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ABSTRACT

A field experiment was conducted for two consecutive seasons to examine the effect of inoculation

by different Rhizobium and phosphate solubilizing bacteria strains and their interaction on symbiotic

properties and yield of faba bean, and to compare between the effects of chemical fertilizers and

biofertilizers. Both Rhizobium  and phosphate solubilizing bacteria significantly increased yield and

symbiotic properties (nodulation, nodules and shoots dry weight, and plant nitrogen and phosphorus

content) of faba bean plants. A synergetic effect was observed when the two types of microorganisms

were combined. Comparable increments in yield were obtained resulting from either microbial fertilizers

(nitrogen fixing and/or phosphate solubilizing bacteria) or chemical fertilizers (nitrogen and phosphorus

fertilizers).

Key words: Rhizobium, Bacillus, Vicia faba, nitrogen fixation, phosphorus solubilizing bacteria.

Introduction

Faba bean (Vicia faba L.) is one of the

most important grain legumes cultivated in the

S u d a n .  I t  i s  m a in ly  g ro w n  fo r  hu m a n

consumption and constitutes the main dish in two

daily meals. Most of the production in Sudan is

concentrated in the Northern and River Nile

states [7].

The most limiting nutrients for plant growth

and production are nitrogen and phosphorus. In

the last few decades the use of nitrogen fertilizer

has increased almost ninefold and phosphorus

more than fourfold [13]. The increase in use of

chemical fertilizers has created environmental

problems such as deterioration of soil quality,

surface and ground water as well as air

pollution, reduced biodiversity and suppressed

ecosystem function [13]. The use of biofertilizers

is gaining attention to substitute, and supplement

these chemical fertilizers. Biofertilizers include

mainly the nitrogen fixing, phosphate solubilizing

and plant growth–promoting microorganisms.

Rhizobium-legume symbioses are the primary

source of fixed nitrogen in land based systems,

and can provide well over half of the biological

source of fixed nitrogen. Inoculation of faba bean

with local or introduced cultures of Rhizobium

leguminosarum  bv. Viceae was found to improve

nodulation, plant growth and grain yield in

Central Sudan [2]. The use of phosphate

solubilizing bacteria as inoculants simultaneously

increases P uptake by the plant and crop yield.

Strains from the genera Pseudomonas and Bacillus

are  a m o ng the  most powerful pho sp ha te

solubilizers [10]. The effect of a combined
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i n o c u l a t i o n  o f  R h i z o b iu m  a n d  B a c i l l u s

megatherium  var. phosphaticum strains increased

germination, nutrient uptake, plant height, number

of branches, nodulation, yield and total biomass

of chickpea compared to  either individual

i n o c u l a t i o n s  o r  u n in o c u l a t e d  c o n t r o l .[ 1 1 ]

Pseudomonas fluorescens increased nodulation and

nitrogenase activity of Bradyrhizobium japonicum

in soybean culture system [4].

The objectives of this study were to examine

the effect of inoculation by different Rhizobium

and phosphate solubilizing bacteria (PSB) strains

and their interaction on symbiotic properties and

yield of faba bean, and to compare between the

effects of chemical fertilizers and biofertilizers.

Materials and methods

A field experiment was conducted at

EL–Hudeiba Research Station farm (latitude

17°33'N, longitude 33°56'E) in the River Nile

state in north Sudan for two consecutive seasons.

Seeds of the faba bean variety “Hudeiba 72”

were supplied by the Agricultural Research

Corporation, Sudan. Three doses of chemical

fertilizers were tested: D1 (No fertilizers), D2 (25

kg N + 21 kg P ha ) and D3 (50 kg N + 42-1

Kg P ha ). Nitrogen was applied in the form of-1

urea together with phosphorus which was added

in the form of triple super phosphate. Two

Rhizobium  strains (ENRRI 9 and TAL 1399) and

two phosphate solubilizing bacteria (PSB) Bacillus

megatherium  var. phosphaticum strains were used

(PSB1 and PSB2). ENRRI 9 was a local isolate

from faba bean plants, whereas, strain TAL 1339

was supplied by NifTAL Project, Paia, HI, USA.

The PSB strains were supplied by the National

Centre for Research, Sudan. All bacterial stains

were maintained on Yeast Extract Mannitol Agar

(YEMA) slopes at 4°C.

