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ABSTRACT 
 
The experiment was carried out to study the effect of different fertilizer treatments on the yield of barley cv. 

Reyhan in Gonabad, Iran in 2008. It was based on a Randomized Complete Block Design with three 
replications. The fertilizer treatments included (1) base chemical fertilizer + twice urea topdress as soil 
application at tillering and stem elongation stages, (2) base chemical fertilizer + twice urea topdress at tillering 
and stem elongation + nitroxin foliar application at tillering stage, (3) base chemical fertilizer, (4) base chemical 
fertilizer + nitroxin foliar application at tillering stage, (5) base chemical fertilizer + urea topdress at tillering + 
nitroxin foliar application at stem elongation stage, (6) base chemical fertilizer + nitroxin foliar application at 
tillering stage + urea top dress at stem elongation stage, (7) base chemical fertilizer + Phosamco 4 fertilizer 
foliar application at tillering stage + nitroxin foliar application at stem elongation stage, (8) base chemical 
fertilizer + nitroxin foliar application at tillering stage + Phosamco 4 fertilizer foliar application at stem 
elongation stage and (9) no-top dress and base fertilizer (control). The base fertilizer was 100 kg urea/ha + 120 
kg triple super phosphate/ha + 130 kg potassium sulfate/ha which was applied to soil during planting. The 
results of analysis of variance showed that all studied traits were affected by fertilizer treatment except harvest 
index. Treatment 1 (base chemical fertilizer + twice urea topdress as soil application at tillering and stem 
elongation stages) had the highest mean grain yield (4.55 t/ha). The correlation of grain yield with biological 
yield, harvest index, 1000-grain weight, grain number per spike, spike number per plant, plant height and stem 
diameter traits was positive and significant. 
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Introduction 

 
Fertilizers have played an important role in plant 

growth and development [23,24,25,26,27,28,29,30]. 
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 [5,11,15].  

The importance of chemical addition effects of 
bio-fertilizers was report by previous researcher for 
component traits like plant height [9], spike length 
[21], grain weight [21,20], flag leaf area [16] and 

grains number per spike [19]. In a study on the effect 
of Aztobacter and Azospirillum at different N levels 
(0, 30, 60, 90 and 120 kg/ha) on growth and yield of 
wheat, Zambere et al. [22] concluded that separate 
application of Aztobacter and Azospirillum increased 
grain yield by 19.2 and 25.8%, respectively 
compared with control and with their mixture under 
the application of 120 kg N/ha produced the highest 
tiller number per plant and grain yield. Carletti 
(2002) studied the effect of Aztobacter as a growth-
inducing bacteria on maize yield and found that soil 
inoculation with this bacteria maximized N and P 
uptake potential and led to a considerably increase in 
yield. Ravikumar et al.  [18] reported that the effect 
of Azobacter on root length and volume and leaf area 
was significant compared with control. Khavazi et al. 
[11] showed wheat yield improvement as a result of 
application of Azotobacter and Azospirillum 
inoculums in controlled field trials in Iran. Similarly, 
higher biological yields in wheat and barley after 
inoculation the seeds with Azotobacter and 
Azospirillum was found by Ali et al. [3]. In Kumar et 
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al. [13] experiment, Azotobacter chroococcum 
increased wheat grain yields by 12.6 to 14.0% at N 
fertilizer rates of 60 to 120 kg ha-1.  

Kazemi and Mardan [10] studied the effect of 
optimum application of macro and micro chemical 
fertilizers such as Phosamco4 on sunflower yield and 
concluded that the treatment of fertilizers including 
essential elements and micronutrients produced the 
highest grain yield and yield components. Also, in a 
study on the effect of balanced nutrition on grain 
wheat, Dordipoor and Biabani [8] stated that the 
application of Phosamco4 led to the increase in grain 
number and grain yield. 

The current study was carried out in order to 
study the effect of different chemical and bio-
fertilizers on morphological traits, yield and yield 
components of barley in Gonabad, Iran. 
 
