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ABSTRACT 

To investigate the effect of inoculation with Rhizobium legominosarum and Pseudomonas 

fluorescens on grain yield, leaf area index, and dry matter accumulation and allocation of Vicia 

faba L., an experiment was conducted as a split-plot in a randomized complete block design 

with four replications at Agricultural Research Station of Golestan Province, during the 

cropping seasons of 2015-2017. As the main-factor, Rhizobium was considered at two levels of 

with and without inoculation, while the sub-factor included Pseudomonas in density levels of 0, 

9×103, 9×105, 9×107, and 9×109 cells or CFU mL-1 of inoculants. A logistic model by SAS, was 

used in order to estimate the changes in the leaf area index and the dry matter accumulation. 

Combined analysis of variance for the two years of study indicated that the climatic conditions 

influenced the bacteria effects. In the second year (less temperature and rainfall), the traits 

(maximum leaf area index, maximum dry weight and grain yield) indicated a significant 

reduction in comparison with the first year. P. fluorescens had a significant positive effect on 

grain yield in the two years. None of the bacteria had significant effect on maximum leaf area 

index. Results of the first year showed a positive effect of the inoculation of Rhizobium on 

maximum dry weight (8%) in comparison with the control. Co-inoculation of Rhizobium with 

Peseudomonas (9×105 CFU mL-1) led to the greatest dry matter distribution coefficient for 

stems in podding stage. In the second year, Peseudomonas (9×109 CFU mL-1) increased 

maximum dry weight (23%) in comparison with the control. Also, the density increase of 

Peseudomonas under co-inoculation with Rhizobium led to a significant reduction of the day to 

maximum LAI. In conclusion, co-inoculation Rhizobium with Pseudomonas can have a positive 

effect on the growth indices of faba bean.  

Keywords: Co-inoculation, Dry matter distribution coefficients, Faba bean, Grain yield, Logistic 

model. 

INTRODUCTION 

Faba bean (Vicia faba L.) is a protein-rich 

legume that due to its high nutritional value 

is used for feed and food. Ecological 

benefits of faba bean, including the ability to 

fix atmospheric nitrogen and its positive 

effects on plant, encourage its use in crop 

rotation (Neugschwandtner et al., 2015).  

The aim of modern agriculture is to 

achieve maximum rate of growth and yield 

through genetic breeding and environmental 

reforms. Quantitative analysis of growth is a 

suitable method for plant response to various 

environmental conditions in its life cycle. 

Since crop yields are affected by many 

factors in the growing season, the growth 
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analysis is useful to explain crop yields 

differences (Sarmadnia and Kuchaki, 1995). 

Total dry matter and leaf area index are two 

important indices that are normally used to 

study plant physiology. Supply of plant 

nutrition is one of the most important 

strategies for increasing growth indices. In 

addition, use of chemical fertilizers to 

supply important nutrient elements such as 

nitrogen and phosphorus, apart from the 

increase in costs of production and 

transportation, may be followed by adverse 

environmental impacts. Application of 

organic fertilizers can prevent excessive use 

of chemical fertilizers (Hokmalipour and 

Seyedsharifi, 2014). 

In this regard, application of Plant 

Growth-Promoting Rhizobacteria (PGPR) 

for seed inoculation is the most important 

strategy for sustainable management of 

agricultural ecosystems and increasing 

production. Rhizobium and Pseudomonas 

are useful soil-inhabiting bacteria that have 

been reported to increase yield by 

inoculation of seeds with these bacteria. In 

addition to biological fixation of nitrogen 

and dissolution of soil phosphorus, bacteria 

have effects on plant growth and 

development by producing growth 

hormones, particularly auxins, gibberellins 

and cytokinins, which significantly stimulate 

crop growth (Zahir and Frankenberger, 

2004). Akhtar and Siddiqui (2008) reported 

that pea seed inoculation with Rhizobium 

significantly increased shoot dry weight and 

yield. Mahmood and Athar (2008) also 

obtained similar results on mung bean. 

Hokmalipour and Seyedsharifi (2014) 

reported that co-inoculation of barley seed 

with Azospirillum lipoferum and 

Azotobacter chroococcum resulted in a 

growth indices increase in all sampling 

stages compared to the control. Rhizobium 

inoculation in combination with PGPR such 

as KB133 led to a significant increase in 

seed yield of lentil (Biswas et al., 2012). An 

increase in yield and yield components can 

be attributed to the effective role of PGPR in 

nitrogen fixation and release in critical 

demand stages for nutrient elements, which 

increases the amount of nitrogen that can be 

consumed in sensitive stages of growth 

(Sharifi and Syiahkholaki, 2015).  

This study mainly aimed to investigate the 

effect of the combined application of two 

bacteria in different populations, Rhizobium 

leguminosarum and Peseudomonas 

fluorescens, on the grain yield, leaf area 

index, dry matter accumulation and 

allocation trends of faba bean in two years. 

