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ABSTRACT
Living organisms need essential macro and micronutrients received from their diet to sustain 
metabolism. Bio fortification is a significant technique to enhance trace minerals concentration 
in the grains, basically to improve the nutritional value of cereal and solve health issues in 
less privileged areas. Zinc (Zn) is widely involved in various human metabolisms and thus 
Zn deficiency has many harmful ef ects on human health and growth. In daily human food, 
bioavailability of zinc can be improved through an increase in zinc contents or Zn promoters 
(specific substances which support absorption of Zn in the body) or a decrease in anti-nutrients 
of Zn (that basically decrease absorption of Zn). Cereal grains contain Phytate which delays the 
absorption of Zn, Ca and Fe in human intestine. In specifically wheat grains, Zn concentration 
can be improved while phytate concentration reduced by application of Zn. By keeping in view the 
all stated facts a trial in the field was conducted during 2016 -2018 at Soil Bacteriology Section, 
Ayub Agricultural Research Institute, Faisalabad, Pakistan. Isolation of zinc mobilizing bacteria 
was carried out in lab. Efficient isolates were selected for the experiment. This experiment was 
conducted to evaluate the bio fortification potential of wheat crop by exogenously applied micro 
nutrient (Zn) and PGPR (zinc mobilizing bacteria). Soil application with three Zn levels (2.5, 
5.0, 7.5 kg ha-1 ZnSO4.7H2O) and PGPR (zinc mobilizing bacteria) were applied according to 
randomized complete block design (RCBD). Recommended dose of fertilizer was applied to all 
treatments. The results clearly indicate that biofortification of zinc with PGPR increases the yield 
(3456-4016 kg/ha) and also improves the plant height (104.7 - 105.7 cm) of wheat crop. By the 
application of zinc through soil has significant efect on nutrient availability and their amount in 
wheat grain, straw and hence on all growth parameters.
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INTRODUCTION
Intensive cropping to ever increasing population of 
the Pakistan can be carried out by applying macro-
nutrients through mineral fertilizers. Intensive 
cultivation mined the native pool of soil i.e. the natural 
container of nutrients for macro and micronutrients. 
Mineral fertilizers generally contributed for satisfying 
essential macro-nutrients like potash, phosphorus and 
nitrogen for optimum growth of crops. The balance plant 
nutrition is necessary for sustainable crop yield and the 
significance of micronutrients can never be excused. 
Zinc played its role for the metabolic processes of 
plants and zinc deficiency must be checked for the 
optimum crop growth. Microorganisms need essential 
macro and micronutrients to sustain metabolism and all 
living things get these from their diet. The occurrence 
of zinc deficiency in children and women is common 
in the developing world. Commercial wheat varieties 
are characteristically low in zinc concentration, with an 
average of 25 ppm (Javed et al. 2018).
Biofortification is an important method to enhance 
the absorption of trace mineral elements in the grain 

