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Abstract 
A field experiment was conducted in the research area of the Institute of Soil and Environmental Sciences (ISES), 
University of Agriculture Faisalabad (UAF) during the Kharif season of 2012 to evaluate the effect of multi-strain 
inoculation on the growth and yield of rice under field conditions. Three pre-isolated strains of PGPR i.e., one 
Rhizobium (LSI-29), one associative N-fixer (6K) and one endophyte strain (PsJN) were used. Rice seedlings (39 days 
old) of a fine rice variety Basmati-315 were transplanted into the field after inoculation by these strains individually 
and in all possible combinations. There were eight treatments including an un-inoculated control (root dipping into 
sterilized LB broth for one hour). Each treatment had three replications and randomized complete block design 
(RCBD) was followed for statistical analysis of the data collected. Recommended doses of NPK (120-60-60) for rice as 
urea, SSP and MOP respectively were applied in each experimental unit. Field was irrigated with good quality canal 
irrigation water and recommended plant protection measures were administered as needed. At physiological 
maturity, data regarding grain yield, number of tillers, plant height, fresh and dry biomass, number of spikes per 
penicle, number of spikelets per penicle, number of infertile spikelets per penicle, fresh and dry straw weight, 1000-
grain weight and harvest index was recorded. Overall, it was observed that all the treatments improved almost all 
studied parameters of the crop as compared to un-inoculated control. The multi-strain inoculation caused maximum 
benefits to the crop followed by co-inoculation treatments and then single strain inoculation treatments. Multi-strain 
inoculation of LSI-29, 6K and PsJN increased plant height, penicle length, fresh biomass, number of tillers, number of 
spikes per penicle, number of spikelets per penicle, number of infertile spikelets per penicle, number of penicles, 
number of infertile penicles, grain yield, straw fresh weight, straw dry weight, dry biomass weight, 1000 grains weight 
and harvest index. The comparison of all the treatments has shown that among co-inoculation treatments, co-
inoculation of PsJN and 6K is more efficient followed by co-inoculation of PsJN and LSI-29 and co-inoculation of LSI-
29 and 6K, and among single strain inoculation, PsJN is more efficient than sole inoculation of 6K and LSI-29. 
______________________________________________________________________________________________ 
Introduction 
Rice (Oryza sativa L.) belongs to family Graminae and has been domesticated due to its great economic importance. 
It contributes 5.5% of value added in agriculture and 1.1% in GDP of the country. Area sown under rice crop is 2.571 
million hectares with an average production of 6.160 million tons. Increasing population, inflation of agricultural 
inputs and scarcity of irrigation water has increased pressure on the agricultural scientific community to develop 
strategies or technologies to improve or sustain the food production. However, intensive use of chemical fertilizers 
leads towards revolution in food security but still we are engaged to feed the ever increasing population of the world. 
Now, we are also facing the bad side effects by the use of different chemicals in the form of fertilizers, pesticides and 
weedicides. Bacteria living in the vicinity of plant roots or within the roots and performing plant beneficial 
characteristics are termed as plant growth promoting rhizobacteria (PGPR) (Arshad and Frankenbergedr, 1998). Their 
use as biofertilizer is becoming a potential tool for sustaining or improving plant growth and productivity (Vessey, 
2003). The mechanism of their action may be direct i.e., BNF, soil minerals solubilization, production of biologically 
active substances and reduction of high ethylene levels or indirect i.e., favouring colonization by other beneficial soil 