MATERIALS AND METHODS 

The experiment was carried out in two 

years (2015 2017) at a farm located at the 

Agricultural Research Station of Golestan 

Province (N 36° 54´, E 40° 25´, and 400 

MSL) with 400 to 450 mm average annual 

rainfall. Soil samples of the field were 

randomly analyzed before starting the 

experiment (Table 1). The present study was 

performed as split-plot in Randomized 

Complete Block Design (RCBD) with four 

replications. Rhizobium leguminosarum bv. 

viciae, F40 strain in two levels (non-

inoculation and inoculation with 10
8
 bacteria 

per mL) was in the main-plots, and 

Pseudomonas fluorescens r187 strain in five 

density levels (0, 9×10
3
, 9×10

5
, 9×10

7
 and 

9×10
9 

cell or CFU mL
-1

) were in the sub-

plots (Table 2). Bacteria was taken from Soil 

and Water Research Institute, Karaj, Iran. 

The field was cultivated by wheat in 

previous year, and all field preparation 

operations including plowing, disking, 

levelling, and uniform fertilizing by nitrogen 

(30 kg ha
-1

 as starter) were applied in the 

same way to all the plots. Each plot had six 

cultivation rows with four meters length (75 

cm between the rows and plants spacing of 

15 cm on the row) that led to a density of 

approximately 15 plants per square meter. 

The main-plots were separated by two 

meters distance from each other. Cultivation 

dates were November 9 for the first year and 

November 30 for the second year due to 

adverse climate conditions. An hour before 

planting Vicia faba L.cv. Barkat, seeds were 

inoculated with inoculant (10 mL of 
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Table 1. Some physical and chemical properties of the soil in the experimental field. 

Year Depth 

(cm) 

EC (dS m
-1

) pH O.C 

(%) 

N (%) K       

(mg kg
-1

) 

P       

(mg kg
-1

) 

%Clay %Silt %Sand Soil 

texture 

2015-16 0-30 1.1 7.4 1.5 0.15 362 9/0 16 60 24 Silt-loam 

2016-17 0-30 1.0 7.7 1.4 0.14 333 11/4 20 66 14 Silt-loam 

 

Table 2. Some properties of the bacteria used in the experiment (Soil and Water Research Institute, Karaj, Iran). 

Bacteria Acc-

deaminase 

production 

Phosphorus 

solubilizing activity 

IAA production 

(mg L
-1

) 

Siderophore production 

halo diameter/Colony 

diameter 

P. fluorescens 

r187 

+ + 5.8 0.5 

 

 
inoculant kg

-1
 seeds), and cultivated at a 

depth of five cm after shade drying early in 

the morning. The maintenance operation 

consisted of weeding, pests and diseases 

control was performed similar to other farms 

in the region. Irrigation was not performed 

due to sufficient rainfall and its suitable 

distribution during the growing season. 

The attributes include phonological stages: 

number of days to early flowering (R1), 

days to early podding (R3), days to grain 

formation (R5), days to physiological 

maturity (R7), and days to full maturity 

(R8). These were measured based on the 

Fehr and Caviness (1977). To measure leaf 

area index and dry weight, sampling was 

performed at seven times (Fourth-fifth 

trifoliolate emerging, branching, flowering, 

pod setting, grain forming, physiological 

maturity, and full maturity). Leaf, stem, and 

grain (pod+grain) separations of plants were 

dried at 70°C for 48 hours and weighed 

(with an accuracy of 0.01 grams). At each 

stage, five faba bean plants were used for 

leaf area index measurement using the 

Delta-T-DEVICES LTD model leaf scaling 

device, and then were extended to the 

predicted area. Grain yields per unit area 

were also measured. 

 In the present study, different nonlinear 

regression models were fitted to the data to 

analyze the accumulation of dry matter and 

leaf area index in relation to the time, and 

then logistic model was used because of 

better fitting to the data (Ghadirian et al., 

2011). The logistic model (Equation 1) was 

used. 

   
            

(          )
     (1)  

Where, y describes the trend of leaf area 

index changes during the plant growth 

period (x), a is constant coefficient and 

indicates the curve rotation rate, b is the time 

after planting when the maximum leaf area 

index occurs, and c is a constant coefficient. 

After fitting the model, the maximum leaf 

area index was determined by numerical 

method (Ghadirian et al., 2011).  

Equation (2  ( was used to describe the trend 

of dry matter changes (W) in relation to time 

after the planting (x) where, Wmax is the 

maximum amount of dry matter 

accumulation, k coefficient is the dry matter 

growth rate, and tm is the time that crop 

growth rate is maximum, at which time the 

amount of dry material has reached half of 

its maximum value (Ghadirian et al., 2011).  

   
    

               (2)  

The harvest index was calculated from 

Equation (3) (Jafarnodeh et al., 2017). HI = 

(GY / BY)×100     (3)  

Where, HI is Harvest Index, GY is the 

Grain Yield (g m
-2

), BY is Biomass Yield 

(dry weight of the entire plant including leaf, 

stem, pod, and grain, g m
-2

). 

Combined ANOVA was used for data 

analysis in the two years. ANOVA, 

comparison of means, and model fitting 

were performed by using SAS software and 
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Table 3. Meteorological information at the experimental site in the two growing seasons of faba bean. 

