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ABSTRACT 
Background Phosphorus (P) is a key nutrient in plant growth but least 
available to plant in soil. Most of the added fraction of P in soil may get be 
fixed/ precipitated, hence become unavailable to plant in calcareous and 
alkaline soils. Some rhizobacteria can promote plant growth by solubilizing 
insoluble P in soil while others enhance P acquisition by plant indirectly 
through promoting extensive root growth because of their growth promoting 
activities. Recycling organic waste in the form of compost is an effective 
approach of organic waste management, turning it into a high quality and 
inexpensive soil amendment.   
Methodology A pot study was conducted to evaluate the efficacy of PGPR 
containing P-solubilizing and/or ACC-deaminase activity in soil amended 
with phosphate rock (PR) and compost to improve growth and yield of 
wheat. For this, six pre-isolated bacterial isolates were taken and tested their 
effect on wheat with F0 (NK fertilizer only), F1 (F0 + PR + Raw compost) 
and F2 (F0 + PR-enriched compost) using Completely Randomized Design 
(CRD) with two factor factorial under pot conditions.  
Results PGPR containing P-solubilizing and/or ACC-deaminase activity 
significantly (P≤0.05) increased the fresh biomass, straw yield, grain yield, 
plant height, root length and root dry weight when tested in soil amended 
with fertilizer levels (F0, F1 and F2) compared to uninoculated control. 
Chemical analysis also showed a significantly (P≤0.05) higher N and P 
uptakes in plant than respective control. 
Conclusion It is concluded that the PGPR having more than one attributes of 
plant growth promotion are more effective than those carrying any single 
attribute. Moreover, PR as a cheaper source of P could be efficiently used if 
applied in blending with compost and P-solubilizers. The results imply that 
dual trait PGPR are excellent candidate to develop an effective biofertilizer 
to be used as supplement to chemical fertilizers. 

INTRODUCTION 
 
Pakistan is an agricultural country with an agro based 
economy. Wheat is the main staple food of country’s 
population and the largest grain crop of the country. 
Wheat is the leading food grain of Pakistan 
occupying the largest area under single crop and 
contributes 10% to the value added in agriculture and 
2.1% to GDP. Area under wheat has decreased to 
9180 thousand hectares in 2014-15 from last year’s 
area of 9199 thousand hectares which shows a 

decrease of 0.2%. The production of wheat stood at 
25.478 million tons during 2014-15, showing a 
decrease of 1.9% over the last year’s production of 
25.979 million tons. The production decreased due to 
prolonged winter season and unprecedented rains 
during April and May and caused damages to grain at 
harvesting time (Anonymous 2015).   

Phosphorus is one of the essential elements 
required for normal plant growth (Raghothama 
1999). The availability of adequate P stimulates early 
plant growth and hastens maturity (Busman et al. 
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2002). However, many soils throughout the world are 
found to be deficient in available P to plants because 
P is generally low even at pH 6.5 where it is most 
soluble (Gyaneshwar et al. 2002). Crop yield on 30–
40% of the world’s arable land is limited by P 
availability (Vance et al. 2003).  

Plant growth promoting rhizobacteria (PGPR) 
are a class of free living bacteria in the rhizosphere 
that have beneficial effects on plants (Kloepper et al. 
1989; Bloemberg and Lugtenberg 2001). These 
rhizobacteria affect plant growth by various 
mechanisms like production of growth regulating 
substances (Steenhoudt and Vanderleyden 2000) 
and/or enhanced nutrient availability through 
solubilization of insoluble nutrients such as P 
(Nautiyal et al. 2000) are considered as direct means 
through which these rhizobacteria exert their 
influence on plant growth. At present, Bacilli, 
rhizobia and Pseudomonades are the most studied 
phosphate solubilizers (Rodriguez and Fraga 1999).  

The presence of ethylene may be stimulatory or 
inhibitory depending upon its concentration, the 
nature of physiological process and growth phase of 
plant. Higher concentrations of ethylene are 
considered inhibitory to plant growth. Ethylene is a 
gaseous plant hormone which participates in the 
regulation of many developmental processes and 
responses to environmental stresses throughout the 
life cycle of plants. Any factor/stimulus, which 
causes a change in the endogenous level of ethylene 
in a plant results in modified growth and 
development (Arshad and Frankenberger 2002). It 
has been discovered that certain microbes contain an 
enzyme ACC-deaminase that hydrolyses ACC into 
NH3 and α -ketobutyrate (Glick et al. 1994). The 
bacterium actually prevents ethylene caused 
inhibition of root elongation. Root hair elongation is 
promoted by low phosphorus or ACC and reduced by 
ethylene synthesis and inhibitors of ethylene action 
(Zhang et al. 2003).  

Rhizobacteria containing 1-aminocyclopropane-
1-carboxylate (ACC) deaminase activity is known to 
stimulate root growth substantially by converting 
ACC (precursor of ethylene in plants) into NH3 and 
α-ketobutyrate (Glick et al. 1998). 

Bioconversion and recycling of organic waste is 
one of the major options, which could be effective for 
reducing huge piles of organic wastes. Moreover, 
recycled organic waste material can be used as a 
source of important nutrients for sustainable 
agriculture. Instead of disposing, organic wastes can 
be used to improve the structure and the fertility 
status of the soil as the application of organic 
material, not only ameliorates the micronutrient 
deficiencies but also improves the productivity of soil 
(Azad and Yousaf 1982). 