Seeds were sown in holes with 20 cm

between holes and 3 seeds per hole. Plots were

4 x 5 meters with 4 replicates for each

treatment. Seeds were inoculated with the desired

bacterial strain impregnated in charcoal powder

carrier and gum Arabic solution (40% w/v) was

used as adhesive. Non–inoculated plots were sown

first to avoid chances of contamination by

rh izob ia  o r P SB . I r r iga tion  was app l ied

immediately after sowing and then every 10-15

days. Hand–weeding of the field was carried out

once after 3 weeks form sowing.

Three plant samples were taken from each

plot at 6 and 8 weeks after sowing. A spade

was used to describe a circle around the plant

and cut out this section to a depth below the

roots and the soil clump was lifted out by the

spade. Soil was carefully removed from the roots

by hand avoiding detachment of lateral roots.

Each sample was put in a labeled paper bag and

taken to the laboratory. The roots were washed

gently and nodules were detached and counted.

The shoot system was separated from the root

system by a cutter. Shoots, roots and nodules

were then oven dried at 70 C for 48 hours then0 

weighed to determine their dry weights for each

sample. The nitrogen content of shoots was

d e te rmined  by the  kje ldahl metho d .  T he

phosphorus content of shoots was determined by

digestion and calorimetrically [5].

Results and discussion

Nodulation

At the first season, both Rhizobium

inoculation and PSB inoculation significantly

(P#0.05) increased nodules number compared to

uninoculated control (Table 1). Application of

c he m ic a l  fe r t i l iz e r s  d e c r e a s e d  n o d u la t io n

significantly (P#0.05) at the two times of

sampling. Interaction between D3 fertilizers dose

and PSB1 gave the highest significant (P#0.05)

nodules number at both times of sampling. All

chemical fertilizers and PSB strains interacted

with Rhizobium  stra in E N RRI 9  showing

significant (P#0.05) improvement in nodulation at

8 weeks after sowing.

At the second season, Rhizobium  inoculation

significantly (P#0.05) increased nodulation at 6

weeks after sowing compared to control (Table

2). PSB inoculation by strain PSB1 increased

nodulation insignificantly at 6 weeks after sowing.

Application of chemical fertilizers significantly (P

# 0.05) decreased nodulation at both times of

sampling. The interaction between Rhizobium  and

PSB significantly (P#0.05) improved nodulation at

both times of sampling.

Nodules dry weight

At the first season, Rhizobium  inoculation

suing strain TAL 1399 significantly (P#0.05)

increased nodules dry weight at the two times of

sampling (Table 3). PSB inoculation increased

nodule dry weight at 6 weeks after sowing,

PSB1 significantly (P#0.05) increased the dry

weight at 8 weeks after sowing. Both doses of

chemical fertilizers at both times of sampling

significantly (P#0.05) decreased nodule dry weight

over the control. The 2-way interaction between

D3 fertilizers dose and TAL 1399 increased

nodules dry weight significantly (P#0.05) at 8

weeks after sowing but  it  is  also  gave  a

less weight than using  TAL 1399 alone at both

times of sampling. Interaction between D3
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fertilizer dose and PSB1 gave the highest nodules

dry weight at 6 weeks after sowing. The 3-way

interaction significantly (P#0.05) increased nodules

dry weight at 8 weeks after sowing with the

highest nodules dry weight obtained by D3

fertilizers dose, TAL 1399 and PSB1 interaction.

At the second season, Rhizobium  inoculation

and chemical fertilizers application separately gave

negative results on nodules dry weigh at the two

times of sampling (Table 4). PSB inoculation

with strain PSB1 significantly (P#0.05) increased

nodules dry weight at 6 weeks after sowing. The

2-way and 3-way interactions between factors

under investigation had no significant effects on

nodules dry weight at both times of sampling

except Rhizobium  and PSB interaction which gave

a significant (P#0.05) increase at both times of

sampling.

Root dry weight

At the first season, Rhizobium  inoculation

increased root dry weight at both times after

sowing insignificantly (Table 5). PSB inoculation

by either strain significantly (P#0.05) increased

root dry weight at 6 weeks after sowing.

Application of chemical fertilizers significantly

(P#0.05) increased root dry weight. The 2-way

and 3-way interactions significantly (P#0.05)

improved root dry weight at both times of

sampling. 

