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ABSTRACT
To investigate the effect of Biosoy and Barvar-2 bio-fertilizers in combination with nitrogen and phosphorus
fertilizers on yield and yield components of soybean, a factorial experiment based on randomized complete block
design with three replications was conducted on Research Farm of Moghan College of Agriculture and Natural
Resources in 2014. The first factor included biological fertilizers in three levels (control, single inoculation with
Biosoy and dual inoculation with Biosoy+Barvar-2) and the second factor included chemical fertilizers in four
levels (150 kg/ha urea, 200 kg/ha diammonium phosphate, 150 kg/ha urea + 200 kg/ha diammonium phosphate
and control). The results have shown that the highest pod dry weight, shoot dry weight, grain numbers, pod
numbers, grain yield and biological yield were achieved when seeds inoculated with Biosoy and/or
Biosoy+Barvar-2 and received 200 kg/ha diammonium phosphate. There were no significant differences between
inoculation with Biosoy and dual inoculation with Biosoy and Barvar-2 at all chemical fertilizer levels. Application
of 150 kg/ha urea + 200 kg/ha diammonium phosphate decreased Crop performance in both single and dual
inoculation. Both types of inoculation produced higher nodule dry mass than non-inoculated seeds at all fertilizer
levels. Therefore, inoculation of soybean seeds by Biosoy and/or Biosoy+Barvar2 along with application of 200
kg/ha diammonium phosphate produced the highest grain yield and saved the use of urea fertilizer.
Keywords: Barvar-2, Biosoy, Diammonium phosphate, Inoculation, Nodule, Soybean, Urea.

INTRODUCTION

tons per hectare and in the world was almost 113 million
hectares with an average yield of 5.2 tons per hectare.

Soybean grain is the main source of protein for animal

Nitrogen is a mobile element that its intake by plants

feed and human diet (Dastmalchi & Dhaubhadel, 2015 and

in wet and dry conditions is limited due to leaching and

Singh & Singh, 1992). Soybean plant in the tropics is

water scarcity. Reduction of phosphorus availability in

increasingly becoming a commercial crop and is of

acidic soils in the presence of iron and aluminum ions and

important nutritional because of the oil, protein and high

in calcareous soils by calcium ions decreases plant growth

compatibility (McKevith, 2005). According to FAO

(Shen et al, 2011). Pseudomonas putida bacteria as

(FAOSTAT, 2013) the area under soybean cultivation in

phosphate solubilizing bacteria, increases root growth and

Iran was 76 thousand hectares with an average yield of 4.2

as a result the availability of elements (Jha et al, 2009;
Ahemad and Kibret, 2014). Seed coating of phosphate
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solubilizing bacteria bacillus caused a significant increase
in leaf biomass and yield components such as the number
of pods per plant, the number of seeds per plant and seed
yield per plant compared to the control (Minaxi et al,
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2011). Dias et al. (2008) showed that the beneficial

so that the most effectiveness obtained with the least

effects of microorganisms on the growth and yield of

amount of fertilizer (El-Shaarawi et al, 2011). Inoculation

crops are often not clear and even had a negative effect on

of common bean with plant growth promoting bacteria

crops, especially in the first year. For instance, phosphate

along with phosphorous fertilizer significantly increased

solubilizing organisms compete with the plant for uptake

stem height, nodule dry weight, grain and biological yield

phosphorus.

not stem biomass (Zafar et al, 2011).

Seed inoculation with Rhizobium increased nodule

The aim of this study was to find a combination of

dry weight (Zuffo et al, 2015, Mohamed & Hassan,

biological and chemical fertilizers in which not only

2015). Hungria et al, (2006) have reported that the

increases the performance of the crop, but also reduces

amount of fixed nitrogen by soybean was 300 kilograms

chemical fertilizer consumption in the conventional

per hectare that met almost 94% of the soybean need for

farming system.