Composted organic material is considered a rich 
source of nutrients and can also play an important 
role to conserve the soil fertility and to enhance crop 
production on sustainable basis (Walkowski 2003). 
Recycled organic wastes can act not only as 
supplement to chemical fertilizers but also improve 
the physicochemical properties of soil (Harmsen et 
al. 1994). Scientists are agreed on the view that 
bacterial fertilizers would not replace mineral 
fertilizers, however, a good combination of bacterial, 
organic and mineral fertilizers would enhance plant 
growth more promisingly than their application alone 
(Pereira et al. 1988). 

Some PGPR promote plant growth by 
solubilizing the unavailable/insoluble P in soil while 
others promote P acquisition by plant indirectly 
through more extensive root growth. Many PGPR are 
known as solubilizers of insoluble PR through 
production of organic acids resulting in lowering of 
soil pH. Strategies that lead to better uptake or 
acquisition of nutrients include increased root surface 
area through enhanced root growth and root hair 
development (Gilroy and Jones 2000) and/or organic 
acid synthesis and root exudation (Gilbert et al. 
1998). 

Keeping in view, a study was designed to 
evaluate the efficacy of PGPR containing P-
solubilizing and/or ACC-deaminase activity and PR-
enriched compost for improving growth and yield of 
wheat under pot conditions. 
 
MATERIALS AND METHODS 
 
A pot study was conducted to evaluate the 
effectiveness of PGPR containing P-solubilizing and/ 
or ACC-deaminase activity and compost for 
improving growth and yield of wheat. Six pre-
isolated strains of PGPR containing P-solubilizing 
and/or ACC-deaminase activity were taken from Soil 
Microbiology and Biochemistry Laboratory, Institute 
of Soil and Environmental Sciences, University of 
Agriculture, Faisalabad.  
 
Preparation of inocula 
The inocula of selected strains having ACC-
deaminase and/or P-solubilizing traits were prepared 
by growing in the 250 mL conical flasks containing 
Dworken and Foster (DF) minimal salt medium 
(Dworken and Foster 1958). The flasks were 
incubated at 28 ± 1ºC for 48 h in the orbital shaking 
incubator at 100 rev min-1. An optical density of 0.5 
at λ 535 nm was achieved by dilution with distilled 
water (autoclave) to maintain uniform cell density 
[108-109 colony forming unit (CFU) mL-1]. The 
suspension of selected rhizobacteria was used for 
seed coating. 
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Seed inoculation  
For inoculation of wheat seeds (cv. Watan-93), the 
desired suspension volume of the inoculum (200 mL 
kg-1 seeds) was prepared and mixed with sterile peat 
(seed to peat ratio 1.25: 1 w/w). Inoculated peat was 
mixed with 10% sugar solution (250 mL kg-1 seeds) 
to help appropriate and uniform seed dressing with 
the inoculum. In case of the control, seeds were 
coated with the sterilized peat treated with sterilized 
broth and 10% sugar solution only. Inoculated seeds 
were placed over night for drying under shade at 
ambient laboratory conditions. 
 
Preparation of PR-enriched compost 
Value added phosphate rock (PR) enriched compost 
was prepared according to the method described by 
Ahmad et al. (2008). The C: N, C: P and C: K ratios 
of the value-added compost were 11.2, 36.9 and 14.7, 
respectively. 
 
Pot experiment 
Pot study was conducted to evaluate the effectiveness 
of inoculation with PGPR containing P-solubilizing 
and/or ACC-deaminase activity and compost for 
improving growth and yield of wheat (Triticum 
aestivum L.). A composite soil sample was collected 
from the field, air-dried, ground, sieved (2 mm, 10 
mesh cm-1) and was analyzed for physicochemical 
properties of soil (Table 1). Each pot containing 12 
kg of soil and five inoculated seeds were sown in 
every pot. While, recommended dose of NK @ 120: 
60 kg ha-1 were applied as urea and sulfate of potash 
(SOP). To fulfill the requirement of phosphorus, PR 
was applied @ 2.25 g kg-1 of soil in F1 and F2 levels 
of fertilizer with raw compost as well as in the form 
PR-enriched compost, respectively. Fertilizers P and 
K were applied as basal dose while N was applied in 
three splits. All pots were arranged using Complete 
Randomized Design (CRD) with two factor factorial  

under pot conditions. Canal water was used for 
irrigating the pots. Data regarding growth and yield 
contributing parameters were collected at harvesting 
stage. Plant and grain samples were taken for 
measuring total uptake of nitrogen and phosphorus 
contents in plants. 
 