Materials and Methods 

 
The present study was carried out in Gonabad, 

Province of Khorasan, Iran (Long. 57°45´ E., Lat. 
34°57´ N., Alt. 1130 m) in 2008-2009 based on a 
Randomized Complete Block Design with three 
replications.The soil texture was loam-sandy with pH 
of 7.9 and total N content of 0.01%.  

The fertilizer treatments included (1) base 
chemical fertilizer + twice urea topdress as soil 
application at tillering and stem elongation stages, 
(2) base chemical fertilizer + twice urea topdress at 
tillering and stem elongation + nitroxin foliar 
application at tillering stage, (3) base chemical 
fertilizer, (4) base chemical fertilizer + nitroxin foliar 
application at tillering stage, (5) base chemical 
fertilizer + urea topdress at tillering + nitroxin foliar 
application at stem elongation stage, (6) base 
chemical fertilizer + nitroxin foliar application at 
tillering stage + urea topdress at stem elongation 
stage, (7) base chemical fertilizer + Phosamco 4 
fertilizer foliar application at tillering stage + nitroxin 
foliar application at stem elongation stage, (8) base 
chemical fertilizer + nitroxin foliar application at 
tillering stage + Phosamco 4 fertilizer foliar 
application at stem elongation stage and (9) no-
topdress and base fertilizer (control). The base 
fertilizer was 100 kg urea/ha + 120 kg triple super 
phosphate/ha + 130 kg potassium sulfate/ha which 
was applied to soil with planting and then, they were 
mixed with soil. There are nitrogen fixing bacteria 
containing Azotobacter and Azospirillum (108/ml) in 
nitroxin. Phosamco 4 is a complete fertilizer 
containing 100, 40, 70, 1.8, 1.3, 1, 0.7, 0.29, 0.07 and 
0.03 g/lit N, P2O5, K2O, Mg, Mn, Cu, Zn, B, Fe and 
Mo, respectively. 

Each experimental plot included 15 planting 
rows with inter-row spacing of 9 cm and inter-plant 
spacing of 5 cm. Each experimental unit was 5 m in 
length and 4 m in width. The plots were 0.5 m apart 
and the replications were 1.5 m apart. 

The seeds were planted in November 16, 2008 

by Taka seed drill. The first fertilizer application as 
first topdress or foliar application was carried out in 
February 24, 2009 concurrent with tillering stage and 
the second topdress or foliar application was carried 
out in March 14, 2009 concurrent with stem 
elongation stage. 

To determine yield components including spike 
number/plant, grain number/spike and 1000-grain 
weight and morphological traits including plant 
height and stem diameter, 10 plants were randomly 
harvested from each plot and were transferred to 
laboratory. In order to determine total dry yield 
(biological yield) and grain yield, an area of 3 m2 
was harvested from the middle of each plot. Harvest 
index was calculated by: 

HI= (grain yield/ biological yield)  × 100 
Finally, the data were analyzed by software 

Mstatc and the means of traits were compared by 
Duncan Method at 5% level. 
 
Results and Discussion 
 
1. Morphological traits 

 
The results of analysis of variance showed 

significant differences in plant height and stem 
diameter of different fertilization treatments (Table 
1).  
 
1.1. plant height: 

 
The treatments 2 (base chemical fertilizer + 

twice urea topdress at tillering and stem elongation 
stage + nitroxin foliar application at tillering stage) 
and 3 (base chemical fertilizer) had the highest and 
lowest plant heights with means of 91.43 and 59.23 
cm, respectively (Table 2). It should be mentioned 
that the treatments 1, 2, 5 and 6 exhibited no 
significant differences in their plant heights. It can be 
said that the increase in N supply led to the increase 
in plant height. 

Rajaei et al. [17] reported that Azotobacter 
application in wheat had no significant effect on 
plant height compared with control (no-fertilization) 
which is in agreement with the results of the present 
study. Also, in a study on the effect of N foliar 
application on wheat yield and yield components, 
Abbasdokht and Marvi [1] concluded that N foliar 
application at late-stem elongation stage did not 
significantly affect plant height which is in 
agreement with the results of the present study. 