Month 

2015-2016 2016-2017  

Temp (C˚) RH Rainfall 

(mm) 

Temp (C˚) RH Rainfall 

(mm) Min Max Mean Min Max Mean 

November 

December 

-1.1 

0.1 

22.6 

28.5 

9.6 

10.1 

81 

78 

41.0 

45.3 

-5.4 

-2.4 

25.7 

21.8 

7.4 

8.0 

77 

74 

26.2 

2.5 

January -1.8 24.5 7.9 81 76.5 -3.0 19.5 6.2 79 79.5 

February 0.3 26.3 11.5 87 53.3 -4.2 26.2 10.6 76 18.5 

March 3.0 28.8 14.6 79 76.6 1.7 29.6 14.1 80 40.2 

April 6.4 37.2 20.9 78 36.5 9.8 38.9 20.3 76 37.1 

May 14.1 37.9 25.0 66 62.6 12.4 38.2 25.1 60 2.2 

Average 3.0 29.4 13.8 78.6 56.2 1.3 28.6 13.1 74.6 29.5 

Table 4. Combined ANOVA for the coefficient of the logistic model for the leaf area index and dry matter 

accumulation of faba bean in the two study years.
 a
 

 MS 
df SOV 

HI Grain yield k tm Wmax b LAImax 

4336.26
**

 1162760.21
**

 0.10
**

 541.84
**

 3446782.88
**

 321.60
**

 107.44
**

 1 Year 

15.36
 ns

 116980.13
**

 0.002
 ns

 103.66
 **

 77821.37
 ns

 55.58 
*
 0.78

ns
 6 Block 

0.38
 ns

 23658.60
**

 0.003
 ns

 354.48
 **

 66453.15
 ns

 463.68 
**

 0.82
 ns

 1 Rhizobium (R) 

0.83
 ns

 53864.41
**

 0.009
**

 242.90
**

 165592.70
 ns

 143.11 
*
 0.52 

ns
 1 Year×R 

13.35 7081.92
 ns

 0.003 128.41 17493.23 28.47 0.76 6 R×Block 

9.19
 ns

 20935.16
**

 0.005
**

 209.74
 **

 248638.17
**

 73.00 
*
 0.63 

ns
 4 Pseudomonas (P) 

         

27.27
 ns

 813.44
 ns

 0.0003
 ns

 66.23 
ns

 8037.02
 ns

 46.40
ns

 0.96
 *
 4 R×P 

35.61
*
 2989.07

 ns
 0.001

 ns
 151.68

 **
 45940.18

 ns
 49.57 

ns
 0.20

 ns
 4 Year×P 

16.42
 ns

 4014.98
 ns

 0.002
 ns

 70.07
 ns

 43698.28
 ns

 48.79 
ns

 0.06
 ns

 4 Year×R×P 

13.64 3245.69 0.001 27.58 56351.11 21.35 0.36 48 Error 

7.13 8.98 19.79 3.58 13.64 2.94 12.39  CV 

a
 LAImax: Maximum Leaf Area Index (was obtained by numerical solution); b: The time to the maximum leaf 

area index (day); Wmax: Maximum dry matter accumulation per unit area (g m
-2

); tm: Time to maximum growth 

rate; GY: Grain Yield and, HI: Harvest Index; 
ns

, *, and **: Are not significant, significant at 5 and 1% levels of 

probability, respectively. 

 

PROC NLIN procedure for parameter 

estimating of each model by iterative 

optimization method (Soltani, 2007). The 

means were compared by LSD method and 

graphs were drawn in Excel software.

RESULTS AND DISCUSSION 

Effect of Year on the Measured Traits 

Combined ANOVA showed that the year 

had a significant effect (P≤ 0.01) on Grain 

Yield (GY), maximum LAI, the maximum 

dry weight and harvest index of faba bean 

(Table 4). In the second year, GY, LAImax 

and Wmax decreased significantly compared 

to the first year (Table 5, Figures 1, 2). 

According to the meteorological data (Table 

3), the weather conditions were different in 

the two growing seasons in the location of 

the experiment. Air temperature and rainfall 

conditions in the second year (2016) delayed 

the planting. The growth season of faba bean 

was 199 days in the first year (9 November-

28 May) and 187 days in the second year (30 

November-6 June). During the growth 

period, the time interval between planting to 

emergence, the beginning of flowering, the 

beginning of the podding, the beginning of 

seed forming, the physiological ripening and 

the full ripening were recorded as 22, 112, 

152, 162, 178, and 200 days in the first year 

and 40, 100, 140, 147, 167, and 187 days in  
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Table 5. Means comparison for the effect of year on the coefficient of the logistic model. 

HI Grain yield (g m
-2

) k tm Wmax b LAImax Year 

44.39
 b
 754.90

 a
 0.12

 b
 144.14

 b
 1947.26

a
 159.34

 a
 6.05

 a
 (2015-2016) 

59.12
 a
 513.78

 b
 0.19

 a
 149.35

  a
 1532.12

b
 155.33

  b
 3.73

 b
 (2016-2017) 

 

 

Figure 1. The trend of faba bean leaf area index changes during two years in different treatments (Application 

of Pseudomonas rates: 0, 9×10
3
, 9×10

5
, 9×10

7
, 9×10

9 
CFU mL

-1
) in two conditions: - and + Rhizobium. 

