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A b s t r a c t. Among the three important nutrients of (NPK) for 
plants, potassium plays a vital role in increasing disease resistance 
capacity and also in the activation of over 80 different enzymes 
responsible for plant metabolism. This article presents changes in 
the population of some soil beneficial microorganisms responsible 
for the nutrient cycling process in the soil and in their respiration 
activity as related to the application of different potassium (K) fer-
tilizers (KCl and K2SO4) at different doses in a model incubation 
experiment. The application of KCl and K2SO4 fertilizers increas-
es soil acidity at higher doses. The parameters describing the 
soil microbial community, i.e. microbial respiration and colony 
forming unit counts of free living N2-fixing bacteria, Rhizobium 
sp., Pseudomonas sp., potassium-solubilizing bacteria, and 
phosphate-solubilizing bacteria increased with the application of 
fertilizers at lower doses, but a minor decrease was observed for 
higher doses of fertilizers. The  level of microbial activity showed 
a positive correlation with the application of different amounts 
of fertilizer but no effect was observed due to the use of different 
fertilizer types, thereby indicating that a substantial improvement 
in soil biological activities can be achieved regardless of the K 
fertilizer type at optimized doses.

K e y w o r d s: potassium fertilizer, soil health, soil biology, 
incubation experiment, sustainable fertilizer use

INTRODUCTION

India is the third largest user of nitrogen (N), phospho-
rus (P), and potassium (K) fertilizers in the world, with an 
annual consumption of about 18 million tonnes of nitrogen, 

phosphate and potassium fertilizers in total (Gurav et al., 
2019). Potassium is one of the most applied plant nutrients, 
along with nitrogen and phosphorus. After nitrogen (N) and 
phosphorus (P), potassium (K) is the most important plant 
nutrient that has a key role in the growth, metabolism and 
development of plants. In addition to increasing plant resist-
ance to diseases, pests and abiotic stresses, K is required 
to activate over 80 different enzymes responsible for plant 
and animal processes, for instance, for energy metabolism, 
starch synthesis, nitrate reduction, photosynthesis and sugar 
degradation.

In the particular scenario of Indian agriculture, the use 
of nitrogen and phosphorus fertilizers is preferred by farm-
ers, whereas potassium input is neglected and the potassium 
requirement of crops is ignored (Das et al., 2019). Pathak et 
al. (2010) documented that, in India, the major input of K 
came from irrigation water and rainfall whereas potassium 
fertilizer contributed only 26% of the total potassium (K) 
input in the soil. Moreover, long-term fertilizer experiments 
have shown that even the recommended rates of K applica-
tion with nitrogen (N) and phosphorous (P) have failed to 
maintain the initial levels of available K in some soils (Das 
et al., 2019). As revealed by Gurav et al. (2019), the nega-
tive balance of N, P, and K in Indian agriculture is 19% N, 
12% P, and 69% K. Potassium depletion occurs because 
crops remove an average of 1.5 times more potassium than 
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nitrogen, and, simultaneously, the application of potassium 
through fertilizers in Indian agriculture is considerably lower 
than that of N or P. As a result, even calcareous Vertisols con-
taining a sufficient K supply for plant uptake (Gurav et al., 
2018) can be transformed into K depleted soils with intensive 
crop production and without the application of K fertilizers 
(Ghiri and Abtahi, 2011). In a long-term (four decades) field 
experiment, Dhiman et al. (2019) documