 66.64%> 61.15%> 57.02% in 

the case of the BPT> Sarjoo-52> 

NDR>Indrasanrice varieties, respectively. 

Fungal treatment showed enhanced EC than 

control. This might be because 

microorganisms (bacteria or fungi) and their 

metabolic process has a relationship with 

electrical conductivity (Krishna murti and 

Kate, 1951). Change in EC might be 

observed due to the increased microbial 

activity leading to organic matter 

decomposition, nutrient cycling and 

increased plant nutrients (Kim et al., 2016). 

A similar trend has been observed in the 

case of TOC and available nitrogen. T2 

(fungal) treatment displayed a significant 

(p<0.05) (Table 2) increase in the TOC and 

available nitrogen as compared to its control 

(T1). 

The highest value for TOC has been 

recorded in Indrasan followed by NDR, BPT 

and Sarjoo-52 which was 75.96%, 51.25%, 

49.65% and 39.81% respectively. The 

maximum significant (p<0.05) increase in 

the available nitrogen was observed in the 

T2 (800%), followed by the T3 (278.57%) 

when compared with the T1. Availability of 

Ca and K was increased by 78.76% (Sarjoo 

52) and 106.6% (Indrasan) for T2 treatment 

in comparison with the T1 (control). 

Efficiencies of the treatments for increasing 

soil available Ca and K contents were 

observed to T2>T3>T1. The maximum 

MBC has been observed in the T1 (control) 

Indrasan rice variety under the T2 treatment 

with a 207% increase as compared to the T1.  

Likewise, soil available phosphorous was 

found 203% higher in the T2, and 94% in 

the T3 when compared with the T1. 

Available sodium content in soil was found 

to decrease upon the application of (fungal 

and bacterial) treatments. The T2 treatment 

was found comparatively more effective 

compared with the T3 treatment. The 

maximum decrease in available Na was 
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found as 60% in the T2 and 98% in the T3 

compared with the T1. Application of the T2 

(fungal) and the T3 (bacterial) treatments 

increased soil microbial activities and TOC 

contents. The resultant increase in soil TOC 

content might be due to microbial endo-

cellulases, cellobiohydrolases and β-

glucosidases, which might break down the 

complex organic carbon in soil (Medina et 

al., 2004). Bacterial and Fungal treatments 

can cause mineralization and mobilization of 

P, K, Fe reserves of soil, increase of organic 

matter and fixation of nitrogen from the 

atmosphere (Owen et al., 2015). MBC, 

TOC, N and P are the main soil chemical 

properties regulated upon the fungal (T2) 

and bacterial (T3) treatments under the 

current (data not shown) study. Availability 

of these nutrient contents revealed nutrient 

mineralization in the inoculated soil (Shukla 

et al., 2008). T2 (fungal) treatments in all 

studied rice varieties showed a significant 

increase in TOC, N, P and MBC (Table 2) 

than T3 (bacterial) treatment viz-a-viz both 

showed better results than control (T1). This 

might be due to the production of organo-

polysaccharides and proteins (glomalin, 

mucilage’s and hydrophobins) by 

microorganisms which help to promote 

stability of soil aggregate and enhance the 

micro and macronutrients uptake by the 

plants (Nadeem et al., 2009). However, in 

saline soil fungal treatment showed good 

results than bacterial treatment. This may be 

because, in elevated salt conditions, fungal 

dominance has been observed due to the 

accumulation of ergosterol in soil (Wichern 

et al., 2006). Our results have also been 

supported by statistical analysis (Figure 2). 

PCA analysis revealed that soil MBC, TOC, 

N and P have been the main soil properties 

that influenced the fungal (T2) treatment. 

PC1 accounted for 76·44% variance 

representing these soil properties (Figure 2).  

The first principal component showed the 

major influence of the fungal treatment (T2) 

on these properties compared with other 

treatments. 

Figure 2: PCA biplot of different soil 

chemicals parameters under different soil 

treatments on four rice varieties. 

 
 

Table 2: Univariate analysis of changes in 

soil chemical parameters  
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EC: electrical conductivity; MBC: microbial 

biomass carbon; TOC: total organic carbon; P: 

available phosphorous; N: available nitrogen, Ca: 

available calcium, Na: available sodium, K: 

available potassium 

S52_C: Sarjoo-52 control treatment, S52_F: 

Sarjoo-52 fungal treatment, S52_B: Sarjoo-52 

bacterial treatment, SM_C: Sambha Mahsuri 

control treatment, SM_F: SambhaMahsuri fungal 

treatment, SM_B: SambhaMahsuri bacterial 

treatment, Indarsan_C: Indarsan control treatment, 

Indarsan_F: 

Indarsan fungal treatment, Indarsan_B: Indarsan bacterial treatment, NDR_C: NDR control treatment, 

NDR_F: NDR fungal treatment, NDR_B: NDR bacterial treatment 

 

Figure 3: PCA biplot of different soil 

enzymes under different soil treatments 

on four rice varieties.

