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ABSTRACT 
 
 The aims of present study were the effects of biofertilizers application on essential oil in summer savory 
(Satureja hortensis L.) at Iran in 2012. This experiment was conducted at Islamic Azad University Shahr-e-
Qods Branch in Tehran by a split factorial design with four replications. The factor studied included four levels 
of animal manure (0, 50, 75 and 100% Total N) and two levels of nitroxin (non-application and application) and 
three levels of irrigation (irrigation after 60, 90 and 120 mm water evaporation from evaporation pan CLASS A) 
were studied. The results showed that treatments significantly increased the oil yield in P≤0.01. Means 
comparison indicated that highest essential oil was achieved by 75% animal manure, application of nitroxin 
under irrigation after 60mm water evaporation. The findings showed that application of nitroxin reduced the use 
of biofertilizer and increased essential oil in summer savory. 
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Introduction 
 
 The excessive use of chemical fertilizers has 
generated several environmental problems. Some of 
these problems can be tackled by use of biofertilizers 
which are natural, beneficial and ecologically 
friendly. In addition to fixing atmospheric N, the 
bacteria of bio-fertilizer of nitroxin helps to the 
growth and development of roots and shoots of 
plants by provoking the exudation of growth 
stimulators like the kinds hormones of growth 
regulators such as auxin, and also production 
different amino acids and various kinds of 
antibiotics, hydrogen cyanide and siderophore. They 
improve the yield and quality by protecting the roots 
against soil-borne diseases [2]. The study of Tabrizi 
et al [3] was application of Nitrogen based on foliar 
application or fertigation was used in combination 
with three depth of planting (10, 15 and 20 cm) in a 
factorial experiment based on complete randomized 
block design with three replications in the years 2011 
and 2012 in Research Station of Horticultural 
Sciences, College of Agriculture and Natural 
Resources, University of Tehran. Results showed 
that Nitrogen application in either form had no effect 
on plant criteria such as number of flowers per unit 
area, flower fresh and dry weight, stigma fresh and 
dry weight, number of daughter corms per unit area 
and daughter corms fresh and dry weight. However, 
Planting depth showed a significant effect on the 
above mentioned criteria. In both years, planting 

depth of 15 cm showed superiority in the number of 
flowers per unit area, flower fresh and dry weight 
and stifma fresh and dry weight except on number of 
daughter corms per unit area, corm fresh and dry 
weight. Increasing depth of planting corm 15 to 20 
cm caused a reduction in number of flowers per unit 
area, flower fresh and dry weight and stigma fresh 
and dry weight. However, in second year, number of 
daughter corms per unit area was enhanced by 
reducing depth of planting to 10 cm recording an 
increase of 23% in number of daughter corms per 
unit area. Interaction effects of nitrogen application 
type and planting depth had no significant effect on 
all measured criteria. The study of Mohammadian 
Roshan et al was the effect of bio-fertilizer nitroxin 
(Azospirillum bacteria and Azotobacter) and 
different amounts of nitrogen fertilizer on grain yield 
and yield components in rice cultivars, an experiment 
in split-plot format based on randomized complete 
block design with 3 replication, in farming year 
2008,in a paddy soil with loamy clay texture, in Iran, 
Guilan was conducted. This experiment consist of 2 
cultivars of rice (c1 = Khazar and c2= Alikazemi) as 
main factor and 6 nitrogen levels (n1 = 0, n2 = 50% 
nitrogen + 50% nitroxin, n3 = 100% nitroxin, n4 = 
100% nitrogen, n5 = 50% nitrogen + 100% nitroxin, 
n6 = 100% nitrogen + 50% nitroxin) as sub factor 
compared with each other. Inoculation seedling’s 
roots with nitroxin biofertilizer in a dish contain 
water and nitroxin biofertilizer before seedling 
transition to main field was corriedout. Analysis of 
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obtained results shows that the effect of combined 
treatment nitroxin biofertilizer with nitrogen fertilizer 
(n2) on traits grain yield ,straw yield, Plant height, 
the number of grain per panicle, percentage of 
hollowing, 1000-grain weight, panicle length, the 
number of bearer tillers and length to width ratio of 
brown grain was statistically significant. The result 
also explained that the interaction effect of nitrogen 
levels and cultivars in above studied traits except 
bearer tillers and length to width ratio of brown grain 
are statistically significant. with consumption 
reduction of nitrogen fertilizer, especially in humid 
regions of Guilan province’s the concentrations of 
nitrate greatly as a plant nutrient has been declined in 
water and foil resources so that human health 
(especially Gall bladder cancer in infants) will not 
come at risk any longer. The study of Shakeri et al 
(2012) was the effects of different nitrogen (0, 25 
and 50 Kg.ha-1) levels and two levels of Nitroxin 
biofertilizer (control and inoculation) on yield and its 
components in three sesame varietes (Darab-14, 
Jiroft and Yazdi) an experiment was conducted at 
Agricultural Research Center and Natural Resources 
of Yazd in 2009. Varietes in main plot, nitrogen 
fertilizer and biofertilizer as factorial were 
randomized in sub-plots used in a split plot factorial 
arranged as a randomized complete block design 
with three replications. Plant height, number of 
capsules per plant, number of branches per plant, 
number of seeds in capsule, 1000 seed weight, seed 
yield, harvest index, oil percent, oil yield and protein 
percent were measured. Concerning the effect of 