At the second season, Rhizobium  inoculation

significantly (P#0.05) increased root dry weight at

bo th times o f sampling (T able  6 ) . PSB

i n o c u l a t i o n  i n c r e a s e d  r o o t  d r y  w e i g h t

insignificantly at 6 weeks after sowing and

significantly (P#0.05) at 8 weeks after sowing by

using PSB1. Application of chemical fertilizers by

adding D3 fertilizers dose increased root dry

weight insignificantly at 6 weeks after sowing

and significantly (P#0.05) at 8 weeks after

sowing, whereas D2 showed no differences. D3

fertilizers  dose and E N RRI 9 interaction

significantly (P#0.05) increased root dry weight at

6 and 8 weeks after sowing. 3-way interaction

between D3 fertilizer dose, ENRRI 9 and PSB1

significantly (P#0.05) increased root dry weight at

8 weeks after sowing.

Shoot dry weights

At the first season at both stages of plant

growth, Rhizobium  inoculation using strain ENRRI

9 significantly (P#0.05) increased shoot dry

weight (Table 7). There were no positive results

for PSB inoculation on shoot dry weight.

Application of chemical fertilizers significantly

(P#0.05) increased shoot dry weight. D3 fertilizer

dose gave better results compared to D2. The 2-

way and 3-way interactions of the three factors

under investigation showed a significant (P#0.05)

difference at both stages of plant growth except

for the Rhizobium  and PSB interaction, at both

times of sampling. D3 fertilizers dose, ENRRI 9

and PSB1 interaction was the superior in

increasing shoot dry weight.

At the second season, Rhizobium  inoculation

significantly (P#0.05) increased shoot dry weight

at 8 weeks after sowing (Table 8). PSB

inoculation by using PSB2 significantly (P#0.05)

increased shoot dry weight at 8 weeks after

sowing. Application of D3 fertilizers dose

significantly (P#0.05) increased shoot dry weight

at both times of sampling. The 2-way and 3-way

interactions between factors under investigation

showed significant (P#0.05) differences in shoot

dry weight at 6 weeks after sowing, with highest

weight obtained when D3 fertilizers dose, ENRRI

9 and PSB2 were applied. 

Shoot nitrogen content

At the first season, Rhizobium  and PSB

inoculation did not affect the shoot nitrogen

content (Table 9). Applying D3 fertilizers dose

significantly (P#0.05) increased the nitrogen

content in shoot. ENRRI 9 with PSB2 interaction

was the only interaction between all 2-way and

3-way interactions that resulted in a significant

(P#0.05) increase in shoot nitrogen content.

At the second season, Rhizobium  inoculation

had a negative effect on nitrogen content of faba

bean shoot (Table 10). PSB inoculation increased

shoot nitrogen content significantly (P#0.05),

compared to control, with slight differences

among the strains. Applying fertilizers significantly

(P#0.05) increased nitrogen content using either

dose at both times of sampling. D3 fertilizers

dose and TAL 1399 interaction; D3 fertilizers

dose and PSB1 interaction; TAL 1399 and PSB1

interaction; and D3 fertilizers dose, TAL 1399

and PSB1 interaction were the 2-way and 3-way

interactions that gave the significant (P#0.05)

results in shoot nitrogen content for the following

interactions, respectively: fertilizers and Rhizobium;

fertilizers and PSB; Rhizobium  and PSB; and

fertilizers, Rhizobium  and PSB.

Shoot phosphorus content

At the first season, Rhizobium  inoculation

slightly increased phosphorus content in faba bean

shoot (Table 9). PSB inoculation using PSB2

insignificantly increased shoot phosphorus content

compared to control and PSB1. D3 fertilizers

dose  showed  a  slight increase in the shoot



340Adv. Environ. Biol., 3(3): 337-346, 2009

phosphorus content. The 2-way and 3-way

interactions of the three factors under investigation

resulted in a slight insignificant increase in the

shoot phosphorus content at the two times of

sampling.

At the second season, Rhizobium  inoculation

by strain TAL 1399 significantly (P#0.05)

increased phosphorus content in shoot compared

to control and strain ENRRI 9 (Table 10). PSB

inoculation by both strains and chemical fertilizers

application by using both doses showed negative

results in shoot phosphorus content. TAL 1399

and PSB2 interaction significantly (P#0.05)

improved phosphorus content in shoot.

Yield

Rhizobium  inoculation with strain ENRRI 9

significantly (P#0.05) increased faba bean seed

yield (Table 11). Similarly, PSB inoculation

significantly (P#0.05) increased faba bean seed

yie ld .  A p p lica t io n  of  chem ica l  fe r t i l ize rs

significantly (P#0.05) increased yield by using

both doses in the second season, and by using

D3 in the first season. 