  

  

Figure 2. The trend of faba bean dry matter accumulation changes during the two years in different treatments 

(Application of Pseudomonas rates: 0, 9×10
3
, 9×10

5
, 9×10

7
, 9×10

9 
CFU mL

-1
) under the two conditions: - and + 

Rhizobium. y= Wmax/{1+EXP[-k*(x- tm)] }. 
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the second year, respectively. 

Hassanzadeh et al. (2013) reported that low 

temperature at the beginning of growth 

season prolongs the greening period of faba 

bean grain, on the other hand, with higher 

temperatures at the end of the growing 

season, the time required for different stages 

of phenology is reduced. Also, reduction in 

the number of days to ripening in delayed 

planting may be due to high temperature, 

which forces the plant to complete its life 

cycle faster and thus strongly reduces yield 

and yield components. According to the 

previous studies, weather conditions also 

affect the efficacy of bacteria in addition to 

the effect on the plant growth. Mahdavi et al. 

(2010) observed that low temperature of the 

root zone in the first stage reduced the 

nodule formation and nitrogen fixation of 

grass pea cultivars.  

Zainali et al. (2012) stated that leaf 

production period in delayed cultivation was 

shortened, thus the LAI was reduced, similar 

to our results. Delay in planting (second 

year) reduced dry matter accumulation per 

unit area (Khalil et al., 2010). In the second 

year, the duration of vegetative and 

reproductive growth period decreased, but 

the reproductive period duration was less 

affected, so, more grains were produced per 

plant, which increased the HI (Nakhzari 

Moghaddam et al., 2014) 

Effect of Bacteria on the Measured 

Traits 

Grain Yield: The results of ANOVA in the 

two years showed that P. fluorescens had 

significant effect (P≤ 0.05) on grain yield 

(Table 6). Means comparison (Table 8) 

showed that the highest amount of grain 

yield was obtained when 9×10
9
 CFU mL

-1
 of 

P. fluorescens were applied. Salehi and 

Aminpanah (2015) reported that pea plants 

seeds inoculated with Pseudomonas spp. 

produced higher grain yield than the un-

inoculated ones, indicating a positive effect 

of phosphorus on flower formation and fruit 

set. 

LAI Changes Trend: In order to perform 

ANOVA and mean comparison, the 

parameters of the logistic model and LAImax 

were calculated separately for each block 

(Tables 6 and 7). The results of ANOVA in 

the first year showed that none of the 

bacteria had significant effect on maximum 

LAI, but both Rhizobium and Pseudomonas 

bacteria had significant effect (P≤ 0.05) on 

days to the LAImax (Table 6). Rhizobium, 

especially in combination with 9×10
5
 and 

9×10
9
 P. fluorescens bacteria per mL, 

increased the time to the LAImax (169.87 and 

164.87 days after planting), compared to the 

control (156.85 days) (Table 7). It seems 

that under favorable climatic conditions of 

the first year (earlier planting), Rhizobium 

and Pseudomonas inoculation increased the 

time to LAImax until seed forming stage. 

Possibly, hormones secretion by bacteria, 

especially auxin, and continuous nitrogen 

fixation and its absorption by the plant 

provide favorable conditions for increasing 

leaf area during reproductive period. As a 

result, absorption of sun radiation and, 

consequently, photosynthesis did not 

decrease during reproductive period, and, 

finally, more dry matter and yield were 

produced (Gan et al., 2011). Stewart et al. 

(2003) also stated that if the leaf area is 

maintained until the beginning of the grain 

formation, it would have a positive 

correlation with grain yield. 

In the second year, similar to the first year, 

the results showed that the application of 

bacteria did not have a significant effect on 

the LAImax, but the days to the LAImax (b) 

was influenced by the interaction of these 

two bacteria (P≤ 0.05) (Table 6). Rhizobium 

bacterium significantly increased the time to 

reach the LAImax (161 days) compared to the 

control (152.90), but its combined 

application with P. fluorescens significantly 

(P≤ 0.05) reduced its effect (Table 7). Due 

to the delayed cultivation in the second year 

and the limitation of vegetative growth, it 

seems that P. fluorescens (≤ 9×10
5
 CFU mL

-1
), 

with a decrease in the days to reach the 

LAImax, caused faster production of plant 

canopy and reaching the desired leaf area in  
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Table 8. The coefficient of the logistic model to describe the accumulation of dry matter due to the effect of 

Rhizobium and Pseudomonas.
a
 

Treatment  
Wmax tm GY 

(2016) (2017) (2016) (2017) (2016) (2017) 

 