varietal differences, results illustrate significance 
differences between the three varieties in all 
determined characters except for oil percent. 
Different nitrogen fertilizer and biofertilizer 
significantly affected in all determined characters 
except for oil percent and harvest index. The highest 
seed yield (1794.4 kg.ha-1) and Protein percent 
(22.48%) was obtained using Darab-14 with applying 
50 kg N ha-1 and applying biofertilizer treatment. 
Seed yield had positive and significant correlation 
with capsules and branches per plant, number of 
seeds in capsul, protein percent and oil yield. 
Generally, the results showed that use of biofertilizer 
can be useful in during the decrease use of N 
chemical fertilizer. Therefore, the aims of present 
study were the effects of biofertilizers application on 
essential oil in summer savory (Satureja hortensis 
L.) at Iran in 2012.   
 
Materials and Methods 
 
 This experiment was conducted at Islamic Azad 
University Shahr-e-Qods Branch in Tehran by a split 
factorial design with four replications. The factor 
studied included four levels of animal manure (0, 50, 
75 and 100% Total N) and two levels of nitroxin 
(non-application and application) and three levels of 
irrigation (irrigation after 60, 90 and 120 mm water 
evaporation from evaporation pan CLASS A) were 
studied. The soil consisted of 27% clay, 29% silt and 
44% sand (Table 1). 

 
Table 1: The results of soil analysis. 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

K 
(mg/kg) 

P 
(mg/kg) 

N 
(mg/kg) 

Na 
(Ds/m) 

pH 

44 29 27 143.1 5.4 36.2 0.06 7.8 

 
 At the end of growth stage we collected 30 
plants from each plot randomly for determination of 
plant characteristics and selected 100g flowering 
shoot from each plot for determination of essential 
oil percentage by Clevenger. Finally, essential oil 
yield was determined by the following formula [1]. 
Essential oil yield = Essential oil percentage × 
Flowering shoot yield 
 Data were subjected to analysis of variance 
(ANOVA) using Statistical Analysis System [SAS, 
1988] and followed by Duncan's multiple range tests. 
Terms were considered significant at P < 0.05. 
 
Results and Discussion 
 
 The results showed that treatments significantly 
increased the oil yield in P≤0.01. Means comparison 
indicated that highest essential oil was achieved by 
75% animal manure, application of nitroxin under 
irrigation after 60mm water evaporation (Table 2 and 
Figures 1, 2 and 3). The findings showed that 
application of nitroxin reduced the use of biofertilizer 
and increased essential oil in summer savory. 