Characterization of bacterial isolates 
The bacterial strains were characterized for different 
plant growth promoting traits such as ACC-
deaminase activity, phosphate solubilization, chitinase 
activity, IAA production and root colonizing ability. 
ACC-deaminase activity in cell was determined as 
reported by Duan et al. (2006). Bacterial isolates 
were grown in tetracycline (TY) supplemented with 
20 µg mL–1 tetracycline when required for 2-3 days at 
28±1°C. Cells were washed two times with 0.1 M 
Tris–hydrochloride (pH 7.5) and then were 
resuspended in modified M9 minimal medium with 5 
mM concentration of ACC. Cells were incubated in a 
shaker at 28°C for 40 h. After induction, ACC-
deaminase activity was estimated by determining ά-
ketobutyrate resulting from ACC cleavage by ACC 
deaminase enzyme (Penrose and Glick 2001). The 
method of Mehta and Nautiyal was used to assess the 
potential of selected strains for inorganic phosphate 
solubilization (Mehta and Nautiyal 2001). Phosphate 
growth media, NBRI-PBB (National Botanical 
Research Institute - Phosphate Bromophenol Blue), 
was used. 0.5 OD (107-108 CFU mL-1) was obtained 
by using BIOLOG® OD meter in three-day old broth 
cultures. The petri plates were supplied with a loop 
full of each culture at one place and incubated at 28 ± 
1°C for one week. After one week, the colonies 
showing clearing zones around them were 
characterized as positive for phosphate solubilization 
potential. Root colonization potential by selected 
bacterial strains was examined under axenic 
conditions (Simons et al. 1996). Chitinase activity 

Table 1 Physicochemical properties of experimental soil  

Values are mean of four replicates followed by (±) standard error of means 

Soil properties Value Reference 
Physical properties   
Sand (g kg-1) 560 ± 4.61 Bouyoucos (1962) 
Silt (g kg-1) 195 ± 3.84 
Clay (g kg-1)  245 ± 5.49 
Textural class Sandy clay loam 
Chemical properties   
pH  7.62 ± 0.04 US Salinity Laboratory Staff (1954) 
ECe (µS cm-1) 2584 ± 38.6 
Soil organic matter (g kg-1)  8.74 ± 0.15 Walkley and Black (1934) 
Total soil N (mg kg-1) 463.8 ± 13.6 Jackson (1962) 
NaHCO3 Extractable-P (mg kg-1) 8.78 ± 0.15 Watanabe and Olsen (1965). 
Available soil K (mg kg-1) 169.3 ± 7.21 US Salinity Laboratory Staff (1954) 
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Table 2 Characterization of plant growth promoting activities in selected bacterial isolates  

Bacterial 
isolate 

Colony 
color 

ACCD activity (
α-keto nmol 
mg−1 protein h−1) 

Indole-acetic acid (mg L-1) Phosphate 
solubilization  

Chitinase 
activity 

Root 
colonization 
(CFU g-1 root) 

Without L-
TRP 

With L-TRP 

S1 Cream 369.4 ± 12.7 9.13 ± 1.31 14.32 ± 1.78 ND ++ 6.43 x 105 

S2 Brown 342.9 ± 10.9 7.39 ± 1.23 13.70 ± 2.01 ND + 4.86 x 105 

S3 White ND 6.47 ± 1.20 10.56 ± 1.33 ++ + 7.12 x 105 

S4 Pink ND 7.12 ± 0.97 11.08 ± 1.24 + ++ 6.37 x 105 

S5 Pink 392.7 ± 11.3 6.41 ± 1.12 11.39 ± 1.39 +++ ++ 6.21 x 106 

S6 Pink 364.2 ± 13.1 6.90 ± 1.09 10.87 ± 1.34 ++ ++ 5.78 x 106 

Values are means of three replicates followed by ± standard error of means. ACCD: 1-aminocyclopropane-1-carboxylate deaminase, α-keto: α-
ketobutyrate, CFU: Colony forming unit, Single positive means halo size < 2 mm, double positive means halo size > 2 mm while triple positive 
means hole size > 3, ND: Not detected  
 
was quantified using the protocol developed by 
Cattelan et al. (1999). 
 
Statistical analysis 
The data were subjected to one-way analysis of 
variance test (ANOVA) using MSTAT-C Software 
(Michigan State University, USA). Means were 
compared by the LSD values at P≤0.05 using 
Duncan’s multiple range test (Duncan 1955). 
 
RESULTS 
 
Result of this study revealed that integrated use of 
fertilizer levels (F0, F1 and F2) and P-solubilizing 
bacteria with and without ACC-deaminase activity 
and compost significantly (P≤0.05) increased the 
fresh biomass of wheat but with variable efficiency 
compared to uninoculated control (F0). Maximum 
fresh biomass was obtained as result of inoculation 
with S5 isolate + fertilizer levels (F0, F1 and F2) that 
was up to 68.2, 96.3 and 111.2% more respectively, 
than control followed by bacterial isolate S6 while 
efficacy of both isolates was at par to each other 
(Table 3). Rest of the isolates (S1, S2, S3 and S4) 
also exhibited significant increase in fresh biomass 
when tested in soil amended with F0, F1 and F2 that 
ranged from 25.0 to 47.9%, 44.3 to 59% and 56.5 to 
73.8% higher than uninoculated control (F0). While 
minimum increase in fresh biomass was obtained 
because of inoculation with S2 isolate than control 
(F0). All fertilizer treatments were differed 
significantly among each other. 

