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ABSTRACT 
 
 Over application of chemical fertilizes is used to replenish soil, resulting severe environmental 
contamination, thus recently use of biofertilizers in combination to chemical fertilizers was suggested. A field 
experiment was conducted at research farm of Agronomy and Plant Breeding, Sari Agricultural Sciences and 
Natural Resources University during 2007. The experiment was arranged as split plot based on randomized 
complete block design with three replications for each treatment. Three levels of manures (consisted of 20 
Mg.ha-1 farmyard manure, 15 Mg.ha-1 green manure and check or without any manures) as main plots and eight 
levels of biofertilizers (consisted of 1-NPK or conventional fertilizer application; 2-NPK+PSM+PGPR; 3-
NP50%K+PSM+PGPR; 4-N50%PK+PSM+PGPR; 5-N50%P50%K+PSM+ PGPR; 6-PK+ PGPR; 7-NK+PSM and 8-
PSM+PGPR) as sub plots were treatments. Results showed application of farmyard manure increased shoot and 
leaves weight, length ear and cob weight compared to the control. PGPR and PSM inoculation significantly 
increased the shoot diameter, leaves, ear and cob weight compared to no inoculation treatment. In addition, 
according to our finding application of PSM and PGPR together could reduce P application by 50% without any 
significant reduction of morphologic indices of corn. 
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Introduction  
 
 Large quantities of chemical fertilizes are used 
to replenish soil N and P, resulting in high costs and 
severe environmental contamination. Environmental 
protection and the need to enhance agricultural 
output have made research in new sustainable 
technologies necessary. Studied have conclusively 
shown that biofertilizer as PSM solubilizes the fixed 
soil P and applied phosphates [29]. The nitrogen 
fixing bacteria such as Azotobacter and 
Azosperillium produce phytohormones that are 
ability to stimulate plant growth and causes 
morphological changes, such as an increase in root 
surface area through the production of more root 
hairs, which in turn enhance mineral uptake [2,23]. 
The utilization of biofertilizers has become a feasible 
production practice [33,32,31]. A number of different 
bacteria promote plant growth, including 

Azotobacter sp., Azospirillum sp., Pseudomonas sp., 
Bacillus sp. Acetobacter sp. [26]. Economic and 
environmental benefits can include increased income 
from high yields, reduced fertilizer costs and reduced 
emission of the greenhouse gas, N2O as well as 
reduced leaching of NO3.  
 Inoculation of crop plants with certain strains of 
PGPR at an early stage of development improves 
biomass production through direct effects on root and 
shoots growth. Inoculation of ornamentals, forest 
trees, vegetables, and agricultural crops with PGPR 
may result in multiple effects on early-season plant 
growth, as seen in the enhancement of seedling 
germination, stand health, plant vigor, plant height, 
and shoot weight, nutrient content of shoot tissues, 
early bloom, chlorophyll content, and increased 
nodulation in legumes [23,24]. Among the 
heterogeneous and naturally abundant microbes 
inhabiting the rhizosphere, the Phosphate 
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Solubilising Microorganisms (PSM) including 
bacteria have provided an alternative 
biotechnological solution in sustainable agriculture to 
meet the P demands of plants. These organisms in 
addition to providing P to plants also facilitate plant 
growth by other mechanisms. Current developments 
in our understanding of the functional diversity, 
rhizosphere colonizing ability, mode of actions and 
judicious application are likely to facilitate their use 
as reliable components in the management of 
sustainable agricultural systems [34]. 
 However, there is very little information 
regarding co-inoculation of PSM and PGPR effects 
in corn systems in northern Iran. The objective of 
this study was evaluating of PSM and PGPR effects 
on nutrient uptake by corn (Zea mays L.) cv. SC 604 
under northern Iran conditions. 
 