nitrogen. This fixed nitrogen increase plant growth and

Materials and Methods

yield (Salih et al, 2015). A significant increase in growth

The study was conducted as factorial based on a

parameters and grain yield by various researchers (Soe et

randomized complete block design with 12 treatments

al, 2010, Kala et al, 2011) has been reported because of

and three replications in the research field of the Moghan

seed inoculation with Bradyrhizobium strains. Rhizobium

College of Agriculture and Natural Resources, Ardabil,

significantly increased parameters such as plant height,

Iran, (Longitude 47 degrees 10 minutes, latitude 39

dry weight of nodules, the number of pods per plant, grain

degrees 42 minutes, mean annual precipitation of 245 mm

yield per plant (Gajera et al, 2014), the number of seeds

and a mean annual temperature of 15 °C), in 2015.

per pod and harvest index (Jaga & Sharma, 2015) and dry

Some soil properties are presented in Table 1. The

weight soybean shoots (Zuffo et a., 2015). Mohammed

available fraction of Zn, Fe, Cu, Mn, P and K, and total

and Hassan (Mohamed & Hassan, 2015) also reported

amount of N were shown in it. Micronutrients were

that inoculated pea crops compared with non-inoculated

extracted by DTPA extraction. In the conventional

had more dry nodule weight, grain yield, the number of

cropping system in Moghan plain the amount of urea as

pods and grains number. Salih et al. (2015) stated that the

nitrogen and diammonium phosphate as phosphorous

growth and grain yield were much more for 100 kg per

fertilizer for soybean was 150 and 200 kg per hectare,

hectare diammonium phosphate in combination with

respectively. The first factor included biological

Bradyrihzobium treatment. The combined application of

fertilizers in three levels (control, inoculation with Biosoy

B. japonicum and low application of nitrogen fertilizer

and dual inoculation with Biosoy and Barvar-2,) and the

compared to single application of all nitrogen increased

second factor included chemical fertilizers in four levels

soybean yield and growth characteristics and beneficial

(150 kg/ha urea, 200 kg/ha diammonium phosphate, 150

effect of B. japonicum on total dry weight, stems, pods,

kg/ha urea + 200 kg/ha diammonium phosphate and

and grain yield improved by reducing nitrogen amounts

control).
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Table 1. Some characteristics of soil
Znava.

Fe ava.

Cu ava.

Mn ava.

N t.

P ava.

(ppm)

(ppm)

(ppm)

(ppm)

(%)

(ppm)

3.62

4.58

3.80

9.67

0.09

10.5

Ec

CEC

Caco3

OM

(ds/m)

(meq/100 g)

(%)

(%)

1.89

18.5

15/08

0.95

K ava.
(ppm)
627
The

biofertilizer,

Biosoy,

(pH)
7.45

which

texture
Loamy clay

contains

and weighed after drying in an oven. After physiological

Bradyrhizobium japonicum bacteria obtained from

maturity in which all parts of plants were brown, 10 plants

Biorum Company and Barvar-2 special for soybean that

randomly harvested and stem height, shoot dry weight,

contains the bacteria Pseudomonas putida s-P13 and

dry weight of pods, biological yield, the number of pods,

Pantoea agglomerans for dissolving phosphate obtained

the number of grains per pod and grain weight was

from Green Biotech Company. In both types of bio-

determined. Grain yield was determined by harvesting all

8

fertilizers, there were 10 bacteria per gram of fertilizer.

plants in one square meter. Pod weight was assayed after

A Pack of Barvar-2 (100g) and a pack of Biosoy (500 cc)

the 2 weeks air-drying in the laboratory. Nodules and

were used for inoculation 70 kg of seed. Each plot

stems dried at 72 °C for 48 hours in an oven. SAS

consisted of five rows with four meters long, spaced 50

software and Duncan's multiple range test used to data

centimeters apart. The optimum plant density (50 plants

analysis and mean comparisons.