which increases the nutritional value of cereal and 
resolve health problems in less developed areas 
of the world (Cakmak et al., 2010). Zinc is generally 
involved in diferent human metabolism and therefore 
Zn deficiency has many harmful ef ects on human 
health and growth (Javed et al., 2018). Physiological 
growth and development of plant is controlled by 
micronutrients which enhance yield and improve many 
parameters of wheat plant which contribute to yield 
(Hussain et al., 2012a).
Wheat grains contain about 25-30 µg Zn g-1 dry weight, 
while for a measurable impact of Zn biofortification on 
human health, desired wheat grain Zn concentration 
should be > 50 µg g−1 dry weight (Hussain et al. 2010). 
Due to high CaCO3 contents, soils of Pakistan are 
naturally calcareous alkaline and reduce trace minerals 
accessibility to plants (Alloway, 2009). Trace minerals 
concentration is increased by agronomic biofortification 
which in emerging areas in the world, efficaciously 
resolve all health problems (Cakmak et al., 2010). Zn 
deficiency occurrence has been estimated worldwide 
and this deficiency is found to be more than 20%; but 
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developing countries where almost 80% of the people 
are spending their lives at risk to be Zn deficient, (Bouis 
and Welch, 2010).
Regarding Zn acquisition, there is great variation in 
wheat genotypes. Most research studies highlight 
just the efect on grain production and vegetative 
growth but not on grain zinc content by Zn application. 
Numerous methods have been considered to 
overcome the common issue of Zn deficiency. These 
contain Zn supplementation, food diversification along 
with food fortification. Increasing the Zn concentration 
of food related crops might be a good one approach 
to overwhelm Zn nutrient deficiency in people living 
in emerging countries. Through Zn fertilization, its 
concentration in crops can be improved but poor 
farmers can’t tolerate these high cost Zinc fertilizers 
(Abaid-Ullah, 2014).
PGPR are studied for their significant functions 
in maintaining sustainable agriculture. These are 
varies type of microbes present in rhizosphere. 
These microorganisms move to rhizosphere of living 
plants from the enormity of soil and then colonize the 
rhizosphere of living plants antagonistically (Mumtaz et 
al., 2017). Numerous studies have proved that yield of 
diferent crops including barley, rice, maize and wheat 
can be enhanced by inoculating Zn mineral mobilizing 
rhizobacterial strain. Current study describes that how 
Zinc mobilizing rhizobacteria play role in increasing 
grain yield and total biomass and conquer Zinc mineral 
nutrient deficiency symptoms. Experiments in field 
were conducted to evaluate the role of zinc levels with 
zinc solubilizing bacteria on yield and diferent growth 
parameters of wheat.

MATERIALS AND METHODS

Isolation and screening of zinc solubilizers
The wheat rhizospheric soil sampling was performed to 
collect samples from research area of Soil Bacteriology 
Section, Ayub Agricultural Research Institute, 
Faisalabad, Pakistan during 2016-18. Rhizosphere 
means the soil zone that surrounds and is influenced 
by the roots of plants. Rhizosphere has an enormous 
pool of soil microorganisms and is considered as 
the ‘hot spot’ for microbial colonization and activity 
(Prashar et al., 2013).  Isolations were carried out by 
preparing serial dilutions using standard dilution plate 
technique. For isolation of zinc solubilizing microbes, 
Lauria Bertani (LB) medium [NaCl: 10g, yeast extract: 
5.00g, Tryptone: 10g, agar: 20g, 1000 mL distilled 
water] was prepared (Ahmad et al. 2014). Took 1.0 g 
rhizosphere soil was suspended in 100 mL of sterilized 
distilled water (Kannan et al., 2018). An aliquot (100: 1) 
from decimal dilutions was inoculated on by pour plate 

technique and incubated at 30oC. The zinc solubilization 
potential of the isolate was investigated in Bunt and 
Rovira (B & R) medium (glucose: 20.0g, peptone: 1.0g; 
yeas textract: 1.0g, (NH4)2 SO4: 0.50g; K2 HPO4: 0.40g; 
MgCl2: 0.10g, FeCl3: 0.01g, distilled water 1000 mL 
and adjusted pH 6.7) containing 0.1% insoluble zinc 
oxide. The medium was sterilized poured into petri 
dishes and allowed to cool. When sterilization and 
then plating was performed, fresh cultures of bacteria 
were inoculated on media in triplicates with the use of 
sterile toothpicks. Then to observe clear formation of 
halo zones around numerous colonies, these plates 
(spotted) were incubated for almost 7 days in dark at 
28ºC. Halo zone diameter around each colony and the 
colony diameter were one by oen measured after 48 
hours of incubation.
The six isolates were screened for zinc solubilization 
on B&R medium (Bunt and Rovira, 1955). Isolates 
showing zinc solubilizing ability were spot inoculated at 
the center of the plate and incubated at 37oC. Diameter 
of colony and halo zone was measured after 48-72 
hours. Following formula was used to determine the 
zinc solubilization index.