 
 

DHA: Dehydrogenase; FDA: Fluorescein 

diacetate activity; PO4: Phosphatase; β-G: β-

glucosidase activity; AS: arylsulphatase; 

Pro: Protease; Cel: Cellulase S52_C: Sarjoo-

52 control treatment  S52_F: Sarjoo-52 

fungal treatment 

S52_B: Sarjoo-52 bacterial treatment 

SM_C: Sambha Mahsuri control treatment  

SM_F: SambhaMahsuri fungal treatment 

SM_B: SambhaMahsuri bacterial treatment. 

Indarsan_C: Indarsan control treatment, 

Indarsan_F: Indarsan fungal treatment, 

Indarsan_B: Indarsan bacterial  

treatment, NDR_C: NDR control treatment, 

NDR_F: NDR fungal treatment, NDR_B: 

NDR bacterial treatment 
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Table 3: Univariate analysis of changes in 

soil enzyme activities  

 
 

 

3.3.CFU counts and soil enzymatic 

activities 

Soil enzymes and microbial counts are 

directly associated with physico-chemical 

and biological characteristics of the soil. A 

significant (p<0.05) surge in the activity of 

DHA, phosphatase and β-glucosidase 

enzyme has been observed in the T2 

(fungal) treatment as compared with T3 

(bacterial) and T1 (control) treatment. 

Maximum activity of Dehydrogenase, 

Phosphatase and β-glucosidase activity was 

154%, 51%, and 33% respectively (Table 3) 

as compared fungal (T2) treatment. 

Microbial treatment enhanced the microbial 

population, which term responsible for 

mineralization of N using protease, and also 

of P using phosphatase into their 

bioavailable forms (Parham et al., 2002). 

Dehydrogenase activity is considered a 

decent indicator for the microbial activity 

which affects the oxidative activity of 

microflora of the soil because this is only 

present in viable cells (Bolton et al., 1985). 

The current study showed not only enhanced 

dehydrogenase and β-glucosidase activity 

but also has shown elevated levels of 

cellulase activity in T2 and T3 treatment as 

compared to T1 (control).  

All the studied soil enzymes enrich the soil 

quality. Thus, a decrease in BD (Table 1) 

has been observed in T2 (fungal) and T3 

(bacterial) treatment as compared with T1 

(control). T2 andT3 treatment showed 

higher enzyme activity than T1. This may be 

because enzyme activities occurred due to 

the catalysis of substrates present in the soil. 

This involves various processes like 

hydrolysis of ester-S, and mineral sulfur 

which may provide sulphur in available 

inorganic form, from the unavailable organic 

compounds present in the soil matrix (Makoi 

and Ndakidemi, 2008). Further, this soil 

sulphur content may improve plant growth 

as it is an active component of cysteine and 

methionine (sulphur-containing amino 

acids) and metabolites such as 

phytochelatins and glutathione (Noji and 

Saito, 2003). Protease hydrolyses proteins 

and releases N for its availability to the 

plants. In this study T2 showed a significant 

increase protease activity than T1 (control) 

and it was 190% that of the control. Total N 

has also increased in T2 (Table 2) as 

compared to T1 (control). Similarly, 

phosphate enzyme activity showed a similar 

trend. A significant (p<0·05) increased in 

alkaline phosphatase has been recorded in 
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T2 treatment as compared to T1 (control) 

(Table 3), which was 51% that of the T1 

(control).  Phosphatase enzymes are 

important for releasing PO4
3- from immobile 

organic phosphorous and improving the soil 

phosphorous availability to plants (Borase et 

al., 2020).  

CFU count shows the microbial 

strength of a soil sample responsible for the 

decomposition of organic matter and 

facilitates microbial soil enzymes 

contributing to maintaining nutrient cycling. 

The application of both the T2 and T3 

increased the population of fungi, bacteria, 

and actinomycetes and was observed 

maximum in the T2 as 47% (fungal) 

followed by 41% (bacterial), and 23% 

(actinomycetes) compared with the T1. 

Overall, the present study exhibited higher 

soil enzyme activity (DHA, FDA, 

arylsulphatase, cellulase, β-glucosidase, 

cellulase and phosphatase) in T2 (fungal) 

treatment than that of T3 (bacterial) 

treatment and T1 (control). The higher 

microbial population could be the reason for 

enhanced enzyme activity. Fungi contribute 

approximately 86% of soil cellulase activity 

(Ajwa and Tabatabai, 1994). So fungal 

treatment not only improves the soil 

physico-chemical properties (like BD, MC, 

N, TOC etc.) but also elevated the activity of 

soil enzymes. PCA analysis revealed that 

FDA, arylsulphatase and protease are the 

main factors contributing to the first 

principal component and accounted for 

74.24% variance (figure 3). These results 

suggested that fungal treatment rendered 

better soil enzyme activities compared with 

the T1 and the T3 treatment. CFU counts 

have been increased upon both the microbial 

treatments, and PCA results confirmed it 

with a total variance of 89.27% (Figure 4). 

The Statistical analysis also confirmed that 

T2 treatment has a significant (p<0.05) 

difference (Table 3) with T1 (control) 

treatment. However, among the studied four 

rice varieties, soil enzyme assay from the 

rhizosphere of these four rice varieties 

showed insignificant differences. 