2

per m ) obtained by extra seed sowing and hand thinning.
Soybean (cv Zan) seeds with a distance of 8 cm in rows

Results and Discussion:

on both sides of the stack were planted at a depth of 3-4

Dry weight of nodules:

cm. The distance between the blocks and plots was 3 and

Biological

and

chemical

fertilizer

interactions

1.5 meters, respectively. Different amounts of urea and

affected nodule dry weight (Table 2). In plants from non-

diammonium

placed

inoculated seeds, the nodules dry weight was same at

approximately 5 cm under and beside of the place of the

different levels of chemical fertilizer. Inoculation with

seeds at planting. Irrigation was performed immediately

Biosoy and dual inoculation with Biosoy+Barvar-2

after planting and fertilizing so that bacteria do not die of

showed significant superiority compared to non-

drought. Subsequent irrigation was carried out in

inoculated plants at all levels of chemical fertilizers. At

accordance with conventional cropping system in which

all levels of chemical fertilizers, the difference between

soybean farms were irrigated after 15-20 days from

inoculation with Biosoy and dual inoculation with

previous irrigation. Weeds controlled manually. The soil

Biosoy+Barvar-2

around five soybean plants was fully irrigated; next plant

inoculation with Biosoy and dual inoculation with

roots along with soil particles enclosed were taken by

Biosoy+Barvar-2 produced the highest nodule dry weight

shovel from each plot at the early stage of grain filling

when 200 kg/ha diammonium phosphate was applied

(R5). Then the roots were washed, nodules collected

(Table 3). Application of 200 kg/ha diammonium

phosphate

fertilizers

were
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phosphate containing 36 kg N and 92 kg P2O5 equivalent

soybean inoculation with nitrogen fixing and phosphate

had not a negative impact on the growth of root nodules.

solubilizing bacteria produced more stem height than

Because the right amount, without excess of nitrogen, was

control. However, Sultana et al. (2014) stated that plant

placed as a tape under the soil. Sultana et al, (2014)

height for inoculated plants with Rhizobium was

showed that the nodule weight for inoculated seeds with

significantly higher than the control. Begum et al. (2015)

Rhizobium has significantly been higher than the control.

showed that combined application of nitrogen and

Fankem et al, (2015) reported that soybean seed

phosphorus fertilizers were more effective than the sole

inoculation with phosphate solubilizing bacteria had

application of them.

lowest nodule weight, where inoculated with nitrogen-

Shoot dry weight

fixing bacteria, phosphate solubilizing bacteria, and their

Shoot dry weight was affected by biological and

combination produced highest amounts. Jaga & Sharma,

chemical fertilizers (Table 2). For non-inoculated plants,

(2015) also reported similar results.

application of chemical fertilizers showed significant

Plant height:
Biological

and

superiority compared to control. There were not found
chemical

fertilizer

interactions

significant differences between inoculation with Biosoy

affected Plant height (Table 2). In the case of non-

and dual inoculation with Biosoy and barvar-2. Inoculated

inoculated plants, increased use of chemical fertilizers

plants with Biosoy and dual inoculation with Biosoy and

increased plant height so that control produced the lowest

Barvar-2 along with utilization of 200 kg/ha diammonium

height and the combined use of 150 kg urea and 200 kg/ha

phosphate produced more weight, even more than

diammonium phosphate had the highest height. The

applying of 200 kg/ha diammonium phosphate + 150

difference between inoculation with Biosoy and dual

kg/ha urea for non-inoculated plants (Table 3). The

inoculation with Biosoy+Barvar-2 was non-significant at

increase in dry weight of stem was associated with stem

all levels of chemical fertilizer. Application of 200 kg/ha

height that caused by providing nitrogen to the plant.

diammonium phosphate for inoculated plants with Biosoy

Fankem et al. (2015) reported that inoculated soybean and

and dually inoculated plants with Biosoy+barvar-2

common bean plants produced more stem dry weight than

produced greatest height which, is statistically equal to

non-inoculated plants. Also, Elkoca et al. (2008) reported

the application of 200 kg/ha diammonium phosphate +

that inoculation of pea seeds with nitrogen-fixing bacteria

150 kg/ha urea (table 3). In both single and dual

compared

inoculation, application of 200 kg/ha diammonium

significantly shoot dry weight and this increase is equal to

phosphate compared to other chemical fertilizer levels

or higher than applying of nitrogen, phosphorus, and N +

produced more nodules that fixed more nitrogen caused

P fertilizers.

to greater height. Fankem et al, (2015) reported that
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Table 2. ANOVA for some growth parameters at different level of chemical and biological fertilizers
MS
S.O.V

df

replication

2

Bio-fertilizers

2

(A)
Chemical

3

fertilizers (B)

