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1- Fractionation
2- Arbuscular Mycorrhiza
3- Plant growth promoting bacteria; PGPB
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Table 1. Some physicochemical properties of tested soil.
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Clay (%)
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(Sandy clay loam) Texture
8.2 pH
(e 2 oiese2) EC
' ECdS.m™)
- (A58 52 05 Jens
Organic carbon (g.kg™")
. (S5 3 0,9 Jslas ol 2l 5
Carbonate Calcium Equivalent (g.kg™")
220 (0 SAS 3 05 o) ooliad 6 ol
Available K (mgkg")
7.2 (5 5h5 53 ¢ 5 ) oalinal LG s
Available P (mgkg™")
05 (¢ 5555 53 ¢ S DTPA L ol sl 16 (53,
DTPA-extractable Zn (mg.kg™)
540 (¢ S5S 53 0 S L) DTPA Lzl sl LG oyl
DTPA-extractable Fe (mg.kg™)
- (05 5k 53 1.5 o) DTPA L 1 sl 16 55
DTPA-extractable Mn (mg.kg ")
o (05 5hS 53 1.5 o) DTPA L gl il 6 s

DTP A-extractable Cu (mgkg ™)
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Table 2. The variance analysis of the effect of experiment treatment on traits of beans in greenhouse tests.

Dlag e S0k

Average of Squares

a3
L 033 Slds 95 503 S O B TR
oo 3%) s J E St e
Jz:;jjjs AJ.J)U,A Lls Ll i Lji.}A (..,\.:. Lfi.)'A (..,\.:. Degree of Sources of variations
ight of freedom
Chlorophyll Wi;lgo:sznzne Seed Seeddry  Shoot wet  Shoot dry
index number weight weight weight
seeds
D5
204+ 9801%*  23.7%  0.17* 80.1% 1.56%* 1 o
Nitrogen
. [©5)
6.82™ 2575%* 2.64%* 1.39%* 323%* 6.18%* 1 ’
Zinc
. oligo s g S 2SU 5 2
6.25™ 5058%* 6.68** 3.78** 37.4%* 2.06%* 3 < &
Fungi and Pseudomonas bacterium
X S0 X Qs
0.30™ 0.56* S5.64%%  0.80%F  17.8% 0.33* 1 Nl
Nitrogen x Zinc
rbiresape 8L 5 ol x 055 5
0.37" 344% 247%¢ 0.14% 0.01% 0.003* 3 Nitrogen x Fungi and
Pseudomonas bacterium
iz 8L 5 2B X
0.21™ 148* 0.76** 0.19* 3.74* 0.213* 3 Zinc x Fungi and
Pseudomonas bacterium
5 X Sau X Bl
0.91™ 188* 0.76%%  0.13* 1.79% 0.099* 3 rlisre s SL
Nitrogen x Zinc x Fungi
and Pseudomonas bacterium
Lo
3.51 410 0.082 0.012 5.46 0.104 45
Error
(1) O jds g s
5.46 5.42 1.95 5.25 8.12 8.10 T

Coefficient of variation

.J‘)W})M}é@);{i Jw—‘dauji [)iﬁjlibf'u g,._qu.vnS) ‘»

** % and ™ Significant at 1 and 5% probability level, and not significantly, respectively.
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Table 3. Average Comparison of the effect of different treatments on average bean yield and vegetative factors
in greenhouse experiment (triple interaction).

. . ) Y S 05 el 5 035
Jds i el byl 05 &ls sl
als e il el L
Sles
weight of one Seed dry Shoot wet Shoot dry