 
1.2. Stem diameter: 

 
The highest and lowest stem diameter was 

observed in treatments 4 (base chemical fertilizer + 
nitroxin foliar application at tillering stage) and 3 
(base chemical fertilizer), respectively (Table 2). The 
increase in stem diameter compared with control (no-
fertilization) could have been caused by supplying 
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plants with the required nutrient and the resulting 
increase in growth and partitioning of dry matter to 
stems. Positive and significant correlation coefficient 
of stem diameter with yield and yield component 
(Table 3) also represent this matter.  

Possibly, early leaf shedding due to N deficiency 
which decreases plant photosynthesis potential, can 
be the most important cause of the decline in 
vegetative growth under N deficiency. It means leaf 
area index and duration reduction and then, the 
decrease in photosynthesis potential can be consider 
as the reasons for the significant decrease in 
morphological traits under N deficiency.  
 
2. Yield and yield components: 

 
The results of analysis of variance indicated that 

different fertilization treatments had significant effect 
on grain yield, grain number per spike, 1000-grain 
weight and spike number/plant at 1% level and on 
biological yield at 5% level, but they had no 
significant effect on harvest index (Table 1). 
 
2.1. Grain yield: 

 
The highest grain yield was obtained by 

treatment 1 (base chemical fertilizer + twice urea 
topdress as soil application at tillering and stem 
elongation stages) and the lowest grain yield was 
obtained by treatment 9 (no-topdress and base 
fertilizer) (Table 2). Though, it should be noted that 
the treatments 1, 6 (base chemical fertilizer + 
nitroxin foliar application at tillering stage + urea 
topdress at stem elongation stage) and 8 (base 
chemical fertilizer + nitroxin foliar application at 
tillering + Phosamco 4 fertilizer foliar application at 
stem elongation) - with grain yields of 455, 453.3 
and 447.7 g/m2, respectively - were ranked in the 
same statistical group. In the other hand, grain yield 
increased in treatments 1, 6 and 8 by 102.2, 101.5 
and 99% as compared with control (no-fertilization) 
and 68.5, 67.9 and 65.8% as compared with 
treatment 3 (base chemical fertilizer), respectively, 
which was a proof of the importance of meeting 
nitrogen requirement of plants during tillering and 
stem elongation stages in barley. 

 It means that environmental contamination of 
excessive N application can be mitigated by 
replacing nitroxin biofertilizer (treatment 6) and 
Phosamco 4 fertilizer (Treatment 8) application 
which would lead to the realization of proper yield, 
too. 

Increasing of yield and yield components with 
Nitroxin application was probably due to the increase 
absorption of nutrients. In addition, Nitroxin 
application increased sink size by increasing spike 
number per plant and seed number per spike in 
comparison with no-topdress and base fertilizer and 
alone base chemical fertilizer treatments. The 
increase in grain yield due to the increase in applied 

N rate was because of the formation of strong 
sources – i.e. more grains – and source activity – i.e. 
higher LAI and longer leaf duration. 

Rajaei et al. [17] and Hajiboland et al. [14] 
reported that the treatment of Azotobacter and 
Azospirillum + chemical fertilizer significantly 
increased grain yield as compared with control 
(chemical fertilizer). They stated that nitrogenous 
compounds, that are built up following the 
interaction between root and Azotobacter, might be 
transferred more quickly and efficiently (e.g. at 
loading stage) to shoots than normal N transfer (in 
un-inoculated plants). Dordipoor and Biabani [8] 
showed that with the application of Phosamco4, 
biological yield, grain yield, 1000-grain weight and 
grain number per spike of wheat increased. 

In a study on the effect of Azospirillum on 
wheat grain yield, Diaz -zorita and Virginia [7] 
reported that inoculation of wheat seeds with this 
bacteria increased grain yield as compared with 
control (no-inoculation). Also, Amirabadizadeh [4] 
reported that in barley and triticale, Aztobacter alone 
and with no base fertilizer had no significant 
difference with control (no-fertilization) which this 
studies are in agreement with the results of the 
present study. 
 
