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Table2- Contents of potassium solubilizing bacteria screening medium
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Table 3- Strains produced halo and colony diameter in plate containing ver miculite and muscovite

Diameter (mm) S db e db S A e db
] Colony Halo Halo/Colony Colony Halo Halo/Colony
31 Cu gSuume Cul g 59
Bacterium Muscovite Vermiculite
Bacillus subtilis 54 81 15 45 9 2
Corynebacterium glutamicum 44 6.1 13 55 8 14
P. putida 8.7 6.3 0.72 6.7 5.8 0.86
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Table 4- Biochemical testsresults and characteristics of potassium solubilizing isolates
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Test Results
Jss Juwly 355 93b5 ;3 L Jawly JuwlisS 55
Shape Rod shaped Coryneform Coccobacill
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Citrate utilization - - +

+ + +
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Bacillus subtilis  Corynehbacterium glutamicum  Pseudomonas putida
Isolate name
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Table 5- ANOVA results of treatments effects on some plant characteristics and potassium concentration

. q 5 s . SdS (439 . i
N Silp el S Sis E N3] Al ol il @i pewly
o5 2o ol oW sl agy, g Al . "d)ry potassium XV
Sov ’ Height Root Arial wet Root wet weight concentrati  potassium
DF length  weight weight 9 on uptake
g 9 Arial dry 9 P
weight
Potassium 3 150.4 54.1 22179.8 26008.3 14532.1 5204.05 0.006 0.0006
source
6)5_ ) 2 319.2 53.8 174749.1 34574.1 2726.1 29150.3 0.006 0.002
Bacterium
&
d):sb*w\:i ** * k * k * %k ** * %k * ok * k
Potassium 6 4.79 7.8 1151.8 4699.4 2637.1 2375.1 0.0007 0.0002
source* Bact
erium
a5
Eror 24 1.1 0.75 50.3 194.2 123.4 0.00005 0.000001
“')‘*(‘:’\;”)‘” 9.7 162 38 20.1 173 7.8 8.2

*dignificant p<0.01
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Figure 1- Mean comparison of treatments effect on plant height
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Figure 2- Mean comparison of treatments effect on root length
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Introduction: Potassium (K) is the third mgjor essential macronutrient for plant growth. Without adequate
potassium, the plants will have poorly developed roots, grow slowly, produce small seeds and have lower yields.
Due to imbalanced fertilizer application, potassium deficiency is becoming one of the major constraints in crop
production. The concentrations of soluble potassium in the soil are usualy very low and more than 90% of
potassium in the soil existsin the form of insoluble rocks and silicate minerals. Soil microbes have been reported
to play akey role in the natural K cycle and therefore, potassium solubilizing microorganisms present in the soil
could provide an alternative technology to make potassium available for uptake by plants. Thus, identification of
microbial strains capable of solubilizing potassium minerals quickly can conserve our existing resources and
avoid environmental pollution hazards caused by heavy application of chemical fertilizers.

Materials and Methods. This study aimed to isolate and identified potassium solubilizing bacteria and
evaluate those effect on K availability from muscovite and vermiculite sources to wheat crop under in vitro
condition. The study was conducted as factorial in completely randomized design at three replications included
bacterium inoculation (control, isolatel, isolate 2) and four k sources (muscovite, vermiculite, muscovite+
K,HPO,, vermiculite+ K,HPO,). Bacterial isolates were obtained from wheat rhizosphere on modified
Aleksandrov medium containing muscovite and vermiculite powder as potassium source. Nutrient broth medium
was used to prepare an overnight culture of bacteria to inoculate in Aleksandrov medium, which was used to
study the dissolution of silicate minerals. The zone of solubilization recorded on Aleksandrov medium. Then the
ability of two bacterial strains, including Bacillus subtilis and Corynebacterium glutamicum to release mineral K
from muscovite and vermiculite was investigated. After 18 days of seed culture, aerial part of plant growth was
dry digested and K concentration was determined by flame photometry. Dry and fresh weight of aerial part and
root, plant height and root length was recorded.

Results: Three K-solubilizing isolates from 15 isolates identified by biochemical and molecular methods
which belonged to Bacillus subtilis, Pseudomonas putida and Corynebacterium glutamicum. The potassium
solubilization zone of each strain on Aleksandrov medium containing muscovite were 8.1, 65.1 and 6.3,
respectively. The zone was also 9, 8 and 5.8 in Aleksandrov medium in the presence of vermiculite as insoluble
potassium source. According to these results potassium release from vermiculite was more than muscovite, in
spite of more potassium content of muscovite. According to the obtained results two strains Bacillus subtilis and
Corynebacterium glutamicum were selected for in vitro experiment because of halo to colony diameter ratio. The
ratio of halo to colony diameter in the presence of muscovite for Bacillus subtilis, Pseudomonas putida and
Corynebacterium glutamicum was 1.5, 0.72 and1.3, respectively. These ratios were 2, 1.4 and 0.8, respectively
in the medium containing vermiculite as insoluble potassium source. The results showed that the effect of
bacteria inoculation was significant (p<0.01) on all measured parameters. After being treated with the each of
KSB strains, plant dry weight and uptake of K by wheat seedlings increased significantly. These increases were
higher with the combination of Bacillus subtilis inoculation and vermiculite powder addition. Potassium
concentration of plant was depended to culture medium. Maximum K solubilization occurred when vermiculite
was used as a potassium source followed by K,;HPO,. Also K concentration of plants was significantly (p<0.05)
affected by bacteria. In our study Bacillus subtilis showed the most pronounced beneficial effect on plant growth
and K concentration by wheat seedlings. There was significant difference between potassium concentration in
aerial part of wheat seedling cultivated in bacteria free medium with soluble potassium and medium containing
bacteria without soluble potassium. This results shows the importance of potassium solubilizing bacteria to
supply potassium for plant.

Discussion and Conclusion: The enhanced release of mineral K might be attributed to the release of organic
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acids from the bacteria, a mechanism which plays a pivotal role in solubilizing potassium from inorganic source
of potassium. According to the results combining the inoculation of potassium solubilizing bacteria and the
addition of K bearing minerals could be a promising sustainable alternative to commercial K fertilizer and may
help maintain the availability of soil nutrients. Further studies are necessary to determine the effects of these
bacterial strains on mobilization of potassium-bearing minerals under field conditions.
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