Chlorophyll thousand seeds Seed number weight weight weight Treatment

index B B
g Number.Pot g.Pot™

36.1 A8 346 F 14.1 PE 4.86°C 4304P 31.0 AP (N)+H(+Zn)
36.9 4 358 EF 162°% 5.79 BP 46218 33.4 4B (N)+H(H+Zn)+(My)
36.0 *° 374 ©F 16.0° 5.93 8¢ 4.49 A€ 32.54¢ (N)+(+Zn)+(P)
3754 390 AP 17.04 6.55 " 469 % 3394 (N)+(+Zn)+(My+P)
34.6 &€ 349 F 14.1 PE 4.90°€ 3.55 91 25.6 91 (N)+(-Zn)
35948 348 F 144° 5.00 F¢ 3.61 26.0 ! (N)+H(-Zn)+(My)
36248 359 EF 150°€ 5.38 OF 3.73 26.9 (N)+H(-Zn)+(P)
36.7 4 363 OF 16.0° 5.77 5P 4.15"F 30.0 BE (N)+(-Zn)+(My+P)
318°¢ 371 ¢F 134°F 499 6 3.84 EH 27.7 B4 (Rh)+(+Zn)
32.8¢ 378 ©F 134°F 5.07 5¢ 4,03 “F 29.1 ¢F (Rh)+(+Zn)+(My)
33.1 B¢ 400 A€ 14.4° 573 8P 411" 29.7 ¢F (Rh)+(+Zn)+(P)
332 8¢ 4194 14.4° 6.02° 428 AP 31.0 AP (Rh)+(+Zn)+(My+P)
31.6°€ 357 EF 14.1 PE 5.02F¢ 337! 244" (Rh)+(-Zn)
322°¢ 362 PF 14.1 PE 5.09 B¢ 3.57 91 258 91 (Rh)+(-Zn)+(My)
323°¢ 393 AP 14.1 PF 551 ¢F 3471 251 M (Rh)+(-Zn)+(P)
329°¢ 405 A8 14.7 € 5.90 ¢ 3.95 ¢ 28.6 ¢ (Rh)+(-Zn)+(My+P)

R. leguminosarum Rh P. putida ‘P F.mosseae My (Ammonium nitrate) £ ol &z N
A STls gy 4 o3 O pelaes 3l e M (s Sl Y G SO Bl glls oS e Kle Ot a3

In each column, means with similar letter(s) are not significantly different at 5% probability level according to
Duncan’s multiple range tests.
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Table 4. The variance Analysis of nutrient concentrations in shoots bean in greenhouse experiment.

Dlagye S0k
Average of Squares bl e D e
o e S o el Sd NBER ]?;:irgzr:f Sources of variations
Cu Mn Zn Fe K P N
X O
3555%* 3451 %* 25.0* 2364™  0.029* 0.001* 3.37%* 1 s
Nitrogen
. . . [©5)
1472%%* 14.1* 5292%* 805™ 0.013™ 0.003™ 0.17* 1 g
Zinc
rlisesdsm 6 SG 5 B
dk sk sk ns ok ok *
576 794 2137 2597 0.16 0.016 0.16 3 Fungi and Pseudomonas
bacterium
X S X Qs
375%  422%  473%  1.89™  0.097*  0.004*  0.061% 1 Nl
Nitrogen x Zinc
lizesdsm SG 5 2B X 055 5
4.22% 199* 44.1* 27.0 0.022* 0.001* 0.016* 3 Nitrogen x Fungi and
Pseudomonas bacterium
lisesd e $SL 5 2B X S
76.4* 187* 172* 63.4™ 0.028* 0.001* 0.005* 3 Zinc x Fungi and
Pseudomonas bacterium
5 X Saux Bl
531%  19.7%  17.8% 977" 0.001*  0.001*  0.035* 3 rlsesdsm s Sh
Nitrogen x Zinc x Fungi
and Pseudomonas bacterium
Lo
89.1 70.4 56.9 59.1 0.024 0.001 0.065 45
Error
(1) O jds g oo
12.8 16.5 11.3 12.2 6.82 16.3 12.0 T

Coefficient of variation

.J‘)W})M}}@);{i Jw—‘dau): [)iﬁjlibf'u g,.__va.vnS) ‘»

** % and ™ Significant at 1 and 5% probability level, and not significantly, respectively.
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Table 5. The effect of different treatments on shoots nutrient concentrations in bean in greenhouse tests
(triple interaction).