Stem dry

Pod dry

weight/plan

weight/pla

t

nt

131.2**

0.017ns

11.1**

13.0**

0.46**

243.2*

1.34**

8.26**

15.75**

0.018**

322.9**

2.54**

12.14**

25.53**

Nodule

plant

biomass

height

0.013**

Biological
yield

A× B

6

0.010**

261.1**

0.93**

3.78**

8.16**

Error

22

0.001

49.9

0.092

0.64

0.83

6.7

8.85

8.22

12

9.18

C.V.(%)
Ns

, * and **: Non-significant, Significant at 0.05 and 0.01, respectively

Pods Dry weight per plant

affected biological yield (Table 2). In non-inoculated

The interaction effect of biological and chemical

plants, all chemical fertilizers levels increased significantly

fertilizer has affected pods dry weight per plant (Table 2).

biological yield compared to the control. When inoculated

In non-inoculated plants, applying of 150 kg/ha urea + 200

plants with Biosoy and Biosoy+Barvar-2 fertilized by 200

kg/ha diammonium phosphate produced significantly

kg/ha diammonium phosphate the plants produced the

higher pod dry weight than non-application of chemical

highest biological yield, which, was more than applying

fertilizer. When plants were inoculated with Biosoy and or

150 kg/ha urea+ 200 kg/ha diammonium phosphate for

biosoy+barvar-2, utilization of 200 kg/ha diammonium

non-inoculated plants (table 3).

phosphate produced the highest pod dry weight, which was

Production of the highest biological yield in both

significantly higher than the pod dry weight of non-

types of inoculation along with applying 200 kg/ha

inoculated plants when they received 150 kg/ha urea + 200

diammonium phosphate was due to higher amount of

kg/ha diammonium phosphate (table 3). Application of 200

nodules, increase in stem and pod dry weight. El-

kg/ha diammonium phosphate along with seed inoculation

Shaarawy et al. (2011) stated that the most effective of B.

with Biosoy and Biosoy+barvar-2 had the highest pod dry

japonicum in total dry weight was obtained in the lowest

weight due to increase in nitrogen supply to plants by

amount of chemical fertilizer. Sankar et al. (2015) also

nitrogen fixing bacteria. However, Rao (2014) reported

reported beneficial effects of plant growth promoting

that the combination of Bradyrhizobium and Pseudomonas

bacteria on dry weight of phaseolus mungo.

bacteria along with 100 percent of nitrogen and phosphorus

Pods per plant

fertilizers produced the most pod weight.

The number of pods per plant was affected by

Biological yield:

biological and chemical fertilizer interaction (Table 4). In

Biological and chemical fertilizers interaction has

the case of non-inoculated plants, use of 150 kg/ha urea +
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200 kg/ha diammonium phosphate produced the highest

combined

application

amount and non-application of chemical fertilizer

phosphate in non-inoculated plants. That was because

produced the lowest number. The non-application of

Biosoy produced more nodules compared with non-

chemical fertilizer for non-inoculated plants had the

inoculated plants. Increas in the number of pods per plant

lowest pod among all combination treatments. Both types

in inoculated plants by Sankar et al. (2015) and Sultana et

of inoculations produced the greatest pod numbers when

al. (2014) have also been reported. Jaga and Sharma

plants treated with 200 kg/ha diammonium phosphate

(2015) reported that 75% of chemical fertilizers along

(table 5). Therefore, the use of 200 kg/ha diammonium

with

phosphate along with seed inoculation by Biosoy or

Rhizobium bacteria produced the greatest pods.

inoculation

by

of

urea

and

phosphate

diammonium

solubilizing

and

Biosoy+barvar-2 could produce as pod numbers as
Table 3. Mean comparisons for some growth parameters at different level of chemical and biological fertilizers
Factor A
Non-inoculation

Inoculation with Biosoy

Inoculation with Biosoy
and Barcvar2

plant

Stem dry

Pod dry

Biological

height

weigh

weight

yield

(cm)

(gr/plant)

(gr/plant)

(gr/plant)

0.43c
0.41c
0.46c
0.39c
0.71b
0.66b
0.92a
0.66b
0.76b
0.69b
0.97a

60.00c
74.25bc
79.44ab
84.35ab
81.76ab
78.25abc
96.45a
73.33bc
88.8ab
77.5bc
90.43ab