Materials and Methods 
 
 An experiment was conducted at the 
experimental farm of Sari Agricultural Sciences and 
Natural Resources University during 2007. 
Experiment laid out as split plot based on 
randomized complete block design with three 
replications. Three levels of manures (consisted of 20 
Mg.ha-1 farmyard manure, 15 Mg.ha-1 green manure  
of barley and control or without any manures) as 
main plots and eight levels of biofertilizers (consisted 
of 1- NPK or conventional fertilizer application; 2- 
NPK+PSM+ PGPR; 3-NP50%K+PSM+PGPR ;4-
N50%PK+PSM+PGPR; 5- N50%P50%K+PSM+PGPR; 
6- PK+PGPR; 7- NK+PSM and 8- PSM+PGPR) as 
sub plots were treatments.The experimental farm is 

located at a distance of approximately 10 km from 
the Caspian Sea (Latitude 42.36N, longitude 13.53E 
and 16 m above mean sea level). Soils and farmyard 
manure were sampled before the experiments. 
Chemical properties of soil and farmyard manure 
located in Tables 1 and 2. After soil testing, 150 kg N 
ha-1 from urea source, 120 kg ha-1 P2O5 from triple 
super phosphate source and 100 kg ha-1 K2O from 
K2SO4 were applied. All of PK and half of N (starter 
fertilizer) were mixed with the soil at the time of 
sowing, while remaining N was applied at tasseling 
stage. 
 The bacteria used in this study were phosphates 
solubilization microorganisms (Pseudomonas putida, 
Bacillus lentus) and plant growth promoting 
rhizohactoria (Azotobacter coroocoocum, Azospirili 
brasilense). Zea mays cv. SC 604 seeds were surface 
sterilized with 70% sodium hypochlorite for 1 min at 
room temperature. Then the seeds were washed 
repeatedly with sterile distilled water. Bacterial were 
suspended in suspension of sugar in water. This 
slurry was used to introduce the bacteria as corn seed 
coatings. At harvest in the 2007 growth season, the 
plants from one 1m2 subplots per field were 
combined, the grain was removed from the straw, 
and then the straw and grain weights were recorded. 
For chemical analysis, plant samples were oven dried 
at 70 0C for 48 h and ground to a powder (2 mm). 
Data were subjected to ANOVA using the SAS 
statistical software package using a GLM [22] and 
Duncan's multiple range tests was performed to 
compare the treatment means. The level of statistical 
significant was accepted as P<0. 05, (Steel and Tore, 
1960).

  
Table 1: Soil chemical properties and soil particle distribution of the top soil layer (0-30 cm). 

Type pH 
OM 
(%) 

N P K Cu Zn Mn Fe Soil particle  size (mm) 
(ppm)  2.0–0.2 0.2–0.02 <0.02 

silty  loam 7.5 3.48 193 12.3 367.3 3.6 1.1 12.8 50.4  47.3 42.1 10.6 
 
Table 2: Chemical properties of farmyard manure in this experimental. 

Fe Mn Zn Cu K P 
 

 
OM 

 
Nt EC 

(dcs/m2) 
pH 

(ppm) (%)
45.39 93.45 36.93 3.78 6.8 7.6  7.35 2.03 3.39 8.18 

 
Results and discussion 
 
 Results showed application of farmyard manure 
increased shoot and leaves weight, length ear and cob 
weight compared to the control. Effects of organic 
fertilizers were not significant on shoot length, shoot 
diameter, Length inflorescence and cob diameter. It 
seem that, as well as previously reported, nutrient 
came from organic sources, such as FYM and GM 
can be used as a sole source or as a substitute for part 
of inorganic fertilizers [2,29]. The production of 
organic acids and acid phosphates play a major role 
in the mineralization of organic phosphorus in soil 
[4,28]. Moreover, the data (Table 3) indicated that 
green manure application increased shoot weight, 
leaf weight and cob length of corn leaf compared to 