o fae” S oAl el b O35 4%
Cu Mn Zn Fe K P N o
Treatment
mgkg’ %
67 P 47 PF 68 P 1194 2.02°€ 0.17 <P 220 8P (N)+(+Zn)
72 B¢ 50 OF 79 A€ 1234 2215 021" 2218P (N)+(+Zn)+(My)
74 B¢ 59 B¢ 80 AP 1354 23048 0.24 %8 2315 (N)+(+Zn)+(P)
83 AP 724 854 138 * 23948 026 % 237 8¢ (N)+(+Zn)+(My+P)
79 B¢ 53 P 50 F 99 A 2.16 %€ 0.16° 225 8P (N)+(-Zn)
914 59 B¢ 50 F 1214 23248 0.18 P 2574 (N)+(-Zn)+(My)
914 56 P 52 FF 1304 224 %€ 0.17 P 2438 (N)+(-Zn)+(P)
93 A 70 AP 63 PF 1374 23848 0.25* 2524 (N)+(-Zn)+(My+P)
59 P 326 62 °F 1254 225¢ 0.16° 1.71F (Rh)+(+Zn)
61° 41 B¢ 75 A€ 1354 23248 0238 2.03 BE (Rh)+(+Zn)+(My)
63° 55 P 76 A€ 149 4 23248 0.19 P 1.82 PF (Rh)+(+Zn)+(P)
72 B¢ 48 °F 81 A8 1554 2504 0238 1.95“F (Rh)+(+Zn)+(My+P)
59 P 37 %6 52 FF 120 220 "¢ 0.17 <P 1.82 PF (Rh)+(-Zn)
73 B¢ 47 PF 61°F 128 4 22948 021" 2.00 “F (Rh)+(-Zn)+(My)
69 BP 43 &G 61°F 1384 2.14 ¢ 0.20 P 1.86 °F (Rh)+(-Zn)+(P)
74 B¢ 46 °F 70 BP 150 4 23418 0.24 "8 2.00 “F (Rh)+(-Zn)+(My+P)

R. leguminosarum Rh P. putida P F.mosseae My (Ammonium nitrate) p ol oz N

I STls gy s o3 O pelaes 3l fre SN (s Sl 5V G SO Bl Shls oS L Sle st a3

In each column, means with similar letter(s) are not significantly different at 5% probability level according to
Duncan’s multiple range tests.

Yoo



Oy 9 39,¥9b Jlabw & il e

e o Ol o VG Ll 558l olulS s
e Y dpdz) 35 OIS 3 e, S e 0 /7]
SASL 5 SrosSe B 5 o Ds e sl
e S a3 (G)la e ,Jl.? P. putida
Soo 03,5 @lol (P Jydar) Ladls 055 20 <l
o5 o il e 5 e Sael 2
23 S A5 i Pooputida s S 5§05
L Ol 5 ol 055,28 ol Rl 8
Y dsdz) ol Gl QS 550, 8 Le WY
Aoy &_ijﬁuv)d' Lol S s Jaed Cds
s s F. mosseae z L5 (55, slslas
S S 8 s, b O35 JiSes s P putida
o iy e 5o Bl DA 5 basleg Lo o
Ol (g, 03,5 WLAIL(F Jsdx) 55 Ll ome
P. putida s ;S 5 F. mosseae z,Ls chyﬂ
e d Jlie ol ol sl e s Ol
(’J—fv—l““’ VYo L5 O/F s i dises slajlad o
vﬂ_wl:u' u.,l_>- AV dsd=) 25 e RIEEty 33
Laol Jolize ol 51 5 cidos glajles sboss
THJATQ\J_::;,L%U& dsd=>) eb S 1,5
ol L P putida « 5 5 55550 2506 (S35
5o ol e OIS s ey Df&g,,\w

Y dsa)