Co-inoculation with Rhizobium  and PSB

increased yield significantly (P#0.05) compared to

uninoculated control and the best result was

obtained when ENRRI 9 and PSB2 were

combined. This result is in accord with results

observed by Rudresh et al., (2004) in chickpea.

Interaction between inoculation with Rhizobium

and/or PSB and fertilizers application increased

yie ld  s ign ifican t ly  (P#0 .05 )  co m p a re d  to

uninoculated control, and the highest yield was

obtained by application of D3 and ENRRI 9 with

PSB1 in the first season and with PSB2 in the

second season.

Discussion

Nodulation

The existence of nodules in the root of

uninoculated plants indicated the presence of

indigenous rhizobia that infect faba bean.

Rhizobium  inoculation increased nodulation. Strain

TAL 1399 was superior at the two seasons. This

indicates the effectiveness of the introduced

strains compared to the indigenous rhizobia. The

finding that inoculation increased nodulation in

faba bean is in accord with the observations of

Mohamed Ahmed,[9]. Bacillus megatherium  var.

phosphaticum (PSB) with both strains significantly

increased nodulation at all stages of plant growth

in the two seasons. This finding supports the

findings of Chebotar et al., [4] who demonstrated

that some phosphorus solubilizing bacteria strains

increased nodule number in soybean plants. Strain

PSB1 gave the highest results. Application of

chemical fertilizers declined nodulation and this

may be due to the increase in activity of

indigenous rhizobia in the soil which was

enhanced by application of nutrients leading to

increase in competition between the bacteria to

extent of decreasing nodulation. The addition of

nitrogen may be reducing plants ability to the

symbiosis relationship when high doses were

applied.

Inoculation with Rhizobium  and PSB increased

nodulation; these results were in accord with

results reported by Lucas–Garcia et al.,[8] and

Barea et al.,[3]. Inoculation with Rhizobium  and

application of fertilizers increased nodulation at

the first season, and this result is supporting the

observations of Abdallah,[1]. 

The response of legume crop to Rhizobium

inoculation in increasing nodules number is not

an incisive measure for the capability of

symbiotic relationship between rhizobia and the

host plant, whereas any rhizobia strain can form

a lot of ineffective nitrogen fixing nodules. 

Nodules dry weights

As shown in the results, Rhizobium

ino cu la t ion  inc rease d  n o d u le  d ry we igh t ,

particularly in the latest stages of plant growth,

and this may be ascribed to its slow adaptation

and its resistance to environmental conditions at

the early stages of plant growth. Previous studies

on faba bean demonstrated that inoculation

increased nodule dry weight at late stages of

plant growth as shown by Abdallah, . PSB[1]

inoculation increased nodule dry weight, these

results were in accord with observations of Barea

et al., . The result of applying chemical[3]

fertilizers on nodule dry weight was in the same

track of nodulation result. 

Strain TAL 1399 was the best in increasing

nodules dry weight with the same doses of

fertilizers, but is was less than using TAL 1399

alone, from this result we can derive that the

fertilizers did not affect the efficiency of strain

TAL 1399. Co-inoculation with Rhizobium  and

PSB increased nodule dry weight, PSB1 gave the

highest result with TAL 1399 and with ENRRI

9. Similar result had been reported by Vivas et

al.,  in clover plants. Co–inoculation with[1 4 ]

addition of fertilizers increased nodules dry weight

at the late stages of plant growth, this result is

in accord with observations of Rudresh et al.,

[11].

Root dry weights

Rhizobium  inoculations with both strain

increased root dry weight at all stages of faba
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bean growth. These results were in accord with

M ohamed Ahmed, ; and Abdallah, . PSB[2 ] [1 ]

inoculation increased root dry weight at both

seasons. Similar results were reported by Rudresh

et al.,  on chickpea plants. This result could[11]

be taken as an evidence for the effectiveness of

the two PSB strains on solubilizing phosphorus

and making it available to the plant . Application[6]

of D3 fertilizers dose significantly increased root

dry weight followed by D2, this result may be

ascribed by the abundance of phosphorus, which

enhances root growth. 

Co–inoculation with Rhizobium  and PSB

increased root dry weight, with superior in result

for strains ENRRI 9 and PSB1. Similar results

were obtained in chickpea . This result may be[11]

ascribed to the release of certain plant growth

promoting substances by the PSB strains.