                                    Colony diameter + Halozone diameter
Zinc solubilization index (ZSI) = ——————————————————

                                                                            Colony diameter

Auxin biosynthesis of all selected isolates as IAA 
equivalents was determined firstly without L-tryptophan 
(L-TRP) and then by using L-TRP according to the 
described procedure given by (Zahir et al. 1992). The 
About bacterial culture was centrifuged and, 3mL 
of aliquot was taken to mix with 2mL of salkowiski’s 
reagent [2.0 mL (0.5 M FeCl3) + 98 mL (35% HClO4)]. 
When color was developed, its intensity was measured 
by spectrophotometer at 535nm. After measurement of 
color intensity, a standard curve was properly drawn. 
Auxin production in both cases when L-TRP was 
present and when absent, was measured by using 
standard curve.

Field study
Field studies were conducted at Soil Bacteriology 
Section, Ayub Agricultural Research Institute, 
Faisalabad to examine the role of Zn solubilizing 
bacteria and their efect on Zinc Biofortification in 
wheat.

Treatments detail is as under, 
T1 = Control
T2  = PGPR Inoculation
T3  = 2.5 kg ha-1 ZnSO4.7H2O
T4  = 5.0 kg ha-1ZnSO4.7H2O
T5  = 7.5 kg ha-1 ZnSO4.7H2O
T6  = 2.5 kg ha-1 ZnSO4.7H2O (T3) + PGPR inoculation
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T7  = 5.0 kg ha-1 ZnSO4.7H2O (T4) + PGPR inoculation
T8  = 7.5 kg ha-1 ZnSO4.7H2O (T5) + PGPR inoculation

Fertilizer dose for wheat @ 160-114-60 kg NPK ha-1 was 
applied as basal. At the stage of sowing, total amount of 
P, K and half of N was applied while at tillering, remaining 
half amount of N was also applied. Wheat seed was 
inoculated with pre characterized zinc mobilizing bacteria 
of 106 CFU g-1 of carrier. Zinc as ZnSO4.7H2O (21%) was 
applied 20 days after sowing with irrigation. Layout 
was RCBD with three repeats. At crop harvest yield 
and yield parameters (Diferent physical parameters 
viz. no. of tiller per m2, height of plant, weight of grain 
(for 1000), spike length, grain and biomass yield) were 
recorded while zinc in wheat grain was determined 
by atomic adsorption spectrophotometer by AB-DTPA 
method Soltanpour and Schwab (1977). 

Estimation of chlorophyll content in plants 
For determination of chlorophyll content, leaf samples 
were collected after 75 days of germination from 
diferent treatments. From each treatment, firstly took 
0.5g mass of leaves and homogenized by using 80% 
acetone (v/v). Then through whatman filter paper 42, 
this homogenate was slowly filtered. Filtrate absorbance 
was determined by using spectrophotometer at two 
diferent wavelengths as 663 and 645nm and after 
that total chlorophyll was calculated by using equation 
given by Arnon (1949).

Statistical analysis:
Mean of data taken for two years was statistically 
analyzed through some standard procedures following 
RCBD (Steel et al., 1997) using Statistics.8.1. Least  
significant diference test (LSD) at p < 5%, were applied 
to evaluate treatment means diferences.

RESULTS AND DISCUSSION
In lab screening for diferent PGPR it was noticed 
that these six isolates were producing auxin without 
L-TRP but when L-TRP was applied, results were 
more obvious (Table 1). The six isolates were labeled 
as ZS1, ZS2, ZS3, ZS4, ZS5 and ZS6. IAA equivalents 
production was highest for ZS5 i.e. 4.88μg mL-1without 
L-TRP and by applying L-TRP, this was increased 
to 5.11μg mL-1. Isolate ZS5 showed maximum zinc 
solubilization index i.e. 2.20 and the minimum was 
observed by ZS4  i.e. 2.01. The solubilization index of 
these six zinc solubilizers was ranged from 2.01-2.20. 
Diferent biochemical characteristics i.e. gram reaction, 
motility, methyl red, citrate utilization and urease test 
of these six isolates were evaluated. The isolate ZS5 
exhibited gram reaction as negative, positive motility, 
methyl red, citrate utilization and urease activity. The 

remaining isolates showed variable response to these 
biochemical reactions.