Application of biofertilizer, especially plant growth 
promoting rhizobacteria through integrating use by 
chemical fertilizer is the most important strategy for 
integrated plant nutrition in sustainable management 
of agro-ecosystems, their production increase by 
adequate input sustainable agriculture system. An 
experiment was factorial in randomized complete 
block design with four replications at Farming 
Research of Islamic Azad University of Gorgan. 
Treatments were different percent of Nitroxin, urea 
inclusive nitrogen was supplied by Nitroxin: N1 total 
required nitrogen was supplied by urea, N2 75% 
needed nitrogen by urea and 25% by Nitroxin, N3 
50% needed nitrogen by urea and 50% by Nitroxin, 
N4 25% needed nitrogen by urea and 75% by 
Nitroxin and N5 total needed nitrogen was supplied 
by Nitroxin. The second treatment, wheat cultivar, 
consisted of Kouhdasht, N80-19 and N81-18. 
Nitroxin biofertilizer increased height, seed number 
in cluster, yield, leaf area and dry weight in different 
cycle of wheat growth. Nitroxin biofertilizer also 
increased leaf area and dry matter at ear emergence 
and milk development stage compared to urea usage. 
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Nitroxin biofertilizer can serve as a replacement for 
chemical fertilizer in wheat plant growth. Nowadays, 
tendency to agricultural biotic product sustainable 
agriculture instead of chemical  fertilizers has been 
going up in all over the world. So, most 
pharmaceutical industries prefer to  use raw material 
which is produced from organic and stable system. 
Producing organic  medicinal plants, such as 
peppermint, seems important in economical, 
ecological and  bio environmental aspects. Three 
biological fertilizers effect (Nitroxyn, Supernitroplus, 
Biosulfore) and urea on qualitative  and quantitative 
character of peppermint is the aim of this project 
which was done in a farm of  Jihad Daneshgahi 
Institute of Iran during 2008-2009, as a complete 
randomized block design  with 9 treatment fertilizer 
and 3 replications. Nine treatments were as follows: 
Azospirillum / Azotobacter (Nitroxin 4 and 8 Kg/ha), 
Azospirillum / Bacillus subtilis / Pseudomonas 

 fluorescens (Super Nitro Plus 4 and 8 Kg/ha), 
(Biosulfur 4 and 8 Kg/ha, Urea fertilizer (75 and   100 
Kg/ha), and control treatment with no fertilizer.  The 
results indicated that all fertilizer treatment (biologic 
& urea) had a significant increase in most  character 
comparing to control treatment and among 
biofertilizers, Nitroxin and supernitroplus    (8 kg/ha) 
on par with urea fertilizer had the most effect 
additive on most characters. Based on  this results, the 
above mentioned biofertilizers increased qualitative 
and quantitative yield of  peppermint. According to 
the findings of this experiment, biological fertilizers 
led to increasing the qualitative and quantitative 
functions of peppermint. Using biofertelizer 
including Nitroxin and supernitroplus the utilization 
of nitrogen chemical fertilizers originated from urea 
can be reduced which is an efficient step in achieving 
to a stable agriculture and decreasing biochemical 
pollution [7]. 

 
Table 2: Analysis of variance. 

Means SquaredfSources of Variation 
Essential oil yield

6.265** 3 Replication 
3.431** 3 Animal mature (A) 

0.01 9 Error a 
2.333** 1 Nitroxin (B) 

0.201 3 A × B 
450.156** 2 Irrigation regimes (C) 

1.035* 6 A × C 
1.506** 2 B × C 

0.012 6 A × B × C 
4.164 30 Error bc 
4.52 CV (%) 

* and ** : Significant at 5% and 1% levels respectively 
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Fig. 1: Effect of animal manure on essential oil yield. 
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Fig. 2: Effect of nitroxin on essential oil yield. 
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Fig. 3: Effect of irrigation regimes on essential oil yield. 
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