As like to fresh biomass, same increasing trend 
in straw yield was observed when bacterial 
inoculation was tested with F0, F1 and F2 levels of 
fertilizers. When bacterial isolate S5 was tested in 
soil amended with F2 that gave increase in straw 
yield up to 106.9% higher than control (F0) followed 
by S6 isolate (Table 3). But other isolates i.e. S1, S2, 
S3 and S4 also produced significant increase in straw 

yield that ranged from 47.6 to 68.7% more over 
uninoculated control when tested in soil amended 
with F2. However, same bacterial isolates (S5 and 
S6) showed maximum increase in straw yield (94.3% 
more over control) when tested with F1. But 
combined application of F1 + inoculation with 
bacterial isolates (S1, S2, S3 and S4) also exhibited 
significant increase in straw yield from 35.1 to 58.1% 
higher over control. While bacterial inoculation + F0 
had also shown significant increase in straw yield 
that was up to 62.3% more than control but minimum 
increase in straw yield was obtained 25% due to 
inoculation with S2 isolate than control. All fertilizer 
levels (F0, F1 and F2) were differed significantly to 
each other. 

Bacterial inoculation with S5 isolate gave 
maximum grain yield at all levels of fertilizers (F0, 
F1 and F2) that was 76.9, 98.3 and 115.7%, 
respectively over uninoculated control followed by 
inoculation with S6 isolate at all fertilizer levels 
(Table 3). Similarly, rest of the bacterial isolates (S1, 
S2, S3 and S4) also gave significant increase in grain 
yield that was ranging from 25.1 to 47.8%, 36.1 to 
59.7% and 56.4 to 79.5% higher when tested in soil 
amended with F0, F1 and F2 levels of fertilizer, 
respectively over control. While, bacterial isolate S2 
showed minimum increase in grain yield at all levels 
of fertilizer (F0, F1 and F2) in comparison to control 
(F0). 

Results regarding plant height showed that 
maximum plant height was obtained due to 
inoculation with bacterial isolate (S5) gave maximum 
plant height at all levels of fertilizers (F0, F1 and F2) 
that was up to 31.5, 39.6 and 51%, respectively over 
uninoculated control (F0) followed by isolate S6 that 
also gave increase in plant height up to 27.3, 37.2 and 
47.9% at F0, F1 and F2 levels of fertilizer, 
respectively (Table 4). Likewise, combined 
application of bacterial isolates (S1, S2, S3 and S4) 
plus levels of fertilizers (F0, F1 and F2) also revealed 
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Table 3 Interactive effect of PR-enriched compost and P-solubilizing bacteria with varied ACC-deaminase activity 
on fresh biomass, straw yield and grain yield of wheat 

Bacterial 
isolate 

Fresh biomass (g pot-1) Straw yield (g pot-1) Grain yield (g pot-1) 
F0 F1 F2 F0 F1 F2 F0 F1 F2 

S0 18.02i 23.64g 25.18f 9.59f 12.37e 13.08de 8.44g 11.28ef 12.11e 
S1 24.73f 26.00e 28.21d 13.14e 13.71de 14.47d 11.59e 12.30de 13.73cd 
S2 22.53h 24.45fg 27.36de 11.98e 12.96e 14.16d 10.56f 11.49e 13.20d 
S3 26.65e 28.65d 31.33c 14.17d 15.16c 16.18c 12.48d 13.49d 15.15bc 
S4 26.10e 27.37de 30.21c 13.88de 14.38d 15.67c 12.22d 12.99d 14.54c 
S5 30.31c 35.37b 38.06a 15.38c 18.63ab 19.84a 14.93c 16.74b 18.21a 
S6 29.75cd 34.44b 36.78a 15.56c 18.14b 19.30a 14.19c 16.30b 17.49a 
LSD Value 2.39 1.58 1.43 
Means sharing different letters indicate significant treatment differences at P≤0.05 for specified parameters in a column. F0: Only NK fertilizers; 
F1: F0 + PR + Raw compost; F2: F0 + PR-enriched compost 

a significant change in plant  height that ranging from 
7.4 to 14.5%, 23.2 to 30.2% and 30.7 to 39.6% 
higher, respectively over uninoculated control (F0). 
But minimum increase in plant height was obtained 
as a result of inoculation with S2 isolate when tested 
against F0, F1 and F2 in comparison to respective 
control (F0). In case of fertilizer levels, maximum 
increase in plant height was observed in F2 followed 
by F1 and F0, respectively. 

Maximum number of tillers per plant was 
obtained by inoculation with bacterial isolates S5 and 
S6 with F0, F1 and F2 levels of fertilizers (Table 4). 
But highest number of tillers per plant (up to 143.4%) 
was recorded due to inoculation with S6 plus F2 level 
of fertilizer while, bacterial isolate S5 gave maximum 
number tillers per plant when test with F0 and F1 that 
was 71.5 and 98.4%, respectively over uninoculated 
control (F0) while effectiveness of both bacterial 
isolates were found non significant at all levels of 
fertilizers. But minimum number of tillers per plant 
was recorded due to inoculation with isolate S2 when 
tested at F0, F1 and F2 levels of fertilizer that was up 
to 13.9, 33.8 and 51.2%, respectively more over 
uninoculated control (F0). Rest of the isolates also 
increased the number of tillers per plant up to 37.4, 
57.1 and 81.3% when tested in soil amended with F0, 
F1 and F2 levels of fertilizer, respectively than 
respective control.  