Data regarding physical parameters i.e. grain yield, 
biomass yield, No. of tillers m-2, plant height, spike length 
and grain weight (1000 grain) were shown through Table 
2. Results regarding physical parameters demonstrated 
the positive response of PGPR inoculation. All the 
levels of zinc applied as ZnSO4. 7H2O @ 2.5, 5.0 kg ha-1 

and 7.5 kg ha-1 contributed significant efect on physical 
parameters and the efect was more pronounces with 
PGPR inoculation. Results of wheat yield parameters 
(Table 2) clearly indicated that PGPR inoculation and 
Zn levels enhanced the yield components significantly 
than their separate application and application PGPR 
inoculation with zinc levels had more pronounced 
efect. The maximum response of zinc was observed at 
7.5 kg ha-1 on the physical parameters. The maximum 
response of Zn with PGPR inoculation was recorded 
where Zn level was highest i.e. 7.5 kg ZnSO4. 7H2O 
and that was statistically significant. The highest wheat 
grain and biomass yield was observed with PGPR 
inoculation with Zn level @ 7.5 kg ZnSO4. 7H2O i.e. 
3456 and 7783 kg ha-1. The PGPR inoculation along 
with Zn level @ 7.5 kg ZnSO4. 7H2O enhanced the 
wheat grain and biomass yield by 12.7%, 19.1%, 
respectively as compared to ZnSO4. 7H2O application 
@ 7.5 kg ha-1. The PGPR inoculation along with Zn 
level @ 7.5 kg ZnSO4. 7H2O exhibited maximum 
tillers m-2 (473), plant height (105.7 cm), 1000-grain 
weight (41.5 g) and spike length (15.46 cm) and the 
minimum response in yield parameters of wheat was 
observed with control. Results regarding wheat grain 
and biomass yield clearly demonstrated that bacterial 
inoculation improved the grain, biomass yield (3010, 
5400 kg ha-1) in comparison to control (2700, 4950 kg 
ha-1), respectively.
Data regarding growth parameters and also yield 
parameters of wheat crop was shown through Table 
3. According to the results all growth parameters 
shows positive response to zinc solubilizers (PGPR) 
inoculation. Results clearly indicated that grain yield 
and 1000 grain weight significantly increased when 
PGPR (zinc solubilizers) combines with ZnSO4. 7H2O. 
All the levels of zinc significantly afect the growth 
of wheat crop as well as the yield. Growth of wheat 
increases by increasing the levels of zinc, maximum 
response was observed at zinc level 7.5 kg ha-1 
ZnSO4.7H2O. When PGPR (zinc solubilizers) alone 
applied they also increase the yield and growth as 
compare to control. But when they combine with 
ZnSO4.7H2O significant increase in yield and growth 
was observed. Maximum response was observed 
when PGPR combines with 7.5 kg ha-1 ZnSO4.7H2O. 