Rhizobium 
- Inoculation 1872.94

b
 1548.80

a
 140.30

 a
 148.99

a
 711.75

a
 522.53

 a
 

+ Inoculation
 

2021.58
 a 

1515.45
a
 147.99

 a
 149.71

a
 798.04

 a
 505.03

 a
 

Pseudomonas 

0 

10
3
 

10
5
 

10
7
 

10
9
 

1884.5
 a
 1404.55

c
 141.01

b
 148.72

b
 740.80

 bc
 488.11

 bc
 

1840.2
 a 

2006.0
 a 

1908.9
 a 

2096.8
a
 

1333.90
c
 

1734.73
a
 

1579.30
b
 

1608.13
ab

 

136.82
b 

143.71
b 

144.34
b 

154.85
a
 

148.39
 b
 

150.27
a
 

149.47
ab

 

149.90
a
 

690.78
 c
  

784.99
 a
 

744.15
 ab

 

813.77
 a
 

479.72
 c
 

526.30
 ab

 

531.24
 ab

 

543.53
 a
 

a 
Wmax: Waximum dry matter accumulation per unit area (g m-2), tm: Time to maximum growth rate, GY: Grain 

Yield. a-c For each bacteria, means followed by the same letter are not significantly different (P< 0.05). 

 
less days. Karimi and Siddique (1991) 

stated that if the LAI reaches the desired 

level in less days, the maximum seed yield 

would be obtained, similar to our results. 

Trend of Accumulative Dry Weight 

Change: Analysis of logistic parameters in 

the first year showed a significant difference 

(P≤ 0.05) between application and non-

application of Rhizobium on the maximum 

of accumulative dry weight (Table 6). The 

results showed that the population of P. 

fluorescens had a significant effect (P≤ 0.01) 

on the tm (time to maximum crop growth 

rate) (Table 6). Inoculation with Rhizobium 

increased the Wmax by 8%, from 1,872.94 

(non-inoculation) to 2,021.58 (inoculation) g 

m
-2

 (Table 8). Farnia et al. (2008) reported a 

positive correlation between nitrogen 

fixation and amount of dry matter produced 

by the soybean plant. According to the 

models, the highest amount of accumulative 

dry matter was obtained when Rhizobium 

and Pseudomonas (9×10
5
, 9×10

9
 CFU mL

-1
) 

were applied.  

 The second year results showed that P. 

fluorescens population had significant effect 

(P≤ 0.01) on dry matter accumulation (Table 

6). Population of 9×10
5
 (bacteria per mL) 

and higher of Pseudomonas inoculum 

increased the Wmax by 23% (1,734.73 g m
-2

) 

compared to the control (Table 8). Yadegari 

et al. (2009) stated that Pseudomonads 

inoculation of red bean seeds increased the 

weight of dry matter, which is consistent 

with our results.  

Distribution of Dry Matter Trend and Its 

Allocation Coefficients between Organs: 

The distribution of dry matter during the 

growing season for different plant organs 

including leaves, stems, and grain+pod has a 

sigmoid trend (Figure 3). In the first year, 

co-inoculation of Rhizobium and 

Pseudomonas bacteria in two populations, 

i.e. 9×10
5
 and 9×10

9
 CFU mL

-1
, resulted in 

prolonged dry matter accumulation in the 

leaf and the stem, which continued until the 

physiological maturity of the plant (Figure 

3), so, the plant had a good vegetative 

growth. Due to the prolongation of the 

accumulation process, the plant seems to 

benefit from the current photosynthesis for 

seed filling more than remobilization. 

Kheirizadeh Arogh et al. (2015) stated that 

the application of PGPRs improves the 

current photosynthesis of triticale by 

modulating the environmental stresses 

effect, which is consistent with our results. 

Tiwari et al. (2015) showed the role of P. 

putida in ameliorating drought stress on 

chickpea by modulating differential 

expression of genes involved in stress 

response, ethylene biosynthesis, salicylic 

acid and jasmonate signaling in chickpea.  

The results of dry matter allocation 

coefficient from emergence to podding stage 

in bean showed that dry matter accumulation 

in leaf and stem increases linearly (Puri et 

al., 2013). The linear regression analysis of 

the treatments in the first year showed that 

the dry matter distribution coefficient varied 

from 0.18 to 0.25 for leaf and 0.75 to 0.82  
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Figure 3. The trend of dry matter accumulation in the leaf, stem, and grain+pod of faba bean during the two 

study seasons (2015-2017). 

 

for stem (Table 9). The co-inoculation of 

Rhizobium and Pseudomonas with the 

population of 9×10
5
 CFU mL

-1
 had the 

highest stem allocation coefficient in the 

podding stage (Supplementary Table1). It 

can be concluded that this treatment induced 

a good vegetative growth before the 

reproductive stage. 

In the second year, Pseudomonas 

fluorescens in 9×10
5
 CFU mL

-1
 and more 

populations increased the accumulation of 

dry matter in organs, especially stem and 

grain (grain+pod) (Figure 3). Linear models 

fitted to the coefficients of dry matter 

allocation showed that the dry matter 

distribution coefficient varied from 0.34 to 

0.37 for leaf and from 0.63 to 0.66 for stem 

(Table 9). Application of Pseudomonas 

alone caused an increase in dry matter 

distribution coefficient for stem compared to 

the rest of treatments. Pseudomonas 

fluorescens is a living microorganism with 

the ability to dissolve insoluble phosphates 

into soluble forms in soil (Maliha et al., 

2004). Increasing the amount of phosphorus 

caused the increase in height and dry weight 

of lentil plant (Singh and Singh, 2016). 