Number of fertile tillers per plant also plays a 
significant role to increase in grain yield of wheat 
plant. Data regarding number of fertile tillers per 
plant showed that maximum number of fertile tillers 
per plant (9.70, 11.06 and 16.72) as compared to 
respective control (5.70) that was obtained when 
isolate S5 was applied in soil amended with F0, F1 
and F2 levels of fertilizer, respectively followed by 
bacterial isolate S6 (Table 4). Combined application 
of both isolates (S1 and S2) with F0 level of fertilizer 

had shown non significant increase in number of 
tillers per plant but their significant effect was 
observed when tested with F1 and F2 levels of 
fertilizer as compared to uninoculated control (F0). 
Rest of the two isolates (S3 and S4) exhibited 
significant increase in number of fertile tillers when 
tested with any fertilizer levels that was 7.37, 8.06 
and 13.12 fertile tillers per plant in comparison to 
control (F0). But F2 level of fertilizer gave 
significant improvement in number of fertile tillers 
per plant as compared to F0 and F1. 

Spike length, number of grain per spike and 
spikelets per spike also play a significant contribution 
in grain yield of wheat (Table 5). Data regarding 
spike length revealed that maximum spike length was 
attained by inoculation with isolate S5 plus F2 level 
of fertilizer that gave increase up to 76.6% in spike 
length followed by S6 isolate than control (F0). 
While, effectiveness of bacterial isolates (S3, S4, S5 
and S6) were found non significant in the presence of 
F1 that was up to 42.7% higher over respective 
control (F0). Similarly, both isolates S5 and S6 also 
exhibited significant change in spike length in the 
presence of F0 in comparison to other isolates and 
control (F0). Minimum increase in spike length at all 
levels of fertilizer (F0, F1 and F2) was recorded due 
to isolate S2 that was 5.3, 16.5 and 29.3% over 
control. While bacterial isolates (S1, S2, S3 and S4) 
showed non significant change in spike length in the 
presence of F0 level of fertilizer than control. It was 
also observed that only F2 fertilizer level gave 
significant increase over F0 level. 

Maximum number of grain per spike was 
recorded up to 71.7, 85.3 and 94.5% as a result 
inoculation with isolates S5 in the presence of F0, F1 
and F2 levels of fertilizer, respectively followed by 
S6 isolate as compared to respective control (Table 
5). While other isolates showed significant increase in 
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Table 4 Interactive effect of PR-enriched compost and P-solubilizing bacteria with and without ACC-deaminase 
activity on plant height and number of tillers per plant of wheat 

Bacterial 
isolate 

Plant height (cm) Total number of tiller plant-1 Number of fertile tiller plant-1 
F0 F1 F2 F0 F1 F2 F0 F1 F2 

S0 52.19g 63.24e 65.87d 10.89f 13.25e 15.58d 5.70f 6.72ef 10.39c 
S1 58.41f 65.38d 68.21c 13.20e 16.08d 17.57c 6.70ef 7.39e 12.39bc 
S2 56.08f 64.32d 71.32b 12.41ef 14.57de 16.90cd 6.04ef 7.39e 12.42bc 
S3 59.75ef 67.99c 72.88b 14.97d 17.11c 19.74b 7.37e 8.06de 13.12b 
S4 59.42ef 66.78cd 72.21b 14.00 16.51cd 19.24b 7.04e 8.06de 13.06b 
S5 68.64c 72.87b 78.80a 18.68bc 21.61b 25.47a 9.70cd 11.06c 16.72a 
S6 66.41cd 71.59b 77.19a 17.25c 21.07b 26.51a 9.57cd 9.72cd 15.72a 
LSD Value 4.72 4.30 2.34 
Means sharing different letters indicate significant treatment differences at P≤0.05 for specified parameters in a column. F0: Only NK fertilizers; 
F1: F0 + PR + Raw compost; F2: F0 + PR-enriched compost 
 
Table 5 Interactive effect of PR-enriched compost and P-solubilizing bacteria with and without ACC-deaminase 
activity on spike length, number of grain per spike and root length of wheat 

Bacterial 
isolate 

Spike length (cm) Number of grain spike-1 Root length (cm) 
F0 F1 F2 F0 F1 F2 F0 F1 F2 

S0 6.76d 7.54cd 8.76bc 26.32g 28.87f 33.32e 8.34i 9.25hi 11.60fg 
S1 7.31cd 8.04c 8.74bc 31.09ef 33.32e 37.88d 10.39h 16.20d 21.45b 
S2 7.12cd 7.88cd 9.12b 27.74fg 32.43e 34.88e 9.94h 14.75e 19.20c 
S3 7.66cd 8.27bc 9.21b 35.09de 36.65d 39.11cd 9.25hi 14.20ef 17.59d 
S4 7.54cd 8.11bc 8.87bc 33.88e 34.54e 36.32de 9.75hi 14.56e 17.80d 
S5 9.53b 9.65b 11.94a 45.21b 48.77a 51.20a 12.10f 16.90d 23.70a 
S6 9.46b  9.60b 10.74a 42.09c 43.88bc 45.77b 11.25g 15.19e 21.69b 
LSD Value 1.40 3.87 1.92 
Means sharing different letters indicate significant treatment differences at P≤0.05 for specified parameters in a column. F0: Only NK fertilizers; 
F1: F0s + PR + Raw compost; F2: F0 + PR-enriched compost 
 
number of grain per spike that was up to 33.3, 39.2 
and 48.6% higher when tested in the presence of F0, 
F1 and F2 levels of fertilizer but only effect of S2 
isolate plus F0 was found non significant than 
uninoculated control (F0). While, effect of sole 
fertilizer levels was found significant among each 
other. 