the control. In addition, PGPR and PSM inoculation 
significantly increased shoot length, shoot weight, 
shoot diameter, leaf weight and cob weight. PGPR 
by  production of growth stimulating phytohormones, 
mobilization of phosphate, siderophore  production, 
antibiotic  production, inhibition  of  plant  ethylene 
synthesis and improve growth of root, could  increase  
the mineral uptake of plants [2]. Furthermore, 
according to results application of PSM and PGPR 
together and reduced P application by 50%, 
significantly increased shoot length, shoot weight, 
shoot diameter, leaf weight and cob weight compared 
to other plots with adequate input. Probably, plant 
growth promoting rhizobacteria by production of 
growth stimulating phytohormones [29]; 
mobilization of phosphate [32] siderophore 
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production [31]; antibiotic production (Han et al., 
2004) inhibition of plant ethylene synthesis [26] 
induction of plant systemic resistances to pathogens 
[2] and improve growth of root [11] could increase 
the mineral uptake of plants.  
 Using of biological fertilizers (PGPR) and NPK 
in green manure plots compared to NP50%K+ PSM+ 
PGPR treatment significantly increased shoot length, 
shoot weight and cob weight in corn. Nikolay et al 
[18] and Orhan et al [20] reported that the major 
factors limiting growth of PGPR and PSM in the 
rhizosphere are the availability of soluble organic 
substrates. Intuitively, adding organic fertilizers 
before or simultaneously with inoculation seems an 
effective method to improve microbial survival [4].  

 Plant growth promoting rhizobacteria (PGPR) 
are root colonizing microorganisms which are known 
to fix atmospheric molecular nitrogen through 
symbiotic and a symbiotic or associative nitrogen 
fixing process. The effect of associative 
microorganisms in increasing crop yield and N2 
fixation has been reported by many research workers 
[21,27,8]. Lerner et al [15] reported that inoculation 
of maize with Azospirillum brasilense resulted in a 
proliferation of root hairs which could have dramatic 
effects on increasing root surface area. On the other 
hands, bio-organic fertilizers improves the physical 
properties of the soil, increasing water holding 
capacity, preventing nutrient leaching and adding 
more mineral nutrients to the poor sandy soil. 

 
Table 3: The effect of PGPR and PSM and fertilizer application on morphologic indices of corn. 

Treatments 
shoot 
length 
(cm) 

shoot 
weight 
(gr) 

shoot 
diameter 
(mm) 

cob 
height 
(cm) 

Length 
infloresc
ence 
(cm) 

leaf 
weight 
(gr) 

cob 
weight 
(ton/h) 

cob 
diameter 
(mm) 

cob 
length 
(cm) 

Organic Manure (A)          
Farmyard manure 210.7 a 250.7 ab 19.3 a 101.8 a 107.8 a 163.1 a 11.6 a 46.9 a 17.84 a 
Green manure 202.8 a 257.4 a 19.2 a 96.3 a 104.3 a 156.9 b 11.1ab 46.9 a 17.67 a 
Control 205.8 a 226.9 b 19.0 a 101.4 a 107.4 a 153.6 c 10.3 b 45.7 a 16.99 b 
Biofertilizer (B)          
NPK 204.6 bc 229.5 bc 18.98cd 95.8 b  106.9ab 167.8bc 11.51b 46.7a 17.8a-c 
NPK+PGPR+PSM 216.6 a 271.7 a 21.17ab 102.1ab 109.5ab 182.5a 12.81a 47.2a 18.3ab 
NP50K+PGPR+PSM 213.3 ab 268.9 a 20.48a 103.0ab 111.6a 181.5ab 12.96a 47.5a 18.4a 
N50PK+PGPR+PSM 202.2 c 252.4 ab 19.18b-d 97.2ab 106.1ab 154.6dc 10.60b 45.8a 17.5b-d 
N50P50K+PGPR+PSM 208.9 a-c 248.9 ab 19.76a-c 104.0a 107.1ab 151.7d 10.60b 46.1a 17.1dc 
PK+PGPR 202.3 c 231.2 bc 18.47cd 99.0ab 103.0b 142.4de 9.45c 45.5a 16.8de 
NK+PSM 203.9 bc 237.6 bc 19.15b-d 96.0ab 107.0ab 153.2d 11.16b 46.6a 17.6a-c 
PGPR+PSM 200.6 c 219.5 c 17.5c 100.0ab 102.3b 129.5c 9.12c 46.3a 16.2e 
significant          
A ns * ns ns ns ** * ns * 
B ** ** ** ns ns ** ** ns ** 
A × B * * * ns ns ns * ns ns 
CV 4.51 9.78 5.79 6.95 6.64 8.99 9.32 4.76 4.56 

Levels of significant:* P< %5, ** P<%1, NS = not significant 

 
Table 4: Effects of organic matter, chemical and biological fertilizers on morphologic indices of corn. 