During vegetative growth, photosynthetic 

excess materials are mostly accumulated in 

the stem (Dordas and Sioulas, 2009). 
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Supplementary Table 1. Dry matter allocation coefficients of leaf and stem from emergence to podding stage of 

faba bean in different treatments.  
 

Year Organ 

-Rhizobium + Rhizobium 

 Pseudomonas   Pseudomonas  

0 9×10
3
 9×10

5
 9×10

7
 9×10

9
 0 9×10

3
 9×10

5
 9×10

7
 9×10

9
 

2015-

2016 

Leaf 0.21 0.23 0.25 0.24 0.23 0.24 0.26 0.18 0.25 0.24 

Stem 0.79 0.77 0.75 0.76 0.77 0.76 0.74 0.82 0.75 0.76 

2016-

2017 

Leaf 0.34 0.33 0.35 0.36 0.34 0.37 0.36 0.36 0.37 0.37 

Stem 0.66 0.67 0.65 0.64 0.66 0.63 0.64 0.64 0.63 0.63 

 

Pseudomonas bacterium seems to increase 

the accumulation of grain yield by 

increasing the allocation of dry matter to the 

stem (Figure 3).  

CONCLUSIONS 

Our results in the first year showed that 

Rhizobium and Pseudomonas bacteria 

prolonged the period of vegetative growth 

by increasing the number of days to reach 

LAImax, thus providing the higher ability of 

photosynthesis to increase yield. In the 

second year, however, when the conditions 

of growth were undesirable, it seems that 

Pseudomonas bacterium improved the 

conditions and increased accumulation of 

dry matter and grain yield. Pseudomonas 

bacterium seems to be more effective than 

Rhizobium bacterium under the stress 

conditions (second year). Regardless of the 

effect of Rhizobium and Pseudomonas 

bacteria on growth indices, the statistical 

results of this research showed that during 

the two study years, different climatic 

conditions affected the efficiency level and 

the effects of bacterium. PGPRs seem to be 

using different strategies depending on 

different environmental conditions, 

therefore, further widespread investigations 

are needed.  

REFERENCES 

1. Akhtar, S. and Siddiqui, Z. 2008. Biocontrol 

of a Root-Rot Disease Complex of Chickpea 

by Glomus intarradics Rhizobium sp. and 

Pseudomonas straita. JCP, 27(3- 5): 410-

417. 

2. Biswas, P. K., Bhowmick, M. K., Malik, G. 

C., Banerjee, M., Ghosh, G. K. and Mitra, S. 

R. 2012. Synergistic Effect of Rhizobium 

Inoculation with Co-Inoculants on Growth 

and Yield of Lentil (Lens culinaris Medikus). 

Int. J. Bio-Resour. Stress Manag., 3(1): 44-

47. 

3. Castro Coelho, J. and Pedro, A. P. 1989. 

Plant Density Effects on the Growth and 

Development of Winter Faba Bean (Viciafaba 

L. Var. Minor). FABIS-Newsletter, 25: 26-31.

4. Dordas, C. A. and Sioulas, C. 2009. Dry 

Matter and Nitrogen Accumulation, 

Partitioning, and Retranslocation in Safflower 

(Carthamus tinctorius L.) as Affected by 

Nitrogen Fertilization. Field Crop Res., 110: 

35-43. 

5. Farnia, A., Noormohamadi, G. and Naderi, A. 

2008. Effects of Drought Stress on Noduling 

and Nitrogen Fixation of Rhizobium 

japonicum Bacteria Strains of Soybean. New 

Finding in Agriculture, 2(2): 135- 149. (in 

Persian) 

6. Fehr, W. R. and Caviness, C. E. 1977. Stage 

of Soybean Development: Special Report.

Cooperative Extension Service, Iowa State 

University, Ames, Iowa, 80 PP. 

7. Gan, Y., Malhi, S. S., Brandt, S., Katepa-

Mupondwa, F. and Stevenson C. 2011. 

Nitrogen Use Efficiency and Nitrogen Uptake 

of Jancea Canola under Diverse 

Environments. Agron. J., 100: 285-295. 

8. Ghadirian, R., Soltani, A., Zeinali, E., Kalate, 

A. and Bakhshandeh, E. 2011. Evaluation of 

Non-Linear Regression Models for Growth 

Analysis. EJCP, 4(3): 55-77. (in Persian) 

9. Hassanzadeh, A. Kh., Rahemi Karizaki, A., 

Nakhzari Moghadam, A. and Biabani, A. 

2013. The Combined Effect of Terminal Heat 

the End of Growth Season and Competition 

between Plants on Phenology, Yield and 

Yield Components in Faba Bean. EJCP, 6(4): 

151-163. (in Persian)

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
21

.2
3.