J. Agric. Res. 2021, 59(1)

A. Riaz et al.

38

Positive response was observed at other levels of 
zinc as compare to control. Yield parameter also 
showed the same results as growth parameters. There 
was 13.57 % increase in grain yield, founded for the 
treatment PGPR+ 7.5 kg ha-1 ZnSO4.7H2O as compare 
to control. However, 12.39 % increase was found at 
treatment PGPR+ 7.5 kg ha-1 ZnSO4.7H2O compared 
with PGPR inoculation. Maximum 1000 grain weight 
was also observed at this treatment PGPR + 7.5 kg ha-

1ZnSO4.7H2O. For plant height, no. of tillers and spike 
length maximum response was found at PGPR + 7.5 
kg ha-1 ZnSO4. 7H2O i.e. 104.7 cm, 510 and 15.46 cm 
as compared to control i.e. 82.7 cm, 410 and 13.23 
cm. So, the result table clearly indicated that PGPR 
alone increased the yield and growth but when they 
combined with ZnSO4.7H2O more increasing trend  in 
yield and growth of wheat crop was observed.
Results regarding zinc content in wheat grains were 
presented in Fig. 1. Application of zinc as ZnSO4.7H2O 
significantly increased the zinc concentration in grain 

of wheat crop as shown in Fig. 1. When ZnSO4.7H2O 
combines with PGPR (zinc solubilizers) a positive 
increase in zinc concentration was observed. During1st 
year, zinc level in grains was improved.by applying of 
7.5 kg ha-1 ZnSO4.7H2O with zinc solubilizer (ZnS5) as 
compared to other levels.
Results regarding chlorophyll content in wheat grains 
were presented in Fig. 2. Application of zinc as ZnSO4. 
7H2O significantly enhanced the zinc concentration in 
wheat grains. When ZnSO4.7H2O combines with PGPR 
(ZnS5), more significant increase in chlorophyll content 
was observed. During the 1st and 2ndyear, chlorophyll 
content was increased by the applying zinc solubilizing 
bacteria with 7.5 kg ha-1ZnSO4.7H2O as compared to 
other levels. Highest chlorophyll content i.e. 1.37 mg 
g-1 was observed when zinc solubilizing bacteria was 
inoculated with zinc level 7.5 kg ha-1 ZnSO4. 7H2O 
through comparingT4.
Zinc is considered an essential nutrient whose 
deficiency is very critical for the plant growth and 

Table 1. Some important traits of isolates screened out in lab

S. No. Isolates
IAA Equivalents (μg mL-1) Solubilization

index (SI)
Biochemical characteristics of isolates

L-TRP [-]* L-TRP [+]* Gram 
reaction Motility Methyl

 red
Citrate 

utilization
Urease 

test
1 ZS1 2.50 4.10 2.05 - ++ +++ + ++
2 ZS2 2.00 3.50 2.11 - + ++ ++ +
3 ZS3 3.50 5.20 2.10 + + ++ - ++
4 ZS4 3.88 5.00 2.01 - ++ + + -
5 ZS5 4.88 5.11 2.20 - ++ +++ ++ +++
6 ZS6 3.28 4.00 2.17 - + + +++ ++

*L-TRP [-]: without L-tryptophan; *L-TRP[+]: with L-tryptophan

Table 2. Influence of different treatments on physical parameters of wheat during 1st year

Treatments Grain yield 
(kg ha-1)

Biomass yield
(kg ha-1) Tillers m-2 Plant height

(cm)
1000 grain 
weight (g)

Spike length 
(cm)

T1: Control 2700 f 4950 d 412 c 87.3 d 31.16 d 13.23 d
T2: PGPR inoculation 3010 d 5400 c 442 b 95.0 c 32.23 cd 13.50 d
T3: 2.5kg ha-1 ZnSO4.7H2O 2920 e 5400 c 420 c 93.0 cd 33.73 cd 14.16 c
T4: 5.0 kg ha-1 ZnSO4.7H2O 3006 d 5466 c 416 c 95.0 c 34.56 bcd 14.53 bc
T5: 7.5 kg ha-1 ZnSO4.7H2O 3066 d 6533 b 421 c 97.0 bc 36.36 abc 14.73 bc
T6: T3+ PGPR inoculation 3280 c 6233 b 442 b 101.0 ab 39.73 ab 15.03 ab
T7: T4+ PGPR inoculation 3370 b 7540 a 464 a 103.3 a 39.86 a 15.46 a
T8: T5+ PGPR inoculation 3456 a 7783 a 473 a 105.7 a 41.50 a 15.46 a
LSD 75.79 399.64 10.99 5.965 5.1899 0.6337

