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Abstract

The rapid advancement of agricultural practices has led to a significant decline in the levels of available
potassium in the soil. This decline, coupled with the annual rise in the prices of potassium-based
chemical fertilizers and their imbalanced application, poses serious challenges to sustainable agriculture.
Additionally, the detrimental effects of these fertilizers on the environment further emphasize the urgent
need for alternative approaches. One promising solution is the utilization of native potassium found in
the soil. To this end, harnessing the ability of effective microbial strains in dissolving non-exchangeable
forms of potassium (K) can play a vital role in enhancing soil fertility and promoting sustainable
agricultural practices. This study aimed to evaluate the potential of potassium-solubilizing
microorganisms (KSMs) in solubilizing and releasing soil insoluble potassium, the availability of other
essential nutrients, and the growth indices of maize (Zea mays L.). The research utilized a completely
randomized design for the experimental setup. The treatments included microbial inoculation with either
bacterium or fungus (Pseudomonas fluorescens and Aspergillus niger), as well as two control groups:
Cont* (which included potassium without inoculation) and Cont™ (which lacked both inoculation and
potassium. The results of the study demonstrated a significant impact of microbial inoculation on plant
growth indices and nutrient concentrations in the soil, as well as in the shoot and roots of the plants.
Notably, the highest recorded plant height (54.5 cm) and stem diameter (0.64 cm) were observed in the
group subjected to bacterial inoculation. These measurements represented increases of 18.1% and
18.2%, respectively, when compared to the Cont" treatment. The dry weight of plants shoots significantly
increased under bacterial inoculation, with increases of 1.8 times and 1.4 times compared to the Cont
and Cont* treatments, respectively. In contrast, fungal inoculation resulted in increases of 1.5 times and
1.2 times in comparison to the same control treatments. Additionally, bacterial inoculation exerted a
considerable effect on the levels of soluble potassium and available phosphorus in the soil. Specifically,
the concentrations of soluble potassium and available phosphorus were 1.2 times and 1.3 times higher,
respectively, under bacterial inoculation than under fungal treatment. The concentration of exchangeable
potassium rose by 30.1% in the presence of bacteria and by 5.1% in the presence of fungi when
compared to the Cont" treatment. These findings suggest that the presence of KSMs contributes to plant
growth enhancement by facilitating the release of potassium from potassium-bearing minerals.

Keywords: Potassium-solubilizing microorganisms, Bio-fertilizer, Potassium release, Nutrient
availability.
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Table 2. Analysis of variance for soil measured properties
Mean Square
Source of df K
Val’latlon N P Ksoluble Kexchangeable non- OC OM pH EC CaCOS
exchangeable
. Mlcroplal 3 0.001™ 15.02™ 33" 351.2™"  26592™ 0.005™" 0.014™ 0.008™ 0.008™ 8.01"
inoculation
Error 8 0.00038™  0.262 7.83 34.87 1123 0.001 0.002 0.002 0.001 0.667
CV (%) - 12.96 6.36 9.14 12.44 6.58 9.22 9.26 0.64 1 6.08

**% ** Show significant difference at 0.1 and 1%, respectively, and ns show non-significant difference.
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Figure 1. The effect of microbial inoculation on soil soluble potassium concentration
Cont" and Cont™ show conditions without inoculation with the addition of potassium and without potassium, respectively.
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Figure 2. The effect of microbial inoculation on soil exchangeable potassium concentration
Cont" and Cont” show conditions without inoculation with the addition of potassium and without potassium, respectively.
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Figure 3. The effect of microbial inoculation on soil non-exchangeable potassium concentration
Cont* and Cont show conditions without inoculation with the addition of potassium and without potassium, respectively.
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Figure 4. The effect of microbial inoculation on soil phosphorus concentration
Cont" and Cont” show conditions without inoculation with the addition of potassium and without potassium, respectively.
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Table 3. Analysis of variance for measured growth indicators

Mean Square

Source of

variation df Shoot Stem Shoot fresh  Root fresh  Shoot dry Root dry
length diameter weight weight weight weight

Microbial . . wox . *

. : 3 52.52 0.007 143.02 549.8 1.945" 141.8

inoculation

Error 8 4.84 0.001 13.98 44.32 0.905 31.5

*k K% * Show significant difference at 0.1, 1 and 5%, respectively, and ns show non-significant difference.
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Table 4. Analysis of variance for measured macro elements

Source of of Mean Square
variation Shoot Root

N P K N P K
Microbial 3 0.0288"™ 881 ™ 375.4™  0.0105™  31.03"™ 655"
inoculation
Error 8 0.0126 0.191 2.49 0.0005 0.383 8.37

*** Show significant difference at 0.1%, and ns show non-significant difference.
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Figure 5. The effect of microbial inoculation on plant height
Cont* and Cont show conditions without inoculation with the addition of potassium and without potassium, respectively.
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Figure 6. The effect of microbial inoculation on stem diameter
Cont" and Cont show conditions without inoculation with the addition of potassium and without potassium, respectively.
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Figure 7. The effect of microbial inoculation on shoot nitrogen concentration
Cont* and Cont™ show conditions without inoculation with the addition of potassium and without potassium, respectively.
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Table 5. The effects of microbial inoculation on potassium and phosphorus amount in plant shoot and root

Mean concentration of K (mg 100gDW)

Mean concentration of P (mg 100g'DW)

E;??t Microbial inoculation Microbial inoculation
Bacteria  Fungi Cont* Cont Bacteria  Fungi Cont* Cont
Shoot 750.78%  660.83® 600.19° 540.16¢ 430.55* 350.60° 110.86°  90.12¢
Root 1460.78% 1240.28° 1310.78" 880.15¢ 130.178  120.78%  90.65°  60.26°
Means with the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
Al ) 9 (lop eIl SUUS (339 1 (29550 Tdili S -7 Jour
Table 6. The effects of microbial inoculation on shoot and root dry weight
Mean of dry weight (g)
Plant part Microbial inoculation
Bacteria Fungi Cont* Cont’
Shoot 5.61° 4.79% 3.97% 3.1°
Root 26.82 21.16° 12.92° 12.61°
Means with the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
@0 adby p 29,500 gl ;5 -A Ui
Figure 8. The effect of microbial inoculation on maize growth
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