3.4.Plant growth promotion 

Treatments of different rice varieties with 

bacterial and fungal consortium significantly 

(p<0.05) increased paddy growth attributes 

(Table 4). A significant increase in 

vegetative growth has been observed in the 

plants of T2 treatments. The plant height 

(PHt), flag leaf width (FLW), flag leaf 

length (FLL), number of tillers, number of 

panicles (PnN), panicle length (PnL) and 

number of spikelets (SpL), has been 

increased around 150%, 9%, 83%, 72%, 

61%, 27%, and 30% respectively (Table 4) 

compared with theT1 (control) plants. The 

maximum weight of seeds with husk per 

year was recorded in the T2 followed by the 

T3, and then in the T1 treatment. The weight 

of seeds without husk was elevated by 49% 

and 32%, respectively in the T2 and the T3 

when compared with the T1 (control). The 

maximum increase in viability was 12% in 

the case of the T2, and 9% in the case of the 

T3 when compared with the T1. The data 

showed that the rice grain yield in the T2 

and T3 was significantly (p<0.05) higher 
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compared with T1. Increase in the FLL, PHt, 

the viability of seeds (VBT), the weight of 

seeds (WOS), and numbers of tillers can be 

due to increased soil chemical and 

biochemical properties upon the application 

of bacterial and fungal consortium (Majeed 

et al., 2015). Masunakaet al., (2009) 

revealed that the applications of bacterial 

and fungal consortiums regulate the 

secondary metabolite production and release 

(phytohormones and biologically active 

substances), which enhances the plant 

growth similar. Our results were in 

conformity with Hashem et al. (2016) study, 

that reported bacteria (Bacillus subtilies) 

stimulated the root and shoot growth of 

Acacia gerardia under salt stress. Soil 

salinity decreases the phosphorous 

availability (Graltan and Grieve, 1998) and 

inhibits the uptake of Pi by roots and 

transport of Pi into the plants (Martinez et 

al., 1996). However, the presence of 

indigenous Arbuscular mycorrhizal 

improves the P uptake in maize and cotton 

(Liu et al., 2016). Similarly, in our results 

plants grown in T2 (fungal treatment) 

treatment demonstrated rich growth and 

yield than T3 (bacterial) treatment and T1 

(control) control. Plants grown in both T2 

and T3 showed enhanced growth in saline 

stressed than the T1 (control). Our results 

have been further validated by statistical 

analysis. PCA analysis revealed that FLL, 

PHt, FLW, VBT, WOS and numbers of 

tillers upon the fungal treatment (T2) 

contributing to the first principal component 

which was 58.95% of the total variance 

(Figure 5). 

Figure 4: PCA biplot of CFU under 

different soil treatments on four rice 

varieties. 

 
B_FY: Bacteria for first year; B_SY: 

Bacteria for second year; F_FY: Fungi 

for first year F_SY: Fungi for second 

year; Ac_FY: Actinomycetes for first 

year; Ac_SY: Actinomycetes for second 

year  S52_C: Sarjoo-52 control treatment  

S52_F: Sarjoo-52 fungal treatment, 

S52_B: Sarjoo-52 bacterial treatment 

SM_C: Sambha Mahsuri control 

treatment, SM_F: SambhaMahsuri 

fungal treatment, SM_B: 

SambhaMahsuri bacterial treatment 

Indarsan_C: Indarsan control treatment 

Indarsan_F: Indarsan fungal treatment 

Indarsan_B: Indarsan bacterial 

treatment NDR_C: NDR control 

treatment 

NDR_F: NDR fungal treatment NDR_B: 

NDR bacterial treatment  
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Figure 5: PCA biplot of rice growth 

parameters under different soil 

treatments on four rice varieties 

 
FLL: Flag leaf length; FLW: Flag leaf width; 

TWS: Total weight of seeds; WOS: Weight of 

seeds; WOSN:  Weight of seeds without husk; 

VBT: Viability; PHt:  Plant Height; PnN:  No. 

of Panicles; Pn L: Panicles length; SpL: No. of 

Spikelets; Tiller)  

Table 4: Univariate analysis of changes in 

growth parameters of rice 

 
 

 

4. CONCLUSION 

Salinity has a detrimental effect on 

the plants as well as on the soil microbial 

community resulting in decrease microbial 

biomass, its related decomposition and 

mineralization processes. However, after 

amelioration with the fungal and bacterial 

consortium treatment for two years in saline 

soil reflects the acclimatization of the 

microbial community that results in the 

robust growth of all the studied rice varieties 

(Sarjoo-52; NDR-359; Indrasan and 

SambhaMahsuri (BPT 5204) used in this 

experiment). Although Sarjoo-52 and 

Indrasan showed higher yields than NDR-
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359 and SambhaMahsuri (BPT 5204). 

Fungal treatment countered the harmful 

effects of salt, as microorganism benefits 

from the substrate availability and can easily 

manage with high salinity. This fungal 

treatment also conditioned the soil, 

improved the soil’s physico-chemical 

properties after 2 years of successive 

application. This study recommends the 

novel fungal consortium can be used as 

potential biofertilizers in fields for better soil 

fertility and improved paddy crop 

production. 
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