(RS

g = s P putida S Lo LS
Ao s ey e 53§13 e JQEF mosseae
(5 Jsdr) oodls alsm plil pal Clir Oljee
oS ke H/PA LS YO ey pal il Ol
R. leguminosarum o5 .55 e O1UIS 55
P. putida s\ s F. mosseae g s
Y Jsdz) s ol Cdes s sl op
O35 sless i Ol Jlize 31 5 baslas plas
(8 i) dils $a) dr o Sl ime i
sSL s F.omosseae ¢35 (555 055,250 sles
BENED) (aj_fu_ld: /¥ Lds Ol L P putida
0537 sl aw (V i) 35 sled o e OIS
AU P putida s S 5 S350 S 2,6 5 S5
il 3K Gl 5 Ao K @a—-‘ 03 Sul3 gme
(5 Jsa)
LaOldS as p s pol Sl 5 555 035 Ls|
A LaglilS s 58 Ol Oljae il 33l o g
(GMS s 53 0,8 oo +/FF) 50 Ul e 3,
s F.omosseae ¢35 (55, 035 50 Sl 4 by e
s bales ol (V dsiz) > P. putida s ;s\
ey S mlan Gols e G iz ol )
Ol 05,5 wlsl (5 Jsas) ails e u.,l;—
o5 L OlalS il 5 Ladl S s oy 5l

Iy s o= P. putida s S 5 $5,55S



SIS 05051 53 Lo ol alsn plil s e polis Codir e il 4 T dga

Table 6. The variance Analysis of shoots nutrient uptake in bean in greenhouse experiment.

Dlagye S0
6;!‘] a5 . N
Average of Squares 2 )f et wlie
Lz R . .o e D
o & L35 vl e S QI c8ree o Sources of variations
freedom
Cu Mn Zn Fe K P N
i i X O
0.010%*  0.085%*  0.005™  0.001™  441% 229  9717** 1 P
Nitrogen
. S
0.001* 0.013%** 0.21%* 0.187™  3618%** 55.6%* 1337%* 1 >
Zinc
rlizsase 655G 5 200
0.025* 0.024** 0.025%* 0.093* 1273%* 48.4%** 1050%** 3 .
Fungi and Pseudomonas
bacterium
i S0 X Qs
0.001*  0.001%  0.017%*  0.003™  0.040%  14.5%  62.0* 1 et
NitrogenxZinc
lisaszse S SG 5 B x 0555
* * sk ns * * *
0.001 0.004 0.001 0.001 354 2.67 40.7 3 Nitrogen x Fungi and
Pseudomonas bacterium
lisesd s S SL 5 2B X S
0.001*  0.003*  0.002* 0001  64.7%  3.I3*  28.7* 3 Zine x Fungi and
Pseudomonas bacterium
5 X Sau X Bl
0.001%  0.001*  0.001* 0002 13.1*  1.50%*  23.6* 3 g 655G
Nitrogen x Zinc x Fungi
and Pseudomonas bacterium
o
0.002 0.001 0.001 0.024 92.2 2.06 146 45
Error
(1) s s
17.3 14.8 14.2 15.6 10.6 17.5 14.2

Coefficient of variation

.J‘)ﬁ}).\.ﬁ)}@);{idw‘dau): Qiﬁ).iw%j@nsjﬁ

** % and ™ Significant at 1 and 5% probability level, and not significantly, respectively.
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Table 7. The effect of different treatments on shoots nutrient uptake in bean in greenhouse tests
(triple interaction).