4.
4.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
5-

31
 ]

 

                            10 / 12

https://dorl.net/dor/20.1001.1.16807073.2021.23.4.4.3
https://jast.modares.ac.ir/article-23-36073-en.html


Growth Trend in Faba Bean Affected by Bacteria _________________________________  

913 

10. Hokmalipour, S. and Seyedsharifi, R. 2014. 

Effect of Seed Inoculation with Plant Growth 

Promoting Rhizobacteria (PGPR) Affected by 

Different Levels of Nitrogen and Phosphorus 

Fertilizers on the Yield and Some 

Physiological Parameters of Barley 

(Hordeum vulgar L.). Field Crop Res., 12(4): 

822- 833. (in Persian) 

11. Jafarnodeh, S., Zeinali, E., Soltani, A., and 

Sheikh, F. 2017. The Effect of Seed Size and 

Seeding Date on Phenological, 

Morphological and Agronomic 

Characteristics of Faba Bean under Rainfed 

Conditions in Gorgan. J. Crop Improv., 

19(1): 87- 103. (in Persian) 

12. Karimi, M. M., and Siddique, H. M. 1991. 

Crop Growth and Relative Growth in Old and 

Modern Wheat Cultivars. Aust. J. Agric. Res., 

42: 13-20. 

13. Khalil, Sh. K., Wahab, A., Rehman, A., 

Muhammad, F., Wahab, S., Khan, A. Z., 

Zubair, M., Shah, M. K., Khalil, I. H. and 

Amir, R. 2010. Density and Planting Date 

Influence Phonological Development 

Assimilate Partitioning and Dry Matter 

Production of Faba Bean. Pak. J. Bot., 46: 

3831- 3838. 

14. Kheirizadeh Arogh, E., Sharifi, R., Sedghi, 

M. and Barmaki, M. 2015. Effects of 

Biofertilizers and Nano Zinc Oxide on 

Remobilization and Some Growth Indices of 

Triticale under Water Limitation Conditions. 

CPJ, 7(26): 37-55. (in Persian) 

15. Khosravi, H. 2015. Evaluation of Some 

Physiological Characteristics of Rhizobium 

leguminosarum bv. Viciae Native to Soils of 

Iran. JCMR, 28(4): 513- 523. (in Persian) 

16. Mahdavi, B., Modarres Sanavy, A. M. and 

Aghaalikhani, M. 2010. Different Strain and 

Root-Zone Temperatures on Morphological 

Traits and Nitrogen Fixation on Three Grass-

Pea Varieties (Lathyrus sativus). J. Biol Sci., 

22(4): 671-681. (in Persian) 

17. Mahmood, A. and Athar, M. 2008. Cross 

Inoculation Studies: Response of Vigna 

mungo to Inoculation with Rhizobia from 

Tree Legumes Growing under Arid 

Environment. Int. J. Environ. Sci Te., 5(1): 

135-139.  

18. Maliha, R., Samina, K., Najma, A., Sadia, A. 

and Farooq, L. 2004. Organic Acids 

Production and Phosphate Solubilization by 

Phosphate Solubilizing Microorganisms 

under in Vitro Conditions. Pak. J. Biol. Sci., 

7: 187-196. 

19. Nakhzari Moghaddam, A., Rahemi Karizaki, 

A. and Kaboli, E. 2014. The Effects of 

Planting Date and Seed Size on Phenology, 

Yield and Yield Components of Green Broad 

Bean (Vicia faba L.). EJCP, 7(3): 217-229. 

(in Persian) 

20. Neugschwandtner, R. W., Ziegler, K. V., 

Kriegner, S., Wagentristl, H. and Kaul, H. P. 

2015. Nitrogen Yield and Nitrogen Fixation 

of Winter Faba Beans. Acta Agric. Scand. B., 

65(7): 658-666. 

21. Puri, K., Zeinali, E. and Golchin, E. 2013. 

Effect of Distance between the Rows of Dry

Matter Accumulation and Distribution of 

Vicia faba. Field Crop Res., 11: 524-531.

22. Salehi, B. and Aminpanah, H. 2015. Effects 

of Phosphorus Fertilizer Rate and 

Pseudomonas fluorescens Strain on Field Pea 

(Pisum sativum subsp. arvense (L.) Asch.) 

Growth and Yield. Acta agri. Slov., 105(2): 

213–224.  

23. Sarmadnia, G. R. and Kuchaki, A. 1995. 

Agricultural Plants Physiology Fourth 

Edition. Jahad Daneshgahi of Mashhad Press, 

Mashhad, Iran, 389 PP. (in Persian) 

24. Sharifi, R. and Syiahkholaki, M. S. 2015. 

Effects of Biofertilizers on Growth Indices 

and Contribution of Dry Matter 

Remobilization in Wheat Grain Yield. J. 

Plant Res., 28(2): 326-343. (in Persian) 

25. Singh, N., and Singh, G. 2016. Response of 

Lentil (Lens culinaris Medikus) to 

Phosphorus: A Review. Agri. Rev., 37(1): 27-

34.

26. Soltani, A. 2007. Application of SAS in 

Statistical Analysis. JMD Press, Mashhad,

Iran, 182 PP. (in Persian) 

27. Stewart, D. W., Costa, C., Dwyer, L. M., 

Smith, R. I., Hamilton, D. L., and Ma, B. L. 