2.2. Spike number per plant: 

 
Treatments 6 (base chemical fertilizer + nitroxin 

foliar application at tillering stage + urea topdress at 
stem elongation stage) and 9 (no-topdress and base 
fertilizer) with mean spike numbers per plant of 5.13 
and 3.2 had the highest and lowest ones, respectively 
(Table 2). The increase in spike number per plant at 
treatment 6 could have been due to the promoting of 
growth hormones produced by Azotobacter and 
Azospirillum. Also, the decrease in spike number per 
plant in treatment 2 might have been due to 
availability of excessive N, excessive vegetative 
growth and tillering and lodging because tillering 
continues until flowering stage in grains [12]. 

According to means comparison, treatments 6 
(base chemical fertilizer + nitroxin foliar application 
at tillering stage + urea topdress at stem elongation 
stage), 5 (base chemical fertilizer + urea topdress at 
tillering stage + nitroxin foliar application at stem 
elongation stage), 7 (base chemical fertilizer + 
Phosamco 4 fertilizer foliar application at tillering 
stage + nitroxin foliar application at stem elongation 
stage) and 8 (base chemical fertilizer + nitroxin foliar 
application at tillering stage + Phosamco 4 fertilizer 
foliar application at stem elongation stage) were 
ranked in the same statistical group in terms of spike 
number per plant (Table 2). 

In a study on the effect of N fertilizer, Ahmadi 
and Kazemi [2] reported the increase in spike 
number per plant of wheat through application of N 
fertilizer. They related it to the fact that N might have 
increased cytokinin content of xylem sap through 
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which spike number per plant increased. These study 
are in agreement with the results of the present study. 
 
2.3. Grain number per spike: 

 
Treatment 1 (base chemical fertilizer + twice 

urea topdress as soil application at tillering and stem 
elongation stages) produced the highest mean grain 
number per spike (40.67) and treatment 9 (no-
topdress and base fertilizer) with the mean 22.03 
produced the lowest grain per spike (Table 1). 
 
2.4. 1000-grain weight: 

 
Means comparison (Table 2) showed that 

treatment 8 (base chemical fertilizer + nitroxin foliar 
application at tillering stage + Phosamco 4 fertilizer 
foliar application at stem elongation stage) had the 
highest mean 1000-grain weight (39.05 g) and 
treatment 9 (no-topdress and base fertilizer) had the 
lowest one (20.03 g). The increase in 1000-grain 
weight in treatment 8 could be related to flag leaf 
feeding and its closeness to spike (sink). 

Rajaei et al. [17] reported that inoculation of 
wheat with Azotobacter significantly increased grain 
number per spike and 1000-grain weight as 
compared with control (no-fertilization). Also, in a 
study on the effect of seed inoculation with 
Azospirillum fertilizer in Argentina, Diaz -zorita and 
Virginia [7] reported the increase in grain yield by 
260 kg/ha and stated that grain number per spike and 
1000-grain weight of wheat significantly increased in 

the presence of Azospirillum as compared with 
control (no-fertilization). 

 
2.5. Biological yield: 

 
Means comparison (Table 2) indicated that 

treatment 6 (base chemical fertilizer + nitroxin foliar 
application at tillering stage + urea topdress at stem 
elongation stage) produced the highest mean 
biological yield (1232 g/m2) and treatment 9 (no-
topdress and base fertilizer) produced the lowest one 
(655.7 g/m2). 

Rajaei et al. [17] concluded that Azotobacter not 
only affected the increase in growth and chlorophyll 
content of wheat, but also had a positive effect on 
uptake and transfer of elements and consequently, 
caused the increase in biological yield. 

In a study on the effect of Azotobacter and 
Azospirillum + chemical fertilizer on biological yield 
in wheat, Hajiboland et al. [14] reported that this 
treatment significantly increased biological yield as 
compared with control (chemical fertilizer). They 
related the increase in biological yield to the 
exudation of plant hormones like auxin which 
increased root area as compared with control and 
subsequently, increased water and elements uptake 
and biological yield. Also, Ravikumar et al. [18] 
studied the effect of Azotobacter on wheat biological 
yield and reported that this treatment significantly 
increased biological yield as compared with control 
(no-fertilization).

  

Table 1: Mean square for effects of fertilizer treatment on morphological traits yield  and  yield components of barley                           

               
ns Non Significant at 0.05 probability level and *, ** Significants at 0.05 and 0.01 probability levels, respectively. 
 