*Means sharing the same letter(s) in a column do not difer significantly at p<0.05

Table 3. Influence of different treatments on physical parameters of wheat during 2nd year

Treatments Grain yield 
(kg ha-1)

Biomass yield
(kg ha-1)

No. of tillers 
m-2

Plant height
(cm)

1000 grain 
weight (g)

Spike length 
(cm)

T1: Control 3536 f 2166.7 410 f 82.7 e 36.63 c 13.23 d
T2: PGPR inoculation 3573 f 2166.7 418 ef 89.7 d 40.23 bc 13.50 d
T3: 2.5 kg ha-1 ZnSO4.7H2O 3653 e 2000.0 430 de 92.0 cd 38.20 c 14.16 c
T4: 5.0 kg ha-1 ZnSO4.7H2O 3666 e 2166.7 436 d 95.0 bc 40.00 bc 14.53 bc
T5: 7.5 kg ha-1 ZnSO4.7H2O 3746 d 2333.3 434 d 96.3 b 43.40 ab 14.73 bc
T6: T3+ PGPR Inoculation 3826 c 2333.3 461 c 101.0 a 43.90 ab 15.03 ab
T7: T4+ PGPR Inoculation 3883 b 2166.7 484 b 102.7 a 45.83 a 15.46 a
T8: T5+ PGPR Inoculation 4016 a 2166.7 510 a 104.7 a 47.10 a 15.46 a
LSD 51.53 N.S 12.17 3.69 4.097 0.63

*Means sharing the same letter(s) in a column do not difer significantly at p<0.05
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development. Zinc deficiency is mainly prevalent in the 
high pH soils like Pakistan and results in considerable 
yield losses. Zinc fertilizers are not cost efective 
used mostly to alleviate zinc deficiency and also 
zinc fertilizers are mostly applied underutilized or of 
low grade. PGPR have enormous role in mobilizing 
nutrients, producing plant hormones and iron 
siderophore, inducing systemic resistance and playing 
crucial task in solubilization of metals into available 
forms from non-labile pool to labile pool of soil such 
as P and Zn. Rhizobacteria solubilized zinc has been 
used by producing organic acids and decreasing soil 
rhizosphere pH and other means are siderophores, 
protons, chelated ligands and oxido-reductive systems 
(Saravanan et al., 2011). 

Yield and growth components in wheat were influenced 
significantly by applying Zn solubilizing bacteria. 
Zn content in grains and chlorophyll content in both 
years. Auxin biosynthesis as IAA equivalents with 
and without L-TRP and zinc solubilization index of six 
zinc solubilizing rhizobacteria and were carried out 
as reported by (Hussain et al., 2012a). Isolates were 
characterized / screened for diferent biochemical tests 
(Gram reaction, motility, methyl red, citrate utilization 
and urease assay as given in Table 1. The six zinc 
solubilizers under study had produced IAA equivalents 
without L-TRP and produced much higher values 
of IAA equivalents with L-TRP and the highest IAA 
equivalents was observed with ZS5 with or without 
L-TRP. Similarly, higher values of zinc solubilization 
index were observed with ZS5 as compared to the 