microorganisms, mycorrhizal fungi and reducing the growth of plant pathogens (Lugtenberg and Kamilova, 2009; 
Marulanda et al., 2010). PGPR can play an essential role in helping plants to establish and grow in nutrient deficient 
conditions. Their use in agriculture can favour a reduction in agro-chemical use and support ecofriendly crop 
production. Inoculation of non-leguminous crops has proved its beneficial effects by increasing photosynthetic rate, 
root and shoot biomass, flag leaf area, water use efficiency and production of Gibberellins and Indole-acetic acid (Chi 
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et al., 2005). Multi-strain inoculation can affect plant growth positively where single strain inoculation remains 
ineffective (adesemoye et al., 2008). The performance of single PGPR strain may remain unreliable at all time in 
heterogeneous soil environment. The most important benefit of applying multi-strain inoculants in rice was 
attributed to the enhanced synergistic effects of component strains (Higa, 1991 and 1994). Cong et al., (2011) 
developed a multi-strain biofertilizer for rice in Vietnam containing two rhizobial strains, a soil yeast and a 
pseudomonad. They recorded 57% increase in grain yield of rice by applying this biofertilizer named as BioGro. The 
extensive field trials, they conducted, further concluded that N fertilizer requirement of rice could be reduced up to 
50% by applying BioGro. Most of the work done on PGPR is with the inoculation of single strain but there are no 
reports for the combined inoculation of PGPR having different types of associations and mechanisms to improve 
plant growth in field conditions. To fill that knowledge gap, present study has been planned where Rhizobium, 
Pseudomonas and endophytic strain PsJN were inoculated in combination to rice seedlings to check their potential 
for improving growth and yield of rice in field condition. 
Material and methods 
A field trial was conducted to evaluate the effect of multi-strain inoculation on growth and yield of rice under field 
conditions at the research area of the Institute of Soil and Environmental Sciences, University of Agriculture 
Faisalabad, during Kharif season 2012. At maturity, data regarding plant height, fresh and dry biomass produced, 
number of tillers, grain yield, number of spikes per penicle, number of infertile spikelets per penicle, fresh and dry 
straw weight, 1000-grains weight and harvest index was recorded and analyzed by standard statistical procedures. 
Three pre-isolated PGPR strains were collected from the Soil Microbiology and Biochemistry Laboratory of the 
Institute of Soil and Environmental Sciences, University of Agriculture Faisalabad. Fresh copies of the strains were 
prepared and stored for future use. Fresh inocula of the selected pre-isolated strains were prepared by taking 100 
mL of sterilized Luria Bertani (LB) media broth in four conical flasks having 250 mL volume and sterilized at 15 PSI 
(pounds per square inch) pressure and 121 ºC temperature for 20 minutes. Each sterilized conical flask was inoculated 
with a strain (along with an un-inoculated control) and incubated at 28 ± 1 ºC in a shaking incubator at 100 rpm. After 
gaining proper population (107-108 CFU mL-1) of each strain in the flasks, all possible combinations were prepared by 
mixing respective inoculum in equal proportion (10 mL each) in separate sterilized conical flasks. The composition of 
Luria Bertani (LB) media is given in table 1. Fresh seedlings were obtained from the research area of the Institute of 
Soil and Environmental Sciences, University of Agriculture Faisalabad. The roots of seedlings were inoculated before 
transplanting by dipping the roots (Gutierrez-Zamora and Martinez-Romero, 2001) in freshly prepared inoculum of 
each strain and their combinations for two hours. In case of un-inoculated control seedlings were transplanted after 
dipping in the sterilized broth for two hours. 
Table 1. Composition of Luria Bertani (LB) Media 