Application of D3 fertilizers with strains ENRRI

9 and/or PSB1 resulted in the highest root dry

weight, this result may reprove the superiority of

Rhizobium  strain ENRRI 9, and PSB strains

PSB1 in increasing root dry weight.

Shoot dry weight

Rhizobium  inoculation increased shoot dry

weight at all stages of plant growth. These

results may be used as an evidence of the ability

of plants to utilize the nitrogen fixed through

symbiosis with Rhizobium . Strain ENRRI 9 was[9]

superior in increasing shoot dry weight at the

late stages. Previous studies found that Rhizobium

inoculation increased shoot dry weight .[1 ]

Application of D3 fertilizers dose increased shoot

dry weight at all stages of faba bean growth.

Co–inoculation with Rhizobium  strains and

PSB strains increased shoot dry weight by using

ENRRI 9 and PSB1, this result is similar to the

result reported by Rudresh et al., . When D3[11]

fertilizers dose was added with the two strains

mentioned above, they gave the highest shoot dry

weight. From this result we may derive that

there was no need for chemical fertilizers when

co- inoculation was utilized.

Table 1: Average number of nodules per faba bean plant as affected by Rhizobium , PSB and chemical fertilizers (First season)

Treatments 6 weeks after sowing 8 weeks after sowing

------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 43.56 52.56 50.67 71.78 58.00 67.56

D2 62.89 25.22 48.89 56.78 46.78 46.33

D3 34.78 30.56 39.89 68.56 64.44 62.78

PSB1 D1 49.89 25.89 55.56 44.22 72.33 82.11

D2 45.67 39.00 43.22 44.67 51.44 61.33

D3 51.33 43.00 96.67 68.67 121.56 69.11

PSB2 D1 58.89 41.78 61.89 84.44 86.00 81.11

D2 31.89 54.44 40.44 111.22 76.44 70.11

D3 41.56 17.89 51.78 47.56 44.67 93.78

6 weeks 8 weeks

LSD for Rhizobium 2.46 4.35

LSD for PSB 2.46 4.35

LSD for Fertilizer 2.46 4.35

LSD for Rhizobium  x PSB Interaction 7.38 13.06

LSD for Rhizobium  x Fertilizer Interaction 7.38 13.06

LSD for PSB x Fertilizer Interaction 7.38 13.06

LSD for Rhizobium  x PSB x Fertilizer Interaction 22.16 39.19

Table 2: Average number of nodules per faba bean plant as affected by Rhizobium , PSB and chemical fertilizers (Second season)

Treatments 6 weeks after sowing 8 weeks after sowing

-------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 128.56 171.67 130.00 153.11 183.67 146.33

D2 108.33 97.78 116.00 115.44 160.11 129.33

D3 83.44 130.22 135.67 118.00 156.00 219.00

PSB1 D1 134.89 115.67 132.78 203.11 146.56 142.11

D2 136.33 129.44 117.44 137.78 184.00 139.89

D3 137.78 121.22 99.78 163.11 111.33 108.22

PSB2 D1 187.11 94.33 169.33 198.67 109.22 144.67

D2 94.67 102.33 91.56 161.33 110.22 115.33

D3 87.44 63.67 176.78 178.00 144.22 125.33

6 weeks 8 weeks

LSD for Rhizobium 4.98 7.26

LSD for PSB 4.98 7.26

LSD for Fertilizer                     4.98 7.26

LSD for Rhizobium  x PSB Interaction                 14.96 21.80

LSD for Rhizobium  x Fertilizer Interaction          14.96 21.80

LSD for PSB x Fertilizer Interaction                  14.96 21.80

LSD for Rhizobium  x PSB x Fertilizer Interaction  44.90 65.40
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Table 3: Average nodule dry weight (m g/plant) as affected by Rhizobium, PSB and chemical fertilizers (First season)

Treatments 6 weeks after sowing 8 weeks after sowing

-------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 83.78 59.11 82.89 147.00 243.00 191.00