other isolates. Numerous workers had reported auxin 
biosynthesis of rhizobacteria and solubilisation of zinc 
(Zahir et al., 2005).
Rhizobacterial inoculation improved the wheat growth 
and yield attributes as compared to un-inoculated 
treatments. Microbial mediated zinc fortification in 
grain zinc concentration was studied in wheat crop. 
Application of PGPR and diferent levels of zinc applied 
as ZnSO4.7H2O increased the wheat yield parameters 
and efect was aggravated with the PGPR applied with 
zinc levels at highest rate. The application of Zn as 
ZnSO4.7H2O and zinc solubilizing bacteria (ZnS5) in 
the 1st year significantly increased the grain / biomass 
yield, plant height, tillers m-2, 1000-grain weight, spike 
length can be attributed to auxin biosynthesis resulted 
in architecture regarding root system, enhanced 
nutrient uptake, increased enzymatic activity and 
reduced rhizosphere soil pH resultantly solubilization 
of P and Zn and ultimately growth and yield of wheat 
crop. Numerous researchers reported similar findings 
of improvement in growth along with yield increase 
of crops (Hafeez et al., 2013). These results are also 
related to the Narimani et al. (2010) that showed soil 
application of ZnSO4 increased number of productive 
tiller of wheat plant. Similar results were observed 
by Alloway (2009) that showed soil application of Zn 
increase maximum plant height of wheat. Our findings 
are corroborated with the Cakamak et al. (2010) that 
showed application of trace mineral element increase 
shoot weight of wheat plant. There is 33% and 16.85% 
increase in 1000-grain weight and spike length which 
is correlated with Hussain et al. (2010) who reported 
increase in yield by Zn application. Our findings 
relate with the findings of Hussain et al. (2012a) who 
observed significant increase in grain number of wheat 
by Zn application both foliar and soil.
Soil application of zinc and zinc solubilizing bacteria 
resulted in increased grain yield over control treatments. 
The yield parameters like grain yield, biomass yield 
and 1000-grain weight, plant height, tillers m-2 and 
spike length in the 2nd year significantly afected by 
the zinc levels (2.5, 5.0, 7.5 kg ha-1 ZnSO4.7H2O) 
and zinc solubilizing bacteria (ZnS5). Zinc application 
to growing crop ensured crop nutrition improvement 
at grain filling and anthesis stage which resulted in 
enhancing grain yield. Similar findings were observed 
by the following researchers (Zorita et al., 2001; Torun 
et al., 2001). Our results also show compatibility with 
Arif et al. (2006).There is 26% increase in plant height, 
16 to 24% increase in tillers m-2 with 7.5 kg Zn ha-1 with 
zinc solubilizing bacteria (ZnS5). Various researchers 
reported that by 10.0 kg Zn ha-1 treatment, wheat plant 
height was increased over control which was untreated 
(Khan et al., 2009). Study results correlate with Khan 
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et al. (2006) who reported that number of tillers in 
wheat were increased. Increase in yield parameters 
of wheat by zinc solubilizing bacteria along with zinc 
levels can be ascribed to microbial auxin biosynthesis 
and auxin enhanced lateral root system, enhanced 
nutrient mobilization / solubilization of P and Zn that 
ultimately improved nutrient uptake along with wheat 
growth / grain yield. Numerous researchers found 
similar findings on growth and yield improvement of 
crops (Verma et al., 2016).
Grains of wheat generally contain Zinc 20 to 30 μgg−1on 
dry weight basis but desired Zn concentration for wheat 
grain should be almost 50 μg g−1 dry wt for observable 
impact on human health (Cakmak, 2008). It is reported 
that PGPR inoculation improves growth components 
of root and shoot due to nitrogen fixation, phosphorus 
solubilization as well as their ability to produce certain 
compounds (Salantur et al., 2006). Results of some 
studies shown that PGPR inoculation improved the 
plant growth, yield and Zn and Fe uptake. However, 
collective application of Zn and PGPR revealed more 
pronounced results (Remans et al., 2008).

CONCLUSION
It is concluded that zinc concentration in wheat grain 
should improve by the bio fortification with PGPR. In the 
present experiment the soil application of zinc results 
in increased grain yield and yield components of wheat 
during the growing seasons. This study supports the 
view that inoculations with PGPR have some potential 
to serve as a means to reduce hidden hunger trough 
enhanced mineral concentration and accumulation in 
grain.
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