Ingredients g L-1 

  

Tryptone 10 
  

Yeast Extract 5 
  

NaCl 10 
  

Agar 15 
  

Distilled Water 900 (mL) 
  

pH 6.8 
  

Field Experiment 
Field experiment was conducted to evaluate the effect of multi-strain inoculation on growth and yield of rice under 
field conditions. Seedlings inoculated with different strains alone and their all possible combinations were 
transplanted in the field. Each treatment was replicated three times using Randomized Complete Block Design 
(RCBD). Recommended doses (120-60-60 kg ha-1) of N, P and K for rice were applied as urea, SSP and MOP respectively 
in each experimental unit. Field was irrigated with good quality irrigation water and recommended plant protection 
measures were adopted when needed. Soil samples were taken from the field and analyzed for physicochemical 
characteristics.  
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The three strains collected were applied individually and in all possible combinations. There were eight treatments 
in the experiment including an un-inoculated control. Each treatment was replicated three times. Total number of 
observation units was 24 (i.e., 8 × 3). 
Soil Analysis 
Various chemical and physical parameters of the soil samples were determined using the procedures illustrated by 
Ryan et al. (2001). 
Table 2. Physico-chemical features of the soil used for rice 

Analyses of irrigation water 
The canal water used for irrigation purpose throughout the crop cycle was chemically analyzed to assess its fitness 
for this purpose as under: 
Collection and preparation of water samples 
Water samples were collected from the mid depth of the field channel. The samples were taken to laboratory and 
filtered through Whatman No. 40 filter paper and analyzed for EC, SAR and RSC (US Salinity Lab. Staff, 1954). 
Table 3. Chemical properties of irrigation water 

Property Value Unit Category 

    

EC 0.40 dS m-1 Fit 
    

TSS 1.40 mmolc L-1 Fit 
    

SAR 2.62 (mmolc L-1)1/2 Fit 

    

RSC 1.24 mmolc L-1 Fit 

    

 
 
 
 
 
 
 

Characteristics Units Value 
   

Textural Class  Sandy Clay Loam 
   

Saturation percentage % 33.35 
   

pHs  7.9 
   

ECe dS m-1 1.5 
   

CEC c molc kg-1 7.15 
   

Organic matter % 0.74 
   

Total nitrogen % 0.05 
   

Available phosphorus mg kg-1 9.2 
   

Extractable potassium mg kg-1 172 
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Table 4. Criteria used for quality of irrigation water 

 
Statistical analyses 
All the data collected was statistically analyzed using procedures described by Steel et al. (1997) under randomized 
complete block design (RCBD) and difference among means was computed using Duncan’s Multiple Range Test 
(Duncan, 1955). 
Plant height (cm) 
The data regarding plant height of rice revealed positive effects of multi-strain inoculation on plant height. The 
maximum increase was observed with multi-strain combination of PsJN, LSI-29-29 and 6K which was significantly 
higher than single strain inoculation of PsJN, LSI-29-29, 6K and un-inoculated control. All the treatments of co-
inoculation i.e., PsJN + 6K, PsJN + LSI-29-29 and LSI-29-29 + 6K significantly increased plant height over control. Co-
inoculation of 6K and PsJN significantly increased plant height over single strain inoculation of 6K and LSI-29-29 and 
control. Co- inoculation of PsJN and LSI-29-29 significantly increased plant height over control which was statistically 
similar to co-inoculation of LSI-29-29 and 6K. The increase in plant height caused by multi-strain inoculation of LSI-
29-29, 6K and PsJN was statistically non-significant with all the co-inoculation treatments. The increase in plant height 
caused by single strain inoculation of PsJN, LSI-29-29 and 6K was statistically non-significant with control. The 
maximum increase in plant height was observed with multi-strain combination of PsJN, 6K and LSI-29-29 (18%), 
followed by co-inoculation of PsJN and 6K (15%), followed by co-inoculation of PsJN and LSI-29-29 (11%), followed by 
co-inoculation of LSI-29-29 and 6K (10%), followed by single strain inoculation of PsJN (7%), LSI-29-29 (4%) and 6K 
(5%) over un-inoculated control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The effect of multi-strain inoculation on plant height of rice crop under field conditions. 
Panicle length 