D2 67.78 70.00 96.22 186.00 109.67 114.00

D3 78.67 54.78 58.44 139.00 104.00 140.00

PSB1 D1 49.56 85.89 122.33 147.67 110.33 232.00

D2 78.22 51.44 71.89 104.33 118.67 127.67

D3 82.11 118.67 98.44 176.00 168.33 274.33

PSB2 D1 109.56 70.89 107.44 206.00 125.33 197.67

D2 79.78 82.78 114.56 132.67 179.00 130.33

D3 68.22 39.78 84.00 107.67 66.67 175.00

6 weeks 8 weeks

LSD for Rhizobium           5.24 8.13

LSD for PSB                                  5.24 8.13

LSD for Fertilizer                  5.24 8.13

LSD for Rhizobium  x PSB Interaction                15.73 24.40

LSD for Rhizobium  x Fertilizer Interaction          15.73 24.40

LSD for PSB x Fertilizer Interaction                15.73 24.40

LSD for Rhizobium  x PSB x Fertilizer Interaction  47.21 73.20

Table 4: Average nodule dry weight (m g/plant) as affected by Rhizobium, PSB and chemical fertilizers (Second season)

Treatments 6 weeks after sowing 8 weeks after sowing

--------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 166.00 172.56 175.22 176.44 211.89 122.11

D2 103.51 120.22 129.78 130.58 195.44 120.67

D3 90.78 75.11 138.44 148.11 136.22 266.82

PSB1 D1 195.33 127.67 171.00 155.89 174.44 163.00

D2 182.89 130.89 128.44 169.07 198.22 134.67

D3 163.44 137.33 61.22 192.33 165.60 110.57

PSB2 D1 188.44 105.98 173.89 205.89 117.60 158.71

D2 122.56 105.44 93.17 195.16 145.78 127.11

D3 87.89 86.67 146.78 139.56 134.44 141.78

6 weeks 8 weeks

LSD for Rhizobium            6.27 8.24

LSD for PSB                                 6.27 8.24

LSD for Fertilizer                    6.27 8.24

LSD for Rhizobium  x PSB Interaction              18.83 24.73

LSD for Rhizobium  x Fertilizer Interaction          18.83 24.73

LSD for PSB x Fertilizer Interaction                18.83 24.73

LSD for Rhizobium  x PSB x Fertilizer Interaction  56.49 74.20

Table 5: Average root dry weight (g/plant) as affected by Rhizobium, PSB and chemical fertilizers (First season)

Treatments 6 weeks after sowing 8 weeks after sowing

--------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 0.934 0.640 1.197 1.653 1.383 1.540

D2 0.831 0.994 1.024 1.737 2.007 1.550

D3 1.030 1.407 1.159 1.420 1.473 1.808

PSB1 D1 1.084 1.128 1.128 1.573 1.340 1.533

D2 1.210 1.164 0.949 1.730 1.223 1.457

D3 1.616 1.406 0.952 1.667 1.620 1.937

PSB2 D1 0.884 1.071 0.964 1.593 1.567 1.533

D2 1.070 1.126 1.186 1.847 1.267 1.420

D3 1.161 1.031 1.269 1.867 2.080 2.457

6 weeks 8 weeks

LSD for Rhizobium          0.039 0.051

LSD for PSB                              0.039 0.051

LSD for Fertilizer    0.039 0.051

LSD for Rhizobium  x PSB Interaction               0.117 0.155

LSD for Rhizobium  x Fertilizer Interaction          0.117 0.155

LSD for PSB x Fertilizer Interaction                0.117 0.155

LSD for Rhizobium  x PSB x Fertilizer Interaction  0.352 0.465
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Table 6: Average root dry weight (g/plant) as affected by Rhizobium, PSB and chemical fertilizers (Second season)

Treatments 6 weeks after sowing 8 weeks after sowing

-------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 0.600 0.667 0.744 1.389 1.233 1.111

D2 0.822 0.756 0.767 1.233 1.211 0.989

D3 0.822 0.767 0.622 1.089 1.389 1.467

PSB1 D1 0.678 0.767 0.911 1.222 1.078 1.311

D2 0.744 0.478 0.589 1.422 1.433 1.144

D3 0.722 0.711 0.722 1.144 2.111 0.944

PSB2 D1 0.678 0.822 0.778 1.056 1.489 1.233

D2 0.533 0.733 0.733 1.178 1.044 1.344

D3 0.711 0.833 0.878 1.367 1.289 1.467

6 weeks 8 weeks

LSD for Rhizobium            0.020 0.044

LSD for PSB                             0.020 0.044

LSD for Fertilizer            0.020 0.044

LSD for Rhizobium  x PSB Interaction                 0.060 0.133

LSD for Rhizobium  x Fertilizer Interaction          0.060 0.133

LSD for PSB x Fertilizer Interaction                  0.060 0.133

LSD for Rhizobium  x PSB x Fertilizer Interaction  0.180 0.401

Table 7: Average shoot dry weight (g/plant) as affected by Rhizobium, PSB and chemical fertilizers (First season)