Table 2: Effect of fertilizer treatment on morphological traits and yield  and yield components of barley 

Biological 
 yield 

Seed 
 yield 

1000-
seed  

weigh
t 

No. 
seed  

Per 
 spike  

No.  
spike per  

plant  

Stem 
diameter 

Plant  
heigh

t f 

 
SOV 

219116.25*

* 
29914

.8* 
1.35ns2.81ns0.003ns0.08n

s 
62.09

8ns 
Replicati

on 
119891.676

* 
19720

** 
139.7

3** 
124.8

7** 
1.91** 0.33*

* 
351.6

5** 
Fertilizer 

30800 2880.
3 

0.72 2.69 0.2 0.05
6 

46.34
8 6 

Error  

17.18 14.92 2.85 4.29 10.27 5.51 8.81 CV (%) 

Biologic
al 

 yield 
(g/m2) 

Seed 
 yield 
(g/m2) 

1000 seed 
weight 

(gr) 

Number 
seed per spike 

Numbe
r  spike per 
plant 

Stem 
diameter 
(mm) 

Plan
t height  

(cm) 

Fertilizer 

1209.1a 455a 37.7a 40.7a 4.93a 3.96cd 84.3
ab 

T1
* 

1052.2ab 362.3
b 

26e 31.1c 3.53b 4.40ab
c 

91.4
a 

T2 

779.1bc 270c 20.8f 23d 3.33b 3.82d 59.2
d 

T3 

1070.2ab 342b 27.6d 31c 4.43a 4.80a 70.2
cd 

T4 

1145a 386.7
b 

32.8b 36.1b 4.96a 4.31bc 85.5
ab 

T5 

1232.3a 453.3
a 

34.1b 39.2ab 5.13a 4.26ab 86.9
ab 

T6 
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Means followed by the same letter symbols in each column-according to Duncan’s multiple range test are 
 not significantly (P<0.05) different from each other. 

*T1:base chemical fertilizer + twice urea topdress as soil application at tillering and stem elongation stages, T2:base chemical fertilizer 
+ twice urea topdress at tillering and stem elongation + nitroxin foliar spray at tillering stage, T3:base chemical fertilizer, T4:base chemical 
fertilizer + nitroxin foliar spray at tillering stage, T5:base chemical fertilizer + urea topdress at tillering  stage + nitroxin foliar spray at stem 
elongation stage, T6:base chemical fertilizer + nitroxin foliar spray at tillering stage + urea topdress at stem elongation stage, T7:base 
chemical fertilizer + Phosamco 4 fertilizer foliar spray at tillering stage + nitroxin foliar spray at stem elongation stage, T8:base chemical 
fertilizer + nitroxin foliar spray at tillering stage + Phosamco 4 fertilizer foliar spray at stem elongation stage and T9:no-topdress and base 
fertilizer (control). The base fertilizer was 100 kg urea/ha + 120 kg triple super phosphate/ha + 130 kg potassium sulfate/ha which was 
applied to soil with planting and then, they were mixed with soil.  

 
 Table 3: Correlation coefficient between traits of barley 

ns Non Significant at 0.05 probability level and *, ** Significants at 0.05 and 0.01 probability levels, respectively. 
 

Conclusion: 
 
In total, the results indicated that supplying 

enough nitrogen for plants plays an important role in 
enhancing vegetative growth, yield components and 
yield, so that after the application of nitrogenous 
fertilizer at two stages after emergence (tillering and 
stem elongation stages), significantly increased 
barley grain yield as compared with the treatments of 
no-fertilization and the application of only base 
chemical fertilizer at planting date. In addition, given 
the ranking of treatments 1, 6 and 8 in a same 
statistical group, treatment 8 can be recommended 

under the conditions of the present study because of 
its higher grain production potential and lower 
environmental contamination of excessive 
application of N fertilizers. Also, treatment 2 is not 
recommended owing to excessive supply of N to 
plants and its role in creating lodging which 
significantly decreased grain yield. Also the results 
showed that seed yield is been correlated, 
significantly with other measured traits in this 
experiment. This means that any treatment that could 
increase plant growth parameters and its performance 
may be effective in grain yield. 
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