Parameter Unit Fit Marginally fit Unfit 
     

EC dS m-1 < 1.25 1.25-1.50 > 1.50 
     

SAR (mmolc L-1)1/2 < 8.00 8.00-10.00 > 10.00 
     

RSC mmolc L-1 < 1.25 1.25-2.50 > 2.50 
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Figure 2. The effect of multi-strain inoculation on penicle length of rice crop under field conditions. 
Inoculation of rice crop with multi-strain combination of LSI-29-29, 6K and PsJN significantly increased penicle length 
over un-inoculated control. The maximum increase in penicle length was caused by multi-strain inoculation which 
was statistically similar to co-inoculation and single strain inoculation treatments. Single strain and co-inoculation 
treatments also increased the penicle length but it was non-significant with un-inoculated control. The increase in 
penicle length caused by multi-strain inoculation was non-significant with all the co-inoculation and single strain 
inoculation treatments. The maximum increase in penicle length over control was observed with the multi-strain 
combination of 6K, LSI-29-29 and PsJN (i.e., 15%), followed by co-inoculation of PsJN and 6K (i.e., 11%), co-inoculation 
of PsJN and LSI-29-29 (i.e., 10%), co-inoculation of LSI-29-29 and 6K (i.e., 8%), followed by single strain inoculation of 
PsJN (6%), 6K (5%) and LSI-29-29 (3%). 
Fresh biomass weight (kg m-2) 
Multi-strain inoculation of PsJN, 6K and LSI-29-29 significantly increased fresh biomass weight of rice crop under field 
conditions. The effects of multi-strain combination were statistically non-significant to all the co-inoculation 
treatments (i.e., PsJN + 6K, PsJN + LSI-29-29 and LSI-29-29 + 6K) and significantly higher than single strain inoculation 
of rice with PsJN, LSI-29-29, 6K and un-inoculated control. Co-inoculation of PsJN and LSI-29-29 significantly increased 
fresh biomass weight over control which was statistically similar to co-inoculation of PsJN and 6K. Co-inoculation of 
LSI-29-29 and 6K also increased fresh biomass weight but its effect was non-significant when compared to control. 
Similarly, single strain inoculation of rice with LSI-29-29, PsJN and 6K also improved the fresh biomass weight weight 
but the results were statistically similar to control. Multi-strain inoculation of LSI-29-29, 6K and PsJN increased fresh 
biomass weight up to 23% as compared to control followed 20% increase caused by co-inoculation of PsJN and 6K, 
16% increase caused by co-inoculation of PsJN and LSI-29-29, 11% increase caused by co-inoculation of LSI-29-29 and 
6K, 9% increase caused by inoculation of PsJN, 7% increase caused by inoculation of 6K and up to 6% increase in fresh 
biomass weight caused by inoculation of LSI-29-29. 
 

 
 
 
 
 
 
 
 
 
 
 