Treatments 6 weeks after sowing 8 weeks after sowing

-------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 8.30 7.67 9.62 13.77 13.83 14.07

D2 9.97 11.31 14.29 16.23 17.17 15.97

D3 11.81 15.80 13.00 16.27 14.10 12.47

PSB1 D1 9.59 10.72 11.51 11.03 16.13 13.17

D2 12.02 9.24 9.68 13.67 11.20 13.73

D3 12.66 16.21 10.30 12.27 18.27 13.93

PSB2 D1 9.88 9.77 8.21 13.63 12.77 14.23

D2 12.80 10.53 13.03 18.13 13.27 13.67

D3 9.61 9.81 14.00 13.27 17.37 15.67

6 weeks 8 weeks

LSD for Rhizobium          0.305 0.401

LSD for PSB                      0.305 0.401

LSD for Fertilizer            0.305 0.401

LSD for Rhizobium  x PSB Interaction                 0.915 1.204

LSD for Rhizobium  x Fertilizer Interaction          0.915 1.204

LSD for PSB x Fertilizer Interaction                  0.915 1.204

LSD for Rhizobium  x PSB x Fertilizer Interaction  2.746 3.614

Table 8: Average shoot dry weight (g/plant) as affected by Rhizobium, PSB and chemical fertilizers (Second season)

Treatments 6 weeks after sowing 8 weeks after sowing

------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 4.86 5.73 6.42 9.92 12.76 10.39

D2 6.26 6.39 5.09 11.31 12.03 8.59

D3 6.62 6.57 5.76 12.19 14.77 14.93

PSB1 D1 5.96 7.46 6.73 11.12 11.29 11.67

D2 5.99 4.79 5.50 13.04 13.91 10.60

D3 6.40 6.19 5.32 11.89 11.94 9.56

PSB2 D1 6.00 6.11 7.33 8.87 9.19 9.75

D2 5.62 7.08 5.97 11.33 9.37 9.43

D3 6.57 9.26 8.02 11.42 11.08 14.06

6 weeks 8 weeks

LSD for Rhizobium                    0.150 1.067

LSD for PSB                                  0.150 1.067

LSD for Fertilizer                    0.150 1.067

LSD for Rhizobium  x PSB Interaction               0.451 3.201

LSD for Rhizobium  x Fertilizer Interaction          0.451 3.201

LSD for PSB x Fertilizer Interaction                  0.451 3.201

LSD for Rhizobium  x PSB x Fertilizer Interaction  1.353 9.603
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Table 9: Average  shoot  Nitrogen  and  Phosphorus  content (% ) as affected by Rhizobium , PSB and chemical fertilizers

(First season)

Treatments N content (%) P content (%)

-------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 3.640 3.920 3.477 0.883 0.983 0.890

D2 3.497 3.407 3.710 0.998 0.890 0.807

D3 3.757 3.827 3.547 0.975 0.935 0.913

PSB1 D1 3.687 3.313 3.873 0.830 0.818 0.945

D2 3.920 3.290 3.430 0.895 0.853 0.905

D3 3.640 3.477 3.577 1.015 0.910 1.007

PSB2 D1 3.523 3.733 3.430 0.898 0.940 1.010

D2 3.523 3.853 3.663 0.845 0.958 1.038

D3 3.570 3.873 3.813 0.823 0.950 0.925

N% P%

LSD for Rhizobium                 0.040 0.032

LSD for PSB                                  0.040 0.032

LSD for Fertilizer                  0.040 0.032

LSD for Rhizobium  x PSB Interaction                 0.122 0.097

LSD for Rhizobium  x Fertilizer Interaction          0.122 0.097

LSD for PSB x Fertilizer Interaction                  0.122 0.097

LSD for Rhizobium  x PSB x Fertilizer Interaction  0.367 0.293

Table 10: Average  shoot  N itrogen and Phosphorus content (% ) as affected by Rhizobium , PSB and chemical fertilizers

(Second season)

Treatments N content (%) P content (%)

-------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 4.627 4.443 4.600 0.383 0.400 0.453

