Sl g 9 SB S e a5l
VAT (050 5 lowd (pid Wl
http://ejsms.gau.ac.ir fég_{&;&;@ﬁ,

gl T g pawliy @3> w3 Bacillus cereus & ySb b4 gw wili
CadoF old g Cu gSwgo (59l s s 31 (Medicago sativa 1.) axdg

\d e ¥ Y ' \ .. .
S QB850 9 (ould (aua coul jolasdey (puas
‘QW‘Wa&L‘J Sl r}l& ajjg JLT...»\Y u)gjf&rbcu)é)))us r}l& aK...:-J\) S r}l& ajjf éfS) 6}%&4‘)‘
S o35 (St ke 05,5 skl

QO Y oy e ¢ QEVIY 1l s g6

S

olS a5 (655,506 jolie i s S e ST dam else S S ke DI 55 s 5 Al
S eslial Lss e St Gl 51 glie ole gilaslil el adate lapilSa b OLILr 55 3l e
G bl ) glaaas 55 Il (g5,5liS Glual 4 s g (PGPBs) olSui; S e (slagg s
oAl s el olie Cd Olsee s Bacillus cereus s S\ g 53 J gy g o shiien a3l ool il
A el (g S5l 5 o 50 30) (21K SLa SIS (sl (Lo i 5l amigy bav s

Slalog s plasl 1SS a3 alad lS = b B s ) sSU o sony sIbS el ila g, 5 sl
oty b 5 8T 05 5 il 05 5 AT L cuanly 5 08T 05 JolS) 2108 gloms lacs lezr Joli il
5 (el pae 5 PTCC 1665 PTCC 1247) (55U 4 5 5 (o sSKuge 5 Sy 55 518) Slspemly sl S ¢
OLS (il 5l e a5 V00 Ldd (olol olle gl g5 ol b Ady oy b s addlas 550 OlalS
A (5 Seil el 5 el oSaas b 5 S aduy 5 alsa ol DAl ey cbale 5 il
eamen 5 OLLS iy 5 olse Pl St 055 Rl Pl Esl (8L Glag s gl &S 5l 0L ol slaaly
53 p Sk YOV oy Clor Jlie o St b asdlae 350 sl i 3 oal 5 ol Ol 1
M sl 53 b oddn i 5 oy Sse 5 S S5 ol gl e 5o el S OIS s ol ls (OIS
53 (OIS 53 0 8 s VA/EY) aly ) enlty o Jliie o 5 R 3 S edalie AL O 5 el s 5 JolS
sdalie Sl Oss 5 ool b 2148 Jlons b s dis 5 PTCC 1247 5 L o il o S5l sl
aiay 53 oAl Chle g Ol alsa el 51 Sk e S RB sba DS 4y s Al Gl Ol A
Oen Gl Corge 680 o g b olS il 3 o Sasn 5l V0 S S50 2 3 ediciS QLS
oAl e Ol oS sl OLES sel sy S A5 el BB gl 4 o ks il slaaly ;) oAl ol
ol o ke s o S 5l sla i Sl SR S sS5E ul lares 5e ailal, 0L s

Gy ke e o Sl 5 4 s b S Suse ol gl 3 eld S OlalS Al s by

mosep1379@yahoo.com :45s J st *

1y



IAT(Y) o)lond dY) s sy adgi 9 S8 Capprto g pul

JolS e Jlonn 3 o Sme (S5l Sla i 3 0SS OLS (6l Al 5 by O e o 50

.,\.1.5; sdaliwe

53 5ol S gl S 3 e ol (gileslil el Wl5 e OLS Jiwsn 55 by S i 15 St

oS cel L\j&éﬁp@du&ﬁj\%uM\w.:ﬁ&a oS 5 Slas 5 iy 350 o g0 a2

g slalsdS Ja_i\jw > b slas S 5l eslanal

Bacillus cereus a1 - (g S 56 (o Se s blS” slas s

iy S e Slag SL A sl 0 o b e
3 sy s Lie slagSLelsl 4 (PGPB)' oS
SoeilSa 32 b 1 355 n I sy
SW ) Lgd e olS W) S o o pe il
R PO PP CPNS FRTEIN N FCH P2 o
S sSE Glnoben Jelss S e O35 48 S
S 30t ST b s O3asdd Ll W5 G b
Joos Olee 1131 plde pobe o ulBs L
(S (o ph) il e gla iS4 oS
i cale sl g W5 (o 5 S Sl
b eondlSs ) e 51 Al Sl sl L
ol s g ol sl g8 sl .
© el 3 o5 bS5 Sles 5 A5 a5 LB
sy oS LS, eSS o sag SL il
T T e T i R S R N L
Enterobacter Azotobacter [Flavobacterium
s Clostridium  Arthrobace  Bacillus
o= .O0Y) el sas 5,158 Pseudomonas
sl slass GLLJ S 55 edalis (Yero)
Pseudomonas sla i dax 3l 5 Sde sl ;SU
e oy 0blS aly, L Acinetobacter
5 el edS e (s al Dl Rl
33 e S Sl S (T sy e dnd
L5k oS L L S ol e e dlaly (5015 5

1- Plant Growth Promoting Bacteria
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1- Potassium Solubilizing Bacteria
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Table 1. Composition of nutrient solutions stock.

o le S A e S
Number Salt Gram/liter
1 1 M Ca(NO; ),.4H,0 236.2
2 1 M MgSO,. TH,O 246.5
3 1 M KNO; 101.1
4 1 M KH,PO, 136.2
5 0.05 M Ca(H,POy) 3.15
6 FeEDDHA 16.66
7 Trace elements -
H;BO; 2.86
MnCL,.4H,0 1.81
ZnS0,.7H,0 0.22
CuS0,.5H,0 0.08
H,Mo00,.H,0 0.028
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Table 2. Elemental analysis of micaceous minerals used in the experiment using XRF (%).