29 | P a g e  
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
Figure 3. The effect of multi-strain inoculation on fresh biomass weight of rice crop under field conditions. 
Number of tillers per square meter 
The maximum increase in number of tillers per square meter area of rice field was observed where multi-strain 
combination of LSI-29-29, 6K and PsJN was applied. It increased the number of tillers up to 23% over control. The 
results showed that multi-strain inoculation of PsJN, LSI-29-29 and 6K significantly increased the number of tillers 
over co-inoculation of LSI-29-29 and 6K and single strain inoculation of LSI-29-29, PsJN and 6K and un-inoculated 
control. The increase in number of tillers caused by co-inoculation of PsJN and LSI-29-29 was statistically similar to 
multi-strain combination of PsJN, LSI-29-29 and 6K and co-inoculation of PsJN and 6K. Co-inoculation of PsJN and 6K 
significantly increased the number of tillers over single strain inoculation of LSI-29-29 and 6K and un-inoculated 
control. Similarly, co-inoculation of PsJN and LSI-29-29 significantly increased the number of tillers over single strain 
inoculation of LSI-29-29 and 6K and un-inoculated control. The effects of co-inoculation of PsJN and 6K were 
statistically similar to co-inoculation of LSI-29-29 and PsJN, co-inoculation of LSI-29-29 and 6K and single strain 
inoculation of PsJN. Co-inoculation of LSI-29-29 and 6K significantly increased the number of tillers over single strain 
inoculation of LSI-29 and control. Single strain inoculation of PsJN and 6K also significantly increased the number of 
tillers over control. Co-inoculation of PsJN and 6K increased the number of tillers up to 28% followed by co-inoculation 
of PsJN and LSI-29-29 up to 25%, co-inoculation of 6K and LSI-29-29 up to 22%, single strain inoculation of PsJN up to 
18%, inoculation of 6K up to 14% and inoculation of LSI-29-29 up to 9% over un-inoculated control under field 
conditions. 
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Figure 4. The effect of multi-strain inoculation on number of tillers per square meter area of rice crop under field 
conditions. 
Number of spikes per penicle 
Multi-strain inoculation of LSI-29-29, 6K and PsJN significantly increased the number of spikes per penicle over un-
inoculated control. Co-inoculation of PsJN and 6K also significantly increased the number of spikes per penicle of rice 
over control. Similarly, co-inoculation of PsJN and LSI-29-29 also significantly increased the parameter over control 
under field conditions. Co-inoculation of LSI-29-29 and 6K also increased the number of spikes per penicle but this 
increase was statistically similar to all other treatments including control. Single strain inoculation of PsJN, LSI-29-29 
and 6K also increased the number of spikes per penicle over control which was statistically at par with each other as 
well as control. The maximum increase in the parameter was caused by multi-strain inoculation of PsJN, LSI-29-29 
and 6K which was 22% higher than control. Co-inoculation of PsJN and 6K increased the number of spikes per penicle 
up to 19%, followed by co-inoculation of PSJN and LSI-29 up to 18%, co-inoculation of LSI-29 and 6K up to 16%, sole 
inoculation of PSJN up to 11%, inoculation of 6K up to 8% and inoculation of LSI-29 up to 5% over un-inoculated 
control under field conditions. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 5. The effect of multi-strain inoculation on number of spikes per penicle of rice crop under field conditions. 
Number of spikelets per penicle 
Multi-strain inoculation of rice with LSI-29, 6K and PSJN significantly increased the number of spikelets per penicle 
over single strain inoculation and un-inoculated control. Multi-strain inoculation caused maximum increase in the 
parameter which was 20% higher than control. Similarly, all the co-inoculation treatments also significantly increased 
the number of spikelets per penicle over control but this increase was lower than multi-strain inoculation of LSI-29, 
6K and PSJN and higher than other co-inoculation treatments. The improvement in the parameter caused by multi-
strain inoculation was statistically at par with all the treatments containing co-inoculation. Co-inoculation of PSJN 
and 6K significantly increased the number of spikelets per penicle over single strain inoculation of LSI-29 and 6K and 
control. Co-inoculation of LSI-29 and PSJN significantly improved the parameter over control which was statistically 
indifferent with single strain inoculation of PSJN LSI-29 and 6K and co-inoculation of LSI-29 and 6K. Co-inoculation of 
PSJN and 6K increased the number of spikelets per penicle up to 17% over control which was higher than all other 
treatments except multi-strain inoculation of LSI-29, 6K and PSJN. Co-inoculation of PSJN and LSI-29 increased the 
parameter up to 14% followed by co-inoculation of LSI-29 and 6K up to 11%, sole inoculation of PSJN up to 9%, 
inoculation of 6K up to 6% and finally by the inoculation of LSI-29 up to 3% increase under field conditions. 
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Figure 6. The effect of multi-strain inoculation on number of spikelets per penicle of rice crop under field 
conditions. 
Number of un-filled spikelets per penicle 
The number of un-filled spikelets was maximum in case of un-inoculated control while minimum in case of multi-
strain inoculation. Multi-strain inoculation of LSI-29, 6K and PsJN significantly reduced the number of un-filled 
spikelets per penicle than all other treatments. All the co-inoculation treatments significantly reduced the parameter 
over single strain inoculation of rhizobia (LSI-29) and un-inoculated control. Co-inoculation of PsJN and 6K significantly 
reduced the the parameter over control which was statistically at par with co-inoculation of PsJN and LSI-29. Single 
strain inoculation of PsJN also caused a reduction in the number of un-filled spikelets per penicle over control. Multi-
strain inoculation of LSI-29, 6K and PsJN; co-inoculation of LSI-29 and 6K, PsJN and 6K, PsJN and LSI-29; and single 
strain inoculation of 6K, LSI-29 and PsJN reduced the number of un-filled spikelets by 36, 20, 31, 26, 11, 6, and 16% 
respectively. 
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Figure 7. The effect of multi-strain inoculation on number of un-filled spikelets per penicle of rice crop under field 
conditions. 
Number of penicles per square meter 
The multi-strain inoculation of LSI-29, PsJN and 6K significantly increased the number of penicles per square meter 
area over co-inoculation, single strain inoculation and un-inoculated control under field conditions. All the co-
inoculation treatments i.e., LSI-29 + 6K, PsJN + 6K and PsJN + LSI-29 were statistically at par with each other and single 
strain inoculation of PsJN. They significantly increased the number of penicles per square meter area of field over 
single strain inoculation of 6K and LSI-29 and un-inoculated control. Single strain inoculation of PsJN, LSI-29 and 6K 
also significantly increased the parameter over un-inoculated control. The maximum increase in the parameter was 
caused by the multi-strain inoculation of LSI-29, PsJN and 6K which was 36% higher than control followed by co-
inoculation of PsJN and 6K increased the parameter by 29%, co-inoculation of PsJN and LSI-29-29 by 26%, co-
inoculation of 6K and LSI-29-29 by 25%, single strain inoculation of PsJN by 18%, inoculation of 6K by 16% and 
inoculation of LSI-29-29 increased the number of penicles per square meter area by 14% over un-inoculated control 
under field conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. The effect of multi-strain inoculation on number of penicles per square meter area of rice crop under field 
conditions. 
Number of infertile penicles per square meter 
Data regarding the number of infertile penicles per square meter area showed that multi-strain inoculation of PsJN, 
6K and LSI-29 maximally reduced the number of infertile penicles, followed by co-inoculation and single strain 
inoculation over control. Multi-strain inoculation of PsJN, 6K and LSI-29 significantly reduced the parameter over co-
inoculation of LSI-29 and 6K, single strain inoculation of 6K, PsJN and LSI-29 and un-inoculated control. Multi-strain 
inoculation also reduced the parameter over co-inoculation of PsJN and LSI-29 and co-inoculation of PsJN and 6K but 
they were statistically at par with each other. Co-inoculation of PsJN and 6K significantly reduced the parameter over 
co-inoculation of LSI-29 and 6K; single strain inoculation of 6K, PsJN and LSI-29; and un-inoculated control. Similarly, 
co-inoculation of PsJN and LSI-29 also significantly reduced the number of infertile penicles over single strain 
inoculation of PsJN, 6K and LSI-29 and control which was statistically at par with co-inoculation of LSI-29 and 6K. Co-
inoculation of LSI-29 and 6K also significantly reduced the parameter over single strain inoculation of LSI-29 and 6K 
and control. Similarly, sole inoculation of PsJN significantly reduced the parameter over LSI-29 and control which was 
non-significant with sole inoculation of 6K. 6K also prominently decreased the parameter over control.  
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The multi-strain inoculation of LSI-29, 6K and PsJN decreased the number of infertile penicles up to 63%, followed by 
co-inoculation of PsJN and 6K up to 62%, co-inoculation of LSI-29 and PsJN up to 52%, co-inoculation of LSI-29 and 
6K up to 41%, sole inoculation of PsJN up to 33%, 6K up to 23% and LSI-29 decreased the parameter up to 14% over 
un-inoculated control under field conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. The effect of multi-strain inoculation on number of infertile penicles per square meter of rice crop under 