Bacterial inoculation had shown statistically 
significant (P≤0.05) effect on root length of wheat 
when tested in soil amended with fertilizer levels (F0, 
F1 and F2) except two isolates (S3 and S4 with F0) 
as compared to uninoculated control (Table 6). It was 
observed that bacterial isolates containing high dual 
activity (ACC-deaminase + P-solubilizing activity) 
were found more effective in promoting root length 
of wheat than other strains under all the tested 
fertilizer treatments. Combined application of 
fertilizer levels (F0, F1 and F2) plus high dual 
activity strains (S5 and S6) promoted root length 
significantly up to 45.1, 102.6 and 184.2% over 
uninoculated control (F0), respectively. Bacterial 
isolates (S1 and S2) having ACC-deaminase activity 
only performed better than those carry P-solubilizing 
activity (S3 and S4) with respect to increasing root 

length of wheat that was up to 24.5, 94.2 and 157.1%. 
Bacterial isolates possessing high P-solubilizing 
activity (S3 and S4) increased the root length up to 
16.9, 74.6 and 113.4% over control (F0), 
respectively. While comparison among fertilizer 
levels revealed that the highest increase in root length 
was observed in F2 that was differed significantly 
over F0 and F1 levels of fertilizer. 

The effect of inoculation with bacterial isolates 
on root dry weight of wheat grown in pots is clear 
from the results mentioned in Table 6. All of the 
tested bacterial isolates increased the root dry weight 
under all the fertilizer treatments over uninoculated 
control (F0). However, effectiveness of inoculation 
varied in each fertilizer treatment and statistically 
found significant at p≤0.05. It was observed that 
bacterial isolates possessing high dual activity (ACC-
deaminase + P-solubilizing activity) were found more 
effective in promoting root dry weight of wheat than 
other strains under all the tested fertilizer treatments. 
Integrated application of fertilizer levels (F0, F1 and 
F3) with high dual activity strains (S5 and S6) 
promoted root dry weight significantly up to 66.2, 
130.3 and 171% over uninoculated control (F0),   
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Table 6 Interactive effect of PR-enriched compost and P-solubilizing bacteria with and without ACC-deaminase 
activity on root dry weight, total N and P uptake per plant of wheat 

Bacterial 
isolate 

Root dry weight (g plant-1) Total N uptake (g plant-1) Total P uptake (g plant-1) 
F0 F1 F2 F0 F1 F2 F0 F1 F2 

S0 2.34e 3.20de 3.86c 0.98h 1.30fg 1.40ef 0.34g 0.47f 0.51e 
S1 3.47d 4.19bc 5.39b 1.35f 1.42ef 1.58d 0.49ef 0.55d 0.60d 
S2 3.29d 3.94c 5.17b 1.23g 1.33f 1.53d 0.45f 0.51e 0.58d 
S3 3.21de 3.76c 4.70bc 1.45e 1.55d 1.75c 0.53de 0.60d 0.67c 
S4 3.10e 3.64cd 4.76bc 1.42ef 1.49e 1.68c 0.52de 0.57d 0.64c 
S5 3.89c 5.39b 6.34a 1.72c 1.93b 2.11a 0.61cd 0.74b 0.81a 
S6 3.78c 4.90b 5.73a 1.64c 1.88b 2.03a 0.60d 0.72b 0.78a 
LSD Value 0.89 0.156 0.061 
Means sharing different letters indicate significant treatment differences at P≤0.05 for specified parameters in a column. F0: Only NK fertilizers; 
F1: F0 + PR + Raw compost; F2: F0 + PR-enriched compost 

 
respectively. While, bacterial isolates (S1 and S2) 
having ACC-deaminase activity only showed better 
performance than those carry P-solubilizing activity 
(S3 and S4) with respect to enhancing root dry 
weight of wheat that was up to 48.3, 79.1 and 
130.3%. Bacterial isolates possessing high P-
solubilizing activity (S3 and S4) increased the root 
dry weight up to 37.2, 60.7 and 103.4% over 
respective uninoculated control (F0), respectively. 
Comparison of fertilizer levels indicated that the 
highest root dry weight was produced in F2 that was 
differed significantly over F0 and F1 levels of 
fertilizer. 

Highest uptake of total N in wheat plant was 
recorded as a result of inoculation with isolate (S5) at 
all levels of fertilizers (F0, F1 and F2) that was 75.5, 
96.9 and 115.3%, respectively over uninoculated 
control (F0) followed by isolate S6 that also 
increased the total N uptake in plant up to 67.3, 91.8 
and 107.1% at F0, F1 and F2 levels, respectively over 
control while, increasing effect of both isolates were 
found non significant (Table 6). Similarly, integrated 
use of bacterial isolates (S1, S2, S3 and S4) + F0, F1 
and F2 levels also gave significant increase in total N 
uptake in plant that was ranging from 25.5 to 47.9%, 
35.7 to 58.2% and 56.1 to 78.6%, respectively higher 
than control (F0). But minimum increase in total N 
uptake in plant was recorded due to inoculation with 
S2 isolate in the presence of F0, F1 and F2 levels 
while, its effect also observed significant over 
uninoculated control (F0). Both levels of fertilizer F1 
and F2 showed non significant change in total N 
uptake but their individual effect was significant over 
F0. 

