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 Application of bio-fertilizers in Sustainable agriculture perform important role at 

increasing of crop production and improving of soil fertility. Hence,  a field experiment 
was performed during 2012 growing season at Agricultural Research center of 

Broujerd, to study the effect of nitrogen fertilizers rates, i.e., 0, 50, 100, 150 and 200 kg 
N ha-1 ; as CF1 to CF5 , respectively, on yield and nitrogen use efficiency of corn. So, a 

(CRB) experiment was carried out based on weight, biological yield (BY) were 

evaluated. Results showed that nitrogen rates had significant effects on all traits. Also, 
the effects of bio-fertilizer treatment on grain rows/ear, grain/row, grain/ear, grain yield, 

biological yield, as significant. The combine of N rates × bio- fertilizers sources had 

significant effect on number of grain rows/ear, grain/ear, grain yield, biological yield. 
Maximum grain yield (960 g m2) was achieved at CF5BF1 treatment. Also, the lowest 

grain yield (502 g m2) belonged to CF1BF0 treatment. In general, with application of 

bio- fertilizers, there was no significant difference between CF4BF1 and CF5BF0 
treatments for grain yield. So, it can be concluded that bio- fertilizer application with 

CF4BF1 treatment, can reduce the N fertilizer use to 25% and increased yield of corn. It 
 seem that, this treatment could be beneficial for corn production. 
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INTRODUCTION 

 

Today, it is believed that the interaction between plant root and soil microorganisms are affected by human 

intervention through agricultural and industrial activities (Lynch, 2002). Soil quality is not only dependent on its 

physical and chemical properties but also has a very close relation with its biological properties. At present, 

biofertilizers are considered as alternative or supplementary fertilizers for enhancing soil fertility in sustainable 

agricultural production. Some soil microorganisms which are called plant growth promoting rhizobacteria 

(PGPR) have a positive effect on promoting plant growth. Free-living bacteria play a role in some key 

ecological processes such as the ones involved in biological control of plant pathogens, nutrient cycles, and 

seedling establishment. Therefore, biological materials are multi-functioning in ecological cropping systems so 

that they potentially improve soil physical quality (through developing fungal hyphae or bacterial colonies), soil 

chemical quality (through increased absorption of nutrients) and soil biological quality (through soil food web). 

Adjusting the amount of applied nitrogen in maize cultivation has become a very important economic and 

environmental issue. This matter is especially important in areas where maize is grown under irrigation. 

Traditionally, farmers use more than optimal amount of nitrogen in maize fields. The use of optimal amount of 

nitrogen fertilizer is very important for producing maximum yield and decreasing the negative environmental 

effects. Research has shown that using more nitrogen than optimal amount not only does not improve the grain 

yield, but it also wastes fertilizer, reduces crop cultivation profitability, increases nitrate leaching, and 

contaminates groundwater. On the other hand, low use of nitrogen could lead to the decrease of growth and 

grain yield of maize. This experiment was carried out to study the effect of fertilizers involving microorganisms 

which facilitate nitrogen absorption on maize yield and yield components.  
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MATERIALS AND METHODS 

 

The experiment was carried out in institute of agricultural and natural resources of Lorestan province 

located in Brojerd. Land preparation including plowing and grinding disks was done in the spring of 2011. 

Required Phosphorus and potash fertilizers were used based on the results of soil analysis test. Soil features and 

the indices of the stream where the experiment was carried out are shown in tables 1 and 2 respectively. Stream 

and mound cultivation was done with 75 cm distance between rows and 15 cm between plants in a row and final 

density of 88600 plants per hectare. In each plot five rows of maize were planted as long as 6 m. The distance 

between plots was 1.5 m and the distance between blocks (replications) was 1.5 m. In this experiment SC704 

was used which is a serotinous cultivar with 140-150-day growing season. 