field conditions. 
Straw fresh weight (grams m-2) 
Data regarding straw fresh weight was analyzed statistically which showed that multi-strain inoculation of LSI-29, 6K 
and PsJN maximally increased the parameter over all the co-inoculation treatments, sole inoculation treatments and 
un-inoculated control .The increase in straw fresh weight caused by multi-strain inoculation was statistically higher 
than sole inoculation of LSI-29, 6K and PsJN and control but indifferent to co-inoculation of PsJN and 6K, co-
inoculation of PsJN and LSI-29, and co-inoculation of LSI-29 and 6K. Co-inoculation of LSI-29 and PsJN significantly 
increased the straw fresh weight over single strain inoculation of LSI-29 and 6K,  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. The effect of multi-strain inoculation on straw fresh weight of rice crop under field conditions 
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and control which was statistically similar to co-inoculation of PsJN and 6K, co-inoculation of LSI-29 and 6K, and sole 
inoculation of PsJN. Sole inoculation of PsJN also significantly increased the parameter over control but this increase 
was non-significant to sole inoculation of LSI-29 and 6K. Similarly, single strain inoculation of LSI-29 and 6K also 
increased the straw fresh weight over control but this increase was non-significant statistically. The increase in straw 
fresh weight due to multi-strain inoculation of LSI-29, 6K and PsJN was 18%, followed by 14, 14, 13, 8, 5 and 5% due 
to co-inoculation of PsJN and 6K, co-inoculation of PsJN and LSI-29, co-inoculation of LSI-29 and 6K, sole inoculation 
of PsJN, sole inoculation of 6K and sole inoculation of LSI-29 respectively over un-inoculated control under field 
conditions. 
Straw dry weight (grams m-2) 
Data regarding straw dry weight showed that the maximum increase in this parameter was caused by multi-strain 
inoculation of LSI-29, 6K and PsJN which was significantly higher than sole inoculation of LSI-29 and un-inoculated 
control but non-significant to all the rest treatments. Co-inoculation of PsJN and 6K significantly increased the straw 
dry weight over control and non-significantly increased the parameter over co-inoculation of PsJN and LSI-29, co-
inoculation of LSI-29 and 6K, sole inoculation of PsJN, LSI-29 and 6K. Similarly, co-inoculation of LSI-29 and PsJN also 
increased the parameter over control but this increase was non-significant over co-inoculation of LSI-29 and 6K, and 
sole inoculation treatments. Co-inoculation of LSI-29 and 6K also significantly increased the straw dry weight over 
control which was at par with sole inoculation of PsJN, LSI-29 and 6K. Likewise, sole inoculation of PsJN also increased 
this parameter followed by 6K and LSI-29 over control but they were statistically similar to each other. Multi-strain 
inoculation of LSI-29, 6K and PsJN increased the straw dry weight up to 18%, followed by 15, 14, 11, 10, 7 and 5% 
increase caused by co-inoculation of PsJN and 6K, co-inoculation of PsJN and LSI-29, co-inoculation of LSI-29 and 6K, 
sole inoculation of PsJN, sole inoculation of 6K and sole inoculation of LSI-29 respectively over un-inoculated control 
under field conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. The effect of multi-strain inoculation on straw dry weight of rice crop under field conditions. 
Thousand grains weight (grams) 
Multi-strain inoculation of rice with LSI-29, PsJN and 6K significantly increased the thousand grains weight over all 
the co-inoculation treatments (i.e., LSI-29 + 6K, PsJN6K and PsJN + LSI-29), sole inoculation treatments (i.e., LSI-29, 
PsJN and 6K), and un-inoculated control under field conditions. The maximum increase in the parameter was caused 
by multi-strain inoculation of LSI-29, 6K and PsJN (16%), followed by co- inoculation of PsJN and 6K (13%), co-
inoculation of PsJN and LSI-29 (11%), co-inoculation of KSI-29 and 6K (10%), sole inoculation of PsJN (8%), sole 
inoculation of 6K (5%) and sole inoculation of LSI-29 (4%) over control. Co-inoculation of PsJN and 6K significantly 
increased thousand grains weight over sole inoculation of 6K, sole inoculation of LSI-29 and un-inoculated control 
while non-significant increase was observed over co-inoculation of LSI-29 and PsJN, co-inoculation of LSI-29 and 6K, 
and sole inoculation of PsJN. Similarly, co-inoculation of LSI-29 and PsJN also significantly increased the parameter 
over sole inoculation of 6K,  
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sole inoculation of LSI-29 and control while the difference was non-significant in case of co-inoculation of LSI-29 and 
6K, and sole inoculation of PsJN. Likewise, co-inoculation of LSI-29 and 6K significantly increased thousand grains 
weight over control. It also caused a non-significant increase over sole inoculation of LSI-29, sole inoculation of 6K 