o A S oo el A 0555
Cu Mn Zn Fe K P N ol
Treatment
mg.Pot”
0.29 P 0.20 “F 0.29 “F 0.51 ¢ 86 °F 7.4 PF 95 BP (N)+(+Zn)
033 4¢ 023 037" 0.56 ~€ 101 *® 9.8 A€ 102 ¢ (N)+(+Zn)+(My)
033 ¢ 0.27 ®¢ 0368 0.60 ~¢ 103 A8 10.7 48 103 A8 (N)+(+Zn)+(P)
039 % 0.34 % 0.40 0.65 8 124 1204 1124 (N)+(+Zn)+(My+P)
0.28 °F 0.19 °F 0.18 " 035°¢ 77°F 56° 80 P9 (N)+(-Zn)
033 ~¢ 021 ¢F 0.19 ™ 0.44 ¢ 84 DF 63F 92 BP (N)+(-Zn)+HMy)
0.34 4° 021 ¢F 0.19 ™ 0.48 ~€ 83 PF 62°F 90 BE (N)+(-Zn)+(P)
039 % 0.29 A8 0.26 °F 0.57 ¢ 99 A€ 10.5 48 105 A8 (N)+(-Zn)+(My+P)
0.23 PF 0.12°F 0.24 & 0.48 ¢ 86 OF 62°F 65" (Rh)+(+Zn)
025 “*F 0.16 °F 0.30 P 0.54 ~¢ 93 ©F 9.3 8P 81 >F (Rh)y+(+Zn)+(My)
0.26 BF 0.23 P 031 8P 0.60 ~¢ 95 B 7.8 F 75 PG (Rh)+(+Zn)+(P)
0.31 ¢ 0.20 <F 0.35 B¢ 0.68 4 107 A8 10.14¢ 83 ©f (Rh)H(+Zn)+(My+P)
0.20 " 0.12°F 0.18 " 0.40 B¢ 74 F 59F 616 (Rh)+(-Zn)
0.26 °F 0.17 °F 022" 0.46 ¢ 84 FF 7.5 PE 71 56 (Rh)+H(-Zn)+(My)
0.24 °F 0.15 ¥F 021 ¢! 0.48 ¢ 74 F 7.0F 65" (Rh)+(-Zn)+(P)
0.29 BP 0.18 °F 0.27 °F 0.58 ¢ 92 ¢F 9.3 8P 79 PG (Rh)+(-Zn)+(My+P)

R. leguminosarum Rh P. putida P F.mosseae My (Ammonium nitrate) p ol oz N

I STls gy s o3 O pelaes 3 5l fre Y (s S rde 5V G SO Bl Shls oS L Sle st a3

In each column, means with similar letter(s) are not significantly different at 5% probability level according to
Duncan’s multiple range tests.
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Abstract

Background and Objectives: The interaction between microorganisms, especially fungi and
bacteria can have very effective impacts on the growth and nutrition and improve the plants
yield. This study was done to investigate the effect of arbuscular mycorrhizal fungi and bacteria
Pseudomonas, Rhizobium interaction on growth, yield and plant nutrition of common beans.
Materials and Methods: In order to investigate the effects of the inoculation with P. putida,
R. leguminosarum bv. phaseoli and F. mosseae on yield and nutrient uptake of Common
Bean (Phaseolus vulgaris L.), a greenhouse experiment in a completely randomized factorial
design with 3 treatments including a: microorganism in four levels (no inoculation, P. putida,
F. mosseae and mix inoculation of fungi and bacteria), B: Zn in two levels (0 and 10 mg.kg™)
and C: Nitrogen in two levels (inoculation with R. leguminosarum and adding 70 mgkg’
nitrogen in form of NH4NOs) with four replications was conducted.

Results: The results of experiment indicated that the concentration of P, K, Zn, Cu and Mn in
shoots of plants and shoot dry matter, shoot wet matter, seed dry weight, seed number and
thousand seed weight affected by simultaneous inoculation of F. mosseae and P. putida. The
concurrent inoculation of F. mosseae + P. putida + R. leguminosarum bv. phaseoli significantly
increased the Mn concentration in shoots of plants and seed number. Uptake of N, P, K, Fe,
Zn, Cu and Mn significantly affected by synchronous inoculation of F. mosseae and P. putida.
The concurrent inoculation of F. mosseae + P. putida + R. leguminosarum bv. Phaseoli had no
significant effect on nutrient uptake.

Conclusion: Maximum thousand seed weight was obtained in rhizobium treatment which
represents the role of effective and efficient rhizobium bacteria in reduction of nitrogen
fertilizers use without yield loss.
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