 
Table 1: Chemical and physical characteristics of soil for experiment site 

Silt % Sand% Clay% 
O.M 

% 
EC 

mµ/m 
Totoal 

Nitrogen % 

AVILABLE 

PHOSPHORUS 
(PPM) 

Avilabl

e potassium 
(ppm) 

24 61.4 12.5 0.3 0.66 0.03 16 220 
 

Table 2: Average of microclimatological data for experiment site in the growing season 

MONTH 
TEMPERAT

URE °C 
MIN. TEMP. 

 °C 
Mean. Temp. 

°C 
R.H  % 

Precept  

(mm) 
June 25.1 9.5 18.6 37.6 4.8 
July 35 12.3 23.9 29.4 1.3 
August 36.2 13.5 25 24.5 0 
September 32.3 10.6 20 32.7 13 
October 23.3 4.2 14.5 35 12 
November 14.1 3.1 9 71.1 120 

 

The experiment was carried out as factorial with two factors and four replications in randomized complete 

block design. Treatments were randomly placed in plots and blocks including 7 levels: 

1. Non-use of nitrogen fertilizer and use of biological fertilizer BF1N0. 

2. Use of 50% of needed nitrogen fertilizer which is 100kg nitrogen based on the soil test and biological 

fertilizer BF1N50. 

3. Use of 100% of needed nitrogen fertilizer which is 200 kg nitrogen based on the soil test and biological 

fertilizer BF1N100. 

4. Use of 100% of needed nitrogen fertilizer which is 200 kg nitrogen based on the soil test without the use 

of biological fertilizer BF0N100. 

5. Use of 25% of needed nitrogen fertilizer which is 50 kg nitrogen based on the soil test and biological 

fertilizer BF1N25. 

6. Use of 75% of needed nitrogen fertilizer which is 150 kg nitrogen based on the soil test and biological 

fertilizer BF1N75.  

7. (Control) Non-use of nitrogen fertilizer and without biological fertilizer BF0N0.  

 

Notroxin biological fertilizer which is used contains nitrogen fixing bacteria (Azobacter and Azospirillum) 

produced by Asian institute of biotechnology. The share of each kind of bacterium is 10 living cells in 1 ml of 

Nitroxin. Biofertilizer was used with seeds which were inoculated in shade. The seeds were sowed immediately 

after they got dry. After the product was ripe and by observing the effect of the margin the samples were taken 

from experimental units and the yield and yield components were measured. To determine the traits such as the 

number of rows in the corn, the number of grains per row, and the number of grains in corn, samples including 

10 plants were randomly selected from each experimental unit and the average measurement was registered for 

each trait. The samples were taken from an area of 2 m
2 
of each experimental unit and then they dried in an oven 

at the temperature of 70°
C 

for 48 hours and then the biological yield was measured accurately. Afterwards, the 

grains were separated from the corns of all harvested plants of each experimental unit and were weighed and 

then the grain yield was calculated based on 14% humidity.  

To measure the weight of 1000-grain, three 1000-grain samples were selected from each experimental unit 

and their average weight was considered as the weight of 1000-grain. Control plot without the use of chemical 

fertilizer and without inoculation of the seed was used to calculate the efficiency of other treatments. Then the 

data was analyzed by means of Mini tab software and the means were compared by means of Duncan’s multi 

range test.  

 

Results: 

Corn Number of Row:  
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Results of tables 3 show that the effect of nitrogen fertilizer and bio-fertilizer on corn number of rows is 

significant at 5% and 1% levels respectively. The comparison of the means of various levels of nitrogen in terms 

of corn number of rows shows that the treatments with 200 kg nitrogen and Nitroxin versus the control by the 

average of 14.1 and 10.3 had the highest and the lowest corn number of rows respectively (figure 2).  

Number of Grains per Row: 

Grain number  per row at 1% and 5% probability level was affected by various levels of nitrogen fertilizer 

and bio-fertilizer respectively (Table 3) so that the highest grain number per row (23.9) belonged to BF1N100 

treatment and the lowest grain number per row (15.4) belonged to BF0N0 treatment (figure 1).  