Results regarding total P uptake showed that 
maximum uptake of P in plant was recorded up to 
79.4, 117.6 and 138.2%, respectively when bacterial 
S5 isolate was tested in the presence of F0, F1 and F2 
levels as compared to uninoculated control (F0) 
followed by isolate S6 at all fertilizer levels (Table 

6). Similarly, rest of the bacterial isolates (S1, S2, S3 
and S4) also gave significant increase in total uptake 
of P in plant that ranged from 32.3 to 55.9%, 50.0 to 
76.5% and 70.6 to 97% higher over control (F0) 
when tested in soil amended with F0, F1 and F2 
levels, respectively. Overall, bacterial isolates (S3, 
S4, S5 and S6) showed non significant increase in 
total P uptake in the presence of F0 level of fertilizer. 
But all fertilizer levels (F0, F1 and F2) showed 
significant difference to each other. 
 
DISCUSSION 
 
Phosphorus is a major growth limiting plant nutrient 
for completion of the plant life cycle. Its application 
as chemical fertilizer has been found essential for 
optimum crop yield but continuously increasing cost, 
non-availability and environmental hazards are 
hampering in use of this fertilizer by the farmers. 
Interestingly most of the soils are sufficient with total 
P content but its availability to plants is the major 
limitation as P makes insoluble complexes with Ca, 
Fe and Al under given situation (Harris et al. 2006). 
So, existing scenario deserves the development of 
strategies to make this unavailable P bioavailable to 
plants. One of such strategies which provide a viable 
solution is the use of specific microorganism capable 
of solubilizing insoluble P in soil. 

To improve the P nutrition of plant, specific 
microbes have been employed by many researchers 
which had the ability to solubilize insoluble/ 
precipitated P in soil (Glick 2005; Khan et al. 2007), 
however, these microbes substantially differed in 
their effectiveness. Such microbes solubilize 
insoluble P by the production of organic acids (Khan 
et al. 2007) more likely from soil organic matters 
resulting in lowering of soil pH and solubilization of 
P in alkaline soils, such bacteria generally termed as 
P-solubilizing bacteria (PSB). Additionally, P uptake 
by plant could be enhanced by improving root growth 
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and modifying root architecture through specific 
microbes like those carrying ACC-deaminase 
activity. These ACC-deaminase containing microbes 
help in the regulation of accelerated synthesis of 
plant hormone ethylene in roots and thus 
consequently promote root growth (Arshad and 
Frankenberger 2002; Glick 2005). 

In this study, as far as we know, for the first 
time we compared the PGPR possessing either P-
solubilizing activity or ACC-deaminase activity or 
simultaneously both of these were compared for their 
effectiveness to improve the growth and yield of 
wheat by increasing P bioavailability from 
exogenously source (PR). Six pre-isolated PGPR 
strains were used in this study, out of these, two (S1 
and S2) predominantly having ACC-deaminase 
activity, the other two (S3 and S4) had P-
solubilization activity while rest of the two (S5 and 
S6) carried both of these traits (Table 2). These six 
strains were tested for their growth promoting 
activities under lab as well as natural conditions with 
three fertilizer treatments including F0 (NK only), F1 
(F0 + PR + raw compost) and F2 (F0 + RP enriched 
compost). 

Results showed that the two strains of PGPR 
strains carrying high dual activity (P-solubilizing + 
ACC-deaminase activity) proved to be the most 
effective in improving all the growth and yield traits 
of wheat under pot conditions. It is very likely that P-
solubilizing activity of the dual trait strains increased 
the P release from insoluble P complexes while 
ACC-deaminase activity improved the root growth 
and root surface area for better uptake of P and other 
nutrients. This hypothesis is supported by the P 
uptake by plant and also the highest where seeds 
were inoculated with dual traits PGPR.  

Similarly, the result of root growth (root length 
and dry weight) showed better root growth in case of 
plants inoculated with dual traits PGPR than single 
trait. Relatively improved root and shoot growth of 
wheat paralleled with enhanced P nutrition support 
the hypothesis of better P nutrition further support the 
view that P nutrition is a pre requisite for better plant 
growth. The additive effect of P-solubilization and 
ACC-deaminase traits made these strains much 
superior to those carrying any sole activity of these 
two traits. However, these results are in accord with 
the results of those who reported that inoculation 
with multi microbes to enhance nutrients availability 
and P uptake by plant which resulted in better growth 
of inoculated plants (Zaidi and Khan 2005).   