Treatments 
shoot length 
(cm)  

shoot weight 
(gr) 

shoot diameter 
(mm) 

cob weight 
(ton/h) 

Farm
yard m

anure 
NPK 216.3 d-g 241.0 d-g 19.5 a-d 13.4 ab 
NPK+PGPR+PSM 224.5 c-e 249.5 b-g 20.1 ab 13.1 a-d 
NP50K+PGPR+PSM 222.3 bc 279.7 a-d 20.9 a 13.9 a 
N50PK+PGPR+PSM 193.5 k 234.6 d-g 19.1 a-e 10.8 e-h 
N50P50K+PGPR+PSM 209.1 c 271.5 d-e 19.3 a-e 11.2 d-h 
PK+PGPR 201.1 d 255.4 b-f 17.7 c-f 9.6 g-i 
NK+PSM 213.1 d 254.8 b-f 20.7 a 11.1 e-h 
PGPR+PSM 204.6 h-j 234.8 d-g 17.2 ef 9.3 h-i 

G
reen m

anure 

NPK 201.5 h-j 234.9 d-g 19.2 a-e 9.6 g-i 
NPK+PGPR+PSM 214.3 a 319.2 a 20.4 ab 12.7 a-e 
NP50K+PGPR+PSM 196.5 b 294.6 ab 17.6 d-f 13.2 a-c 
N50PK+PGPR+PSM 205.3 b 284.7 a-c 19.2 a-e 10.3 f-h 
N50P50K+PGPR+PSM 209.6 bc 251.9 b-g 20.4 ab 10.8 e-h 
PK+PGPR 195.1 d 232.9 d-g 19.3 a-e 10.5 f-h 
NK+PSM 197.0 e-g 228.5 e-g 19.8 a-c 11.9 b-f 
PGPR+PSM 203.0 f-i 232.2 e-g 18.8 a-e 9.9 f-i 

C
ontrol 

NPK 196.0 e-g 232.5 e-g 19.7 a-d 11.4 c-g 
NPK+PGPR+PSM 216.5 d-f 246.3 c-g 21.0 a 12.6 a-e 
NP50K+PGPR+PSM 217.5 e-g 232.4 e-g 20.0 ab 11.7 b-f 
N50PK+PGPR+PSM 207.5 e-g 233.9 d-g 19.3 a-e 10.5 f-h 
N50P50K+PGPR+PSM 208.1 g-i 223.4 fg 19.3 a-e 9.6 g-i 
PK+PGPR 210.8 j 205.4 g 18.3 b-f 8.2 i 
NK+PSM 201.6 f-h 229.6 e-g 17.7 c-f 10.4 f-i 
PGPR+PSM 194.3 ij 211.5 fg 16.7 f 8.1 i 

Numbers followed by the same letter are not significantly different at P≤0.05. 
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Conclusion: 
 
 The present study clearly indicated that the 
mixed inoculation of N2 fixing bacterium and PSM 
improved shoot length, shoot weight and cob weight 
in corn plants. In our case, co-inoculation of PSM 
and PGPR strains synergistically solubilized P which 
were added into the soil and make them much more 
available for uptake by plant roots. Because, 
according to results in all fertilizer treatments 
application of PSM and PGPR together could reduce 
P application by 50% without any significant 
reduction of growth in corn. In addition, the positive 
effect on plant growth of the bio-inoculants in this 
study might not only result from a direct PGPR effect 
but also from an indirect modification of the bacterial 
community. Moreover, it would be preferable for the 
PGPR or PSM strains composing the treatments to be 
adapted to the local management practice. 
Furthermore, a synergistic effect on the level of 
organic carbon was observed between PSM and 
PGPR when they were co- inoculated.  
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