Number of Grains per Ear:  

Number of grains per ear of corn like the increase of the rows and grains per row is affected by fertilizers 

and their interactive effects.  

1000-Grain Weight: 

Analysis of variance in table  shows that the effect of nitrogen on weight of 1000-grain is significant at 1% 

probability level. Means comparison table indicates that crops in treatment with use of 200 kg nitrogen and in 

control (non-use of nitrogen ) with the average of 220.3 and 179 respectively had the highest and the lowest 

1000-grain weight(table 4). In comparison to bio-fertilizer and the effect on control group, the weight of 1000-

grain didn’t change significantly so that it was  g heavier than that of control but it was less than that of the 

treatment with 200 kg nitrogen.  

Biological yield: 

Results of Table 4 indicate that the effect of nitrogen and bio-fertilizer on biological yield is significant at 

1% probability level. Comparison of average levels of nitrogen approved of the fact that crops in treatment with 

200 kg nitrogen and bio-fertilizer and in control treatment with the average of 6919 and 4153 kg/m
2
 respectively 

had the highest and the lowest biological yield which indicates the 40-percent effect of  BF1N100 treatment on 

the increase of biological treatment (Table 4, Figure 3).  

 
Table 3: Analysis of variance for the effect of bio-fertilizer and chemical fertilizer 

Source of varince df No. seed row/ear No. seed/row 
1000-seed 

weight 
Biological yield  

Replication 3 1.55ns 
3.1* 

188.3ns 
6438ns 

BF × CF 6 140.9** 
30.66** 

3690.5** 
16923493** 

Error 18 75283 078 121 75283 

      

C.V (%)  3.24 5.4 7.2 5.9 
ns, *, ** : no significant, significant at p = 0.05 and p = 0.01, respectively. 
 
Table 4: Means comparison for yield and yield components of corn under different levels of bio and chemicals fertilizers of nitrogen  

Treatment 
compound 

No. seed/row No. seed row/ear 
1000-seed weight 
(g) 

Biological 
Yield(g/m2) 

BF0N0 15.4C 
10.3d 

179.06c 
4153c 

BF0N25 21b 
11.8c 

215a 
5487b 

BF1N25 21.8b 
12.3c 

202.5b 
5065b 

BF1N50 22.3ab 
13.3b 

220.6a 
6258ab 

BF1N75 23.7a 
14ab 

219.06a 
6621a 

BF0N100 23.5a 
13.5ab 

216.25a 
6762a 

BF1N100 23.9a 
14.1a 

220.6a 
6919a 

 respectively.   CF1 to CF5 : Nitrogen rates; 0, 50, 100,  

 
Fig. 1: comparison of number seed/row  
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Fig. 2: comparison of number seedrow/ear 

 

 
Fig. 3: comparison of Biological Yield 

 

Discussion: 

Corn Number of Rows: 

 The remarkable decrease of corn number of rows in control treatment (about 10%) is due to lack of 

nitrogen which leads to the decrease of leaf growth, photosynthesis, corn number of florets and increase of 

leaves senescence and seeds abortion [13].  Majidian et al. [8] stated that the combination of chemical and bio-

fertilizers leads to the significant increase of corn number of rows in comparison to the use of chemical 

fertilizers alone. Moser et al. [13] stated that without the use of nitrogen fertilizer corn number of rows would 

decrease which is consistent with the results of this research.   

 

Number of Grains per Row: 

Hamidi and Dabbagh Nasab [4] reported that nutrient availability especially nitrogen during the critical 

stage of grain formation affects the number of grains by increasing crop growth rate and this situation leads to 

strong correlation between number of grains per ear and leaf area index during silk raising stage. In an 

experiment, Biari et al. [1] examined the effect of  Spirillum and Azobacter on corn and stated that the seed 

inoculation with growth enhance bacteria significantly increased the plant height, dry and wet weight of grain, 

stem weight, corn weight, corn length, and number of grains per row. They said that it was due to the increase of 

nutrient absorption needed by crops through the use of bio-fertilizers.  