D2 4.440 4.227 3.987 0.383 0.413 0.380

D3 4.570 3.723 4.413 0.413 0.350 0.433

PSB1 D1 4.893 4.520 4.493 0.417 0.363 0.383

D2 4.680 4.520 4.600 0.400 0.393 0.383

D3 4.547 5.077 5.107 0.410 0.373 0.387

PSB2 D1 4.333 3.857 4.547 0.413 0.377 0.467

D2 4.413 4.333 4.280 0.370 0.390 0.410

D3 4.573 4.493 4.943 0.383 0.350 0.393

N% P%

LSD for Rhizobium            0.051 0.006

LSD for PSB                     0.051 0.006

LSD for Fertilizer                   0.051 0.006

LSD for Rhizobium  x PSB Interaction                0.154 0.018

LSD for Rhizobium  x Fertilizer Interaction          0.154 0.018

LSD for PSB x Fertilizer Interaction                0.154 0.018

LSD for Rhizobium  x PSB x Fertilizer Interaction  0.461 0.054

Table 11: Average faba bean seed yield (kg/ha) as affected by Rhizobium , PSB and chemical fertilizers 

Treatments First season Second season

-------------------------------------------------------------------- -------------------------------------------------------------------

No Rhizobium ENRRI 9 TAL 1399 No Rhizobium ENRRI 9 TAL 1399

No PSB D1 2670.00 3080.56 3183.33 1656.67 1556.11 1980.56

D2 2389.44 2896.11 3173.33 2022.78 2066.67 2209.44

D3 3463.33 3131.11 2716.11 1658.89 1992.22 1797.78

PSB1 D1 2913.89 3045.00 3078.89 1610.56 1736.67 1676.11

D2 3436.11 3213.33 2541.67 2078.89 1741.11 1857.22

D3 3599.44 3357.78 3519.44 2012.22 1968.33 1912.22

PSB2 D1 2711.11 2928.89 2907.22 2100.56 1903.89 1681.67

D2 2863.33 2396.67 3306.67 1878.33 2410.00 1776.11

D3 2855.00 3266.11 2850.56 1675.00 2321.11 2320.56

First season Second season

LSD for Rhizobium                   68.19 51.56

LSD for PSB                                   68.19 51.56

LSD for Fertilizer                   68.19 51.56

LSD for Rhizobium  x PSB Interaction              204.59 154.69

LSD for Rhizobium  x Fertilizer Interaction          204.59 154.69

LSD for PSB x Fertilizer Interaction                 204.59 154.69

LSD for Rhizobium  x PSB x Fertilizer Interaction  613.77 464.08
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Shoot nitrogen content

Measuring nitrogen content in plant can be

direct criterion to determine the effectiveness of

Rhizobium  strains in fixing nitrogen, because the

increment of fixed nitrogen leads to accumulation

of nitrogen in plant shoot. Co–inoculation with

Rhizobium  strain ENRRI 9 and PSB2 increased

nitrogen content at the first season. Strain TAL

1399 and strain PSB1 increased shoot nitrogen

content at the second season. This result is in

accord with those of Rudresh et al.,  who[11]

reported that the combined inoculation of

Rhizobium  and PSB gave a higher nutrient uptake

compared to individual inoculations or an

uninoculated control. The increasing by this

co–inoculation was higher than the increase of

nitrogen content occurred by adding chemical

fertilizers. 

Shoot phosphorus content:

Rhizobium , PSB inoculation, application of

fertilizers, co-inoculations and interactions did not

make any significant differences in increasing

shoot phosphorus content at the first season and

there  was a significant increase in shoot

phosphorus content by using co–inoculation with

TAL 1399 and PSB2 at the second season. This

result may be ascribed to the fact that all

phosphorus has been available by treatment

utilized by the plant.

Yield

Rhizobium  inoculation with both strains

increased faba bean seed yield. In previous

studies similar results were reported by Abdallah,

. This result may be a decisive judgment on[1]

the symbiosis relationship between Rhizobium  and

faba bean plants and the efficiency of each strain

in the area of field experiment. The result of the

effect of PSB inoculation is in accord with

several studies showing that using microorganisms

in solubilizing phosphorus resulted in high crop

yield . Application of fertilizers increased yield.[12 ,6]

This result is in accord with observations of

Abdallah .[1]

Co-inoculation with Rhizobium  and PSB;

Rhizobium  and/or PSB and fertilizers application

increased yield compared to uninoculated control,

with the highest yield obtained when ENRRI 9

and PSB2 were combined. This result is in

accord with results observed by Rudresh et al.,

. From these results we may conclude that in[11]

Hudeiba area there was need for a starter

fertilizer dose with co–inoculation to increase

yield significantly.
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