and sole inoculation of PsJN. Sole inoculation of PsJN also significantly improved the parameter but this improvement 
was non-significant as compared to sole inoculation of 6K and sole inoculation of LSI-29. In the same way, sole 
inoculation of 6K and LSI-29 also increased thousand grains weight over control but this increase was non-significant 
statistically. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. The effect of multi-strain inoculation on thousand grains weight of rice crop  
under field conditions. 
Dry biomass weight (grams m-2) 
Data collected regarding this parameter showed that maximum increase in dry biomass weight was produced by 
multi-strain inoculation of LSI-29, 6K and PsJN, followed by co-inoculation treatments and sole inoculation treatments 
over un-inoculated control. Multi-strain inoculation significantly increased the dry biomass weight over co-
inoculation of LSI-29 and 6K, sole inoculation of PsJN, sole inoculation of LSI-29, sole inoculation of 6K, and un-
inoculated control but the increase in dry biomass shown by co-inoculation of PsJN and 6K, and co-inoculation of 
PsJN and LSI-29 was statistically similar to multi-strain inoculation of LSI-29, 6K and PsJN. Co-inoculation of PsJN and 
6K caused significant increase in the parameter over sole inoculation of 6K, sole inoculation of LSI-29 and control. It 
also showed non-significant increase in dry biomass over co-inoculation of PsJN and LSI-29, co-inoculation of LSI-29 
and 6K, and sole inoculation of PsJN. Similarly, co-inoculation of PsJN and LSI-29 also showed significantly higher dry 
biomass yield over sole inoculation of 6K, sole inoculation of LSI-29 and control while the increase observed over co-
inoculation of LSI-29 and 6K, sole inoculation of PsJN was non-significant statistically. Likewise, co-inoculation of LSI-
29 and 6K also significantly increased the parameter over sole inoculation of LSI-29 and control which was statistically 
at par with the increase observed over sole inoculation of PsJN and sole inoculation of 6K. in the same way, sole 
inoculation of PsJN significantly increased the dry biomass weight over control. Sole inoculation of PsJN also showed 
a non-significant increase in dry biomass over sole inoculation of 6K and sole inoculation of LSI-29. Multi-strain 
inoculation of LSI-29, 6K and PsJN increased the parameter by 19%, followed by 15, 13, 12, 9, 7 and 5% increase 
caused by co-inoculation of PsJN and 6K, co-inoculation of PsJN and LSI-29, co-inoculation of LSI-29 and 6K, sole 
inoculation of PsJN, sole inoculation of 6K and sole inoculation of LSI-29 respectively over un-inoculated control under 
field conditions. 
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Figure 13. The effect of multi-strain inoculation on dry biomass weight of rice crop under field conditions 
Harvest index 
Harvest index was calculated from the paddy yield and dry biomass weight of plants. The results showed that multi-strain 
inoculation of LSI-29, 6K and PsJN also increased the harvest index of rice crop over sole inoculation of LSI-29 and un-
inoculated control under field conditions. It also showed a non-significant increase in harvest index over all the co-
inoculation treatments (i.e., LSI-29 + 6K, PsJN + 6K and PsJN + LSI-29), sole inoculation of PsJN and sole inoculation of 6K. 
Similarly, co-inoculation of PsJN and 6K caused a non-significant increase in harvest index over co-inoculation of LSI-29 
and PsJN, co-inoculation of LSI-29 and 6K, sole inoculation of PsJN, sole inoculation of 6K, sole inoculation of LSI-29 and 
un-inoculated control.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. The effect of multi-strain inoculation on harvest index of rice crop under field conditions. 
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In the same way, co-inoculation of LSI-29 and PsJN also caused a non-significant increase over co-inoculation of LSI-29 
and 6K, sole inoculation of PsJN, sole inoculation of 6K, sole inoculation of LSI-29 and control. Co-inoculation of LSI-29 
and 6K also increased the parameter over sole inoculation of PsJN, sole inoculation of 6K, sole inoculation of LSI-29 and 
control but this increase was non-significant statistically. 
Likewise, sole inoculation of PsJN also improved the harvest index over sole inoculation of 6K, sole inoculation of LSI-29 
and control which were indifferent statistically. Maximum increase in harvest index was caused by multi-strain 
inoculation of LSI-29, 6K and PsJN (4.8%), followed by co-inoculation of PsJN and 6K (3.33%), co-inoculation of LSI-29 and 
PsJN (2.72%), co-inoculation of LSI-29 and 6K (2.42%), sole inoculation of PsJN (1.65%), sole inoculation of 6K (1.28%), 
and sole inoculation of LSI-29 (1.14%) over un-inoculated control under field conditions. 
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