Comparison among the single trait PGPR 
exhibited that the strains with P-solubilizing activity 
were found more effective than ACC-deaminase 
activity strains in promoting growth and yield 
parameters of wheat. This might be due to more 

solubilization of insoluble P in the soil in former case 
compared to latter one. This may also imply that P 
solubilization is more important for better growth 
under limited P supply than just having better root 
growth. This premise clearly reflects the importance 
of P for optimizing crop yields as P-solubilization by 
PGPR played more effective role in improving 
growth and yield of wheat. This observation further 
supports the premise that enhanced P bioavailability 
was the primary mechanism of PGPR through which 
they exerted their influence on plant growth. Similar 
results have been reported by several scientists (Zaidi 
et al. 2003) who found the increase in P availability 
to plants by the inoculation of PSM in pot and field 
conditions.  

Very interestingly, the PGPR strains containing 
ACC-deaminase proved better than P-solubilizers 
strains in improving root growth parameters. 
Relatively more root growth in case of inoculation 
with ACC-deaminase PGPR might be due to 
suppression of inhibitory level of ethylene synthesis 
in inoculated roots. Similar findings have also been 
reported by several researchers that inoculation with 
PGPR possessing ACC-deaminase activity improve 
root growth by restraining the ethylene levels (Zahir 
et al. 2008; Shahzad et al. 2014). More P uptake in 
case of plants inoculated with ACC-deaminase PGPR 
than uninoculated plants support our view that better 
root system helps in more uptake of nutrients 
including P. Similar results were documented by 
Shaharoona et al. (2008) and Zahir et al. (2008).  

The impact and trend of effectiveness of all three 
categories of PGPR strains (dual activity, P-
solubilizing and ACC-deaminase) was very 
consistent in trials conducted in greenhouse (pot 
trial). This consistency in effectiveness might be due 
to the fact that the substrate ACC is available in 
plenty amount in plant roots which supported the 
survival, multiplication and activity of inocula. 
Moreover, the presence of insoluble P as RP 
supported the activity of P-solubilizers. The 
superiority of dual traits over single trait was also 
maintained throughout the experimentation. This may 
imply that for effective biofertilizer formulations, one 
should prefer dual traits PGPR strains. 

These PGPR strains with dual and single trait 
activities were also tested for their effectiveness 
under different fertilizer treatments. It was noted that 
all the strains were effective in the promotion of 
growth and yield parameters in all the fertilizer 
treatments but degree of efficacy was different. It was 
also noted that all the strains promoted growth and 
yield parameters of wheat and maize in F0 where 
only N and K were applied and no P was added. This 
might be due to relatively more root growth of 
inoculated plants compared to uninoculated plants 
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which resulted in relatively greater nutrient and water 
uptake. This premise is supported by the data 
regarding root growth which showed significant 
increases in root growth in response to inoculation 
over uninoculated control. Moreover, the indigenous 
soil P might have been made available to plants by 
those inocula. Sharma (2003) found that the P 
fertilization when it was inoculated with P-
solubilizing bacteria effectively enhanced grain, 
straw yield and NPK uptake of rice-wheat cropping 
system. The results are also in line with findings of 
Gaind and Gaur (2004) who found that the use of 
rock phosphate along with phosphate solubilizing 
bacteria, produced results comparable to 
superphosphate + phosphate solubilizing bacterial 
inoculants. Thus, phosphate biofertilizers in the form 
of microorganisms can help in increasing the 
availability of accumulated phosphates for plant 
growth by solubilization. 

Overall comparison of fertilizer treatments (F0, 
F1 and F2) revealed that F2 (F0 + PR-enriched 
compost) was most effective treatment for better 
plant growth followed by F1 (F0 + RP + raw 
compost), and F0 (NK only) in descending order. It is 
very likely that in case of F2 all these major nutrients 
N, P and K were available to plant in optimum 
amounts which resulted in maximum plant growth. 
Similarly, in case of RP enriched compost, P might 
have released from RP due to the activity of inocula 
and through production of organic acids from 
compost by microbial activity. Next effective 
treatment was F1 (F0 + RP + raw compost) which 
might be due to the availability of P from RP as a 
result of activities of inocula plus indigenous 
microbial population. F0 resulted in poorest plant 
growth most likely due to lack of P, a major nutrient.  

Interestingly in case of root growth F2 (F0 + RP 
enriched compost) proved better which might be the 
result of availability of some micronutrients as well 
as biologically active substances in addition to P 
released from PR in case of former treatment. Similar 
trend in wheat in terms of response to inoculation 
with various PGPR strains and fertilizer treatments 
was recorded. It is highly likely that the way 
treatments affected P bioavailability to crop plant. 
This implies that use of specific PGPR with known 
mechanism(s) of action can be employed for 
formulation of biofertilizer effective for more than on 
crops. 
 
CONCLUSION 
 
It is concluded that the PGPR which carry more than 
one attributes of plant growth promotion are more 
effective than those carrying any single attribute. The 
consistency of these PGPR for promoting growth and 

yield of inoculated plant was found more inspiring in 
comparison to the single trait PGPR used as inocula. 
Moreover, PR as a cheaper source of P could be 
efficiently used if applied in blending with compost 
and P-solubilizers. The results imply that dual trait 
PGPR are excellent candidate to develop an effective 
biofertilizer to be used as supplement to chemical 
fertilizers. If this technology is further refined by 
future work, an economical source of P could be 
available to the farmers. 
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	Values are mean of four replicates followed by (±) standard error of means