2003. Canopy Structure, Light Interception 

and Photosynthesis in Maize. Agron. J., 95: 

1465-1474. 

28. Tiwari, S., Lata, C., Chauhan, P. S. and 

Nautiyal, C. S. 2015. Pseudomonas putida 

Attunes Morphophysiological, Biochemical 

and Molecular Responses in Cicer arietinum 

L. during Drought Stress and Recovery. Plant 

Physiol. Biochem., 99: 108- 117. 

29. Yadegari, M., Noormohammadi, G. and 

Asadi Rahmani, H. 2009. Evaluation of 

Growth Indices in Red Bean, Phaseolus 

vulgaris Inoculated with Rhizobium 

leguminosarum bv Phaseoli and Plant Growth 

Promoting Rhizobacteria (PGPR). 

AEJ, 5(15): 153-163. (in Persian) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
21

.2
3.

4.
4.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
5-

31
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.16807073.2021.23.4.4.3
https://jast.modares.ac.ir/article-23-36073-en.html


  ___________________________________________________________________ Vahdatpour et al. 

914 

30. Zahir, A., Arshad, M. and Frankenberger, W. 

F. 2004. Plant Growth Promoting 

Rhizobacteria. Application and Perspectives 

in Agriculture. Adv. Agron., 81: 97-168. 

31. Zainali, A., Soltani, A., Torani, M., and 

Khadempir, M. 2012. Allometric 

Relationship between Leaf Area and Growth 

Characteristics of the Bean. J. Plant Prod., 4: 

32-54. (in Persian). 

 Vicia fabaروند تغییرات شاخص سطح برگ، تجوع و تسهین هاده خشک در باقلا )

L.ریزوبیوم و سودوهوناس ( در اثر تلقیح 

 شیخ .فو  کاهکار، .هوتی، ب .آرویی، خ .پور، حوحدت .ف

 چکیده

ریسٍبیَم لگَهیٌَسارٍم ٍ سَدٍهًَاس فلَرسٌس بر شاخص  بِ هٌظَر بررسی تأثیر کاربرد باکتری

 4959-59ٍ  4951-59سطح برگ، رًٍذ تجوع ٍ تسْین هادُ خشک باقلا، آزهایشی در دٍ سال زراعی 

ایستگاُ تحقیقات کشاٍرزی استاى گلستاى، بِ صَرت اسپیلت پلات در قالب طرح پایِ  یدر هسرعِ

عٌَاى عاهل اصلی در دٍ سطح باکتری ریسٍبیَم بِ اًجام شذ. ّای کاهل تصادفی با چْار تکراربلَک

 5×415، 5×417، 5×419، 5×419صفر، ) تراکن)عذم تلقیح ٍ تلقیح( ٍ باکتری سَدٍهًَاس در پٌج سطح 

هٌظَر بررسی رًٍذ بِعٌَاى عاهل فرعی در ًظر گرفتِ شذ. هتر هایِ تلقیح( بِباکتری زًذُ در ّر هیلی

ًتایج تجسیِ هرکب برگ ٍ تجوع هادُ خشک از هذل لجستیک استفادُ گردیذ.  تغییرات شاخص سطح

. در سال دٍم صفات )حذاکثر ّا، هتأثر از شرایط اقلیوی دٍ سال استدٍ سال ًشاى داد کِ اثر باکتری

داری ًسبت بِ سال اٍل ًشاى ( کاّش هعٌیحذاکثر هادُ خشک ٍ عولکرد داًِشاخص سطح برگ، 

داری بر عولکرد داًِ در دٍ سال داشت. ( اثر هثبت هعٌیCFU/ml415×5 سَدٍهًَاس )دادًذ. باکتری 

سال اٍل، اثر  ًتایجداری بر حذاکثر شاخص سطح برگ ًشاى ًذاشتٌذ. ّا اثر هعٌیّیچ یک از باکتری

ا هثبت تلقیح ریسٍبیَم را بر حذاکثر هادُ خشک )ّشت درصذ( ًسبت بِ شاّذ ًشاى داد ٍ تلقیح دٍگاًِ ب

( باعث افسایش ضریب تخصیص هادُ خشک بِ ساقِ در هرحلِ CFU/ml419×5 سَدٍهًَاس )

درصذی  39( هٌجر بِ افسایش CFU/ml419×5 دّی گردیذ. در سال دٍم، سَدٍهًَاس )غلاف

حذاکثر ٍزى خشک، ًسبت بِ شاّذ شذ. ّوچٌیي در شرایط تلقیح دٍگاًِ، افسایش تعذاد باکتری 

دار در تعذاد رٍز تا رسیذى بِ حذاکثر شاخص برگ را سبب گردیذ. بطَر سَدٍهًَاس، کاّش هعٌی

ّای رشذ باقلا تَاًذ اثر هثبتی بر شاخصکلی ًتایج ًشاى داد کِ تلقیح ریسٍبیَم با سَدٍهًَاس هی

 .باشذداشتِ
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