2.16d
3.27c
3.55c
4.00bc
3.67c
3.55c
4.65ab
3.38c
3.53c
3.51c
4.92a

4.13d
5.13cd
5.72cd
6.70bc
5.89cd
5.74cd
8.47ab
5.25cd
6.30c
6.34c
9.78a

6.2c
8.4b
9.27b
10.7b
9.56b
9.29b
13.13a
8.63b
9.83b
9.85b
14.71a

0.69b

72.58bc

3.45c

5.88cd

9.34b

Factor

Nodule dry weight

B

(gr/plant)

0
150
200
150+200
0
150
200
150+200
0
150
200
150+200

0, 150 and 200 are control and amount of urea and diammonium phosphate fertilizers/ ha, respectively. In all columns numbers with same letters have not
significant differences from each other at 5% based on Duncan's test.
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Table 4. ANOVA for yield and yield components at different level of chemical and biological fertilizers
MS
S.O.V

df

Pod numbers/

Grain numbers/

plant

plant

Grain yield per m2

replication

2

3.71ns

33.8*

2**

Bio-fertilizers (A)

2

17.45**

83.2**

1.7**

Chemical fertilizers (B)

3

30.99**

368**

3.27**

A× B

6

13.94**

105.5**

1.01**

Error

22

1.91

8

0.17

9.53

9.07

11.8

C.V. (%)
Ns

, * and **: Non-significant, Significant at 0.05 and 0.01, respectively

Grains per plant

inoculated plants by Biosoy and Biosoy+Barvar-2

The number of seeds per plant was affected by

produced the highest number of seeds even higher than

biological and chemical fertilizers interaction (Table 4).

the combined application of nitrogen and phosphorus

In the case of non-inoculated plants, the use of urea

fertilizers in the non-inoculated plants (Table 5). Sultana

produced

with

et al. (2014) stated that the number of seeds per plant

diammonium phosphate produced the highest number of

increased by inoculation with Rhizobium. Also, Jaga &

seeds per plant. There were no significant difference

Sharma, (2015) showed that combined use of phosphate

between inoculation with Biosoy and inoculation with

solubilizing and Rhizobium bacteria produced the highest

Biosoy+Barvar-2 at all chemical fertilizer levels.

number of seeds when plants have been received 75%

Application of 200 kg/ha diammonium phosphate to the

nitrogen and phosphorus fertilizers.

the

lowest

while

applying

urea

Table 5. Mean comparisons for yield and yield components at different level of chemical and biological fertilizers
Factor A
Non-inoculation

Inoculation with Biosoy

Grain numbers /

Pod numbers/

(kg/ ha )

plant

plant

0

118d

19.7d

9.90e

150

146cd

27.6c

11.85ed

200

159cd

30.3bc

14.8bcd

150+200

195bc

35.6b

16.45ab

0

168cd

29.1bc

14.22bcd

150

158cd

27.3c

13.31bcd

200

242ab

44.6a

18.22a

150+200

159cd

27.8c

12.53cde

Factor B

Grain yield
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Grain numbers /

Pod numbers/

(kg/ ha )

plant

plant

0

175c

30.1bc

16.00abc

150

161cd

28.6bc

14.30bcd

200

254a

46.7a

18.53a

150+200

178c

27.9c

13.76bcd

Factor A

Factor B

Inoculation with Biosoy and Barcvar2

Grain yield
-1

0, 150 and 200 are control and amount of urea and diammonium phosphate fertilizers/ha, respectively. In all columns numbers with
same letters have not significant differences from each other at 5% based on Duncan's test.

Grain yield:

(Table 5). The combined application of chemical

Interaction of chemical × biological fertilizers has

fertilizers along with phosphate solubilizing and

affected grain yield (Table 4). Grain yield production

rhizobium bacteria produced the highest grain yield (Jaga

from the different treatments; non-application of chemical

& Sharma, 2015). Phosphorus fertilizer increases fixed

fertilizer, 150 kg/ha urea, 200 kg/ha diammonium

nitrogen and grain yield in plants inoculated with

phosphate and 150 kg/ha urea+ 200 kg/ha diammonium

Rhizobium (Ayub et al, 2013) because nitrogen fixation

phosphate; were

needs a lot of phosphorus.