 

Number of Grains per Ear of Corn:  

In this experiment nitrogen caused assimilate availability for corn through photosynthesis durability and 

thus the number of grains per corn increased due to less competition for nutrients among grains. Naser et al. [15] 
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reported that the use of nitrogen fertilizer significantly increased the number of grains per corn. Yohart and 

Android reported that nitrogen deficiency significantly reduced the number of grains per corn. Nitrogen 

deficiency might lead to grains infertility or their increased abortion or evolution failure. In examining the effect 

of Azobacter and Azospirillum on grain yield of wheat and barley, Milani et al. [10] considered the seed 

inoculation with bio-fertilizers as a low cost and eco-friendly way to increase crops yield.    

 

1000-Grain Weight: 

Biari et al. [1] reported that the weight of 1000- grain would increase by using chemical and bio-fertilizers. 

Hanna et al. [5] declared that the use of nitrogen fertilizer would lead to significant increase of 100-grain weight 

in comparison to the control group ( non-use of fertilizer). Naser et al. [15] reported similar results about maize. 

Yohart and Android stated that nitrogen deficiency would decrease grain yield of maize by decreasing the 

number and weight of grains. They said that the reason is the increased absorption of assimilates needed by crop 

due to the use of bio-fertilizers and nitrogen fertilizers and consequently the increase of photosynthesis process. 

They added that carbohydrates and nitrogen which are stored during flowering stage determine the rate of grains 

in corn and that lack of nitrogen decreases the weight of grains by decreasing photo assimilates. 

 

Grain Yield: 

Hamidi et al. [4] studied the effect of growth enhancer bacteria on late maturing maize hybrids in an 

experiment and reported that the use of such bacteria would increase pollination period, peak period, consistent 

flowering, grain filling and grain yield. Therefore, it seems like that the increase of maize grain yield through 

the use of bio-fertilizer is due to longer duration of grain filling and the increase of nutrient absorption from soil 

as  a result of the increase of total volume of maize roots. Nitrogen is one of the main nutrition ingredients of 

crops such as maize. It seems like that in this experiment nitrogen has affected the number of grains per corn by 

increasing crop growth rate. Moreover, nitrogen caused assimilate availability for the corn through 

photosynthesis durability and thus because of the decrease of grains competition for taking nutrients the number 

of grains per corn and the weight of 1000-grain increased. As a result, as the yield components increased, grain 

yield increased too. Kafi Ghasemi and Esfahani [7] examined the effect of various levels of nitrogen fertilizer 

(0, 67, 138, 207 kgNha
-1

) on grain yield of maize in an experiment and concluded that different treatments of 

nitrogen fertilizer had significant effects on grain yield and the highest rate of grain yield was obtained by the 

use of 207 kgNha
-1

.  

 

Biological yield: 

It seems like that bio-fertilizers have increased crop shoots and consequently have increased biological 

yield by increasing nitrogen absorption and efficiency. Hamidi et al. [4] studied the effect of growth enhancer 

bacteria on the yield of forage corn and concluded that growth enhancer bacteria significantly increased 

biological yield of maize. 

 

Conclusion: 

The results of this experiment showed that the highest grain yield belonged to the treatment in which 200 kg 

nitrogen and Nitroxin fertilizer BF1CF5 was used with the yield of 960 g/m
2
. Control treatment without chemical 

fertilizer or Nitroxin and with the yield of 502g/m
2
 was placed in the lowest level, but there was not a 

statistically significant difference between treatments BF1CF3 and BF1CF4.As a result, it could be expected that 

the combination of bio-fertilizers and nitrogen fertilizers could not only produce sufficient product and improve 

the efficiency of nitrogen uptake, but also decrease the use of nitrogen fertilizer which remarkably contributes to 

a healthy environment and which is an important strategy for moving towards sustainable agriculture.  
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