Total LOI* TiO, P,0s MnO Fe,0; CaO K,O SiO, ALO; MgO Na,0 S«
99.54 45 0.06 0.03 0.06 1.77 9.98 4834 3399 0.08 0.64  usSese
99.63 0.9 0.56 0.037 0.11 4.21 9.29 4224 146 2254 045 S S 5l

LOI: Loss on Ignition.
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Table 3. Analysis of variance based on mean squares of dry weight, potassium and iron uptake.

S
Uptake iron Uptake potassium Dry weight = . O ot dtﬁ
a3l
ilss ol i, silss ol i, silss ol i, o 8.0V
Shoot Root Shoot Root Shoot Root
3§
1.33%* 42.64%*  144166.55%*  4239.44%* 124.64%** 85.64%* 1 <
Mineral
lde
0.91%* 6.12%% 292434 50%*  9326.21%* 111.43%** 70.09%* 3 e de
Nutrient solution
=
0.16%* 4.35%* 7075.26%** 1615.25%** 19.21%** 10.49%* 2 e~k
Bacteria
LM Jskme xS
0.147%* 1.97%%* 19536.40%* 185.34* 21.29%%* 22.87%%* 3 . . .
Mineral x Nutrient solution
sASLx 8
0.039 1.48** 958.94 19.71 8.86* 0.47 2 . .
Mineral x Bacteria
S X g Jslons
0.052 1.81%* 1133.21 383.62%** 1.12 0.55 6 . . .
Nutrient solution x Bacteria
SALX o g5 S
0.085* 0.88** 1003.71 46.19 0.82 0.53 6 . . . .
Mineral x Nutrient solution x Bacteria
1555
0.032 0.13 801.18 63.26 2.55 0.44 48
Error

* and ** Significant at 5% and 1%, respectively.
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Figure 1. Mean of shoot (a) and root (b) dry weight in media containing phlogopite and muscovite, affected by four
nutrient solutions and two strains of bacteria. Means with the same letters are not significantly different at P<0.05.
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Figure 2. Mean of shoot (a) and root (b) potassium uptake in media containing phlogopite and muscovite,
affected by four nutrient solutions treatments and two strains of bacteria. Means with the same letters are not

significantly different at P<0.05.
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Figure 3. Mean of shoot (a) and root (b) iron uptake in media containing phlogopite and muscovite, affected by
four nutrient solutions treatments and two strains of bacteria. Means with the same letters are not significantly

different at P<0.05.
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Abstract

Background and Objectives: Beneficial soil microorganisms are important biological factors
in improving take up micronutrient by plants. Microorganisms help the release of nutrients from
soil minerals using different mechanisms. The use of plant growth promoting bacteria (PGPBs)
for sustainable agriculture has increased tremendously in the last decades. This study was
conducted to investigate the effect of two strains of Bacillus cereus on potassium and iron
uptake by alfaalfa from substrates containing micaceous minerals (muscovite and phlogopite).
Materials and Methods: The greenhouse experiment was achieved using a completely
randomized design in factorial arrangement with three replications. The treatments included
four levels of nutrient solution (complete, iron- and potassium-free, potassium-free and iron-
free), two types of potassium bearing minerals (phlogopite and muscovite), three bacterial
treatments (PTCC 1247 and PTCC 1665 and non-inoculated). The studied plants which were
irrigated with four nutrient solutions during the growing seasons were harvested after 150 days
of planting and potassium and iron of the shoots and roots were measured by flame photometry
and atomic absorption spectrometery, respectively.

Results: The results showed that the presence of bacteria strains resulted in increased shoot and
root dry weights and also take up of potassium and iron from studied substrates. The highest
uptake of shoot potassium observed in the plants Cultivated at substrates containing muscovite
and phlogopite and Nutrition with two nutrient solutions, complete and iron free. The highest
uptake of root potassium observed at substrate containing phlogopite inoculated with strain
PTCC 1247 and nutrient with nutrient solution iron free. The uptake of iron in plant roots was
several folds greater than the shoot. Iron concentration in the roots of growing plants in
phlogopite substrate was higher than muscovite. Plant inoculation with bacterial strains resulted
in increased iron uptake in inoculated roots compared to non-inoculated ones. The obtained
results showed the content of iron concentration in growing plants in phlogopite substrates was
greater than substrates containing muscovite. The uptake of potassium and iron was different
Due to different treatment Nutrient solution. The highest uptake potassium and iron were
observed for plants cultivated at substrates containing muscovite and Nutrient with Complete
nutrient solution.

Conclusion: The presence of bacteria in plant rhizosphere could release nutrients from soil
minerals and lead to improve growth and yield of plants. In conclusion, the optimal use of
useful type of bacteria could decrease chemical fertilizer application under greenhouse
conditions.
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