1180, 1460, 1590 and 1950 kg/ha of grain,

Conclusion:

respectively. Non- inoculation × 150 kg/ha urea was the
lowest

yield

among

all

treatment

Soybean inoculation with N-fixing bacteria, Biosoy

combinations.

and/or Biosoy+Barvar-2, along with the application of

Inoculated plants with Biosoy and/or Biosoy+Barvar-2

200 kg/ha diammonium phosphate improved soybean

along with applying 200 kg/ha diammonium phosphate

performance such as grain yield compare to seed

produced the highest grain yield which was more than the

inoculation along with the application of 150 kg/ha

yield of non-inoculated plants received 150 kg/ha urea +

urea+200 kg/ha diammonium phosphate which is used in

200 kg/ha diammonium phosphate. Application of 200

conventional cropping system in Moghan. Therefore,

kg/ha diammonium phosphate containing 92 kg p2o5

change in conventional cropping system not only

equivalent and 36 kg N increase nodules biomass in

improves the yield and returns to the farmers but also

inoculated plants with Biosoy and/or Biosoy+Barvar-2

eliminates the use of urea chemical fertilizer.

which made inoculated plants produced higher yield
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تحسين انتاج فول الصويا باستخدام البكتيريا المثبتة للنيتروجين مع سماد ثنائي فوسفات األمونيوم
مانوشهي جانا جارد* ،مرتضى كامراني* ،ياسر حسيني

ملخـص
للتحقق من اثر استخدام السماديين الحيويين البيوسوي والبارفار 2-عند خلطهما مع االسمدة النايتروجينية والفسفورية على
انتاجية وخصائص انتاج فول الصويا ،فان تجربة عاملية باستخدام تصميم القطاعات الكاملة العشوائية مع ثالث مكررات
قد تم اجراؤها في مزرعة ابحاث واقعة في كلية موهان للزراعة والموارد الطبيعية في عام  .2102تضمن العامل االول
ثالثة مستويات من السماد الحيوي (المرجع ،وتلقيح واحد من البيوسوي ،وتلقيح مزدوج من السماديين الحيويين البيوسوي
والبارفار )2-واما العامل الثاني فشمل أربعة مستويات من األسمدة ( 051كجم/هكتار يوريا ،و  211كجم/هكتار ثنائي
فوسفات األمونيوم 051 ،كجم /هكتار يوريا  211 +كجم/هكتار ثنائي فوسفات األمونيوم ،والمرجع) .وقد أظهرت النتائج
أن أعلى وزن جاف للجراب والساق ،وعدد الحبوب ،وعدد الجراب ،ومحصول الحبوب والمحصول البيولوجي كانت عندما
استخدمت البذور الملقحة مع البيوسوي و /أو البيوسوي والبارفار 2-مع  211كجم/هكتار من ثنائي فوسفات األمونيوم.
ولم تكن هناك اي فروق ذات داللة إحصائية بين التلقيح ب البيوسوي والتلقيح المزدوج ب البيوسوي والبارفار 2-مع جميع
مستويات األسمدة .ان اضافة  051كجم/هكتار يوريا  211 +كجم/هكتار ثنائي فوسفات األمونيوم ادى الى انخفاض أداء
فول الصويا عند التلقيح لمرة واحدة او التلقيح مرتين .أنتجت كال النوعين من التلقيح أعلى كتلة جافة من عقيدات البذور
غير الملقحة مع جميع مستويات األسمدة .لذلك ،فان تلقيح بذور فول الصويا ب البيوسوي و /أو البيوسوي والبارفار2-
مع اضافة فوسفات  211كجم/هكتار ثنائي األمونيوم يعطي أعلى إنتاج من الحبوب ويقلل استخدام سماد اليوريا.
الكلمات الدالة :ثنائي فوسفات االمونيوم ،سماد اليوريا.

*جامعة موهاغيغ اردابيلي ،ايران.
تاريخ استالم البحث  2102/5/9وتاريخ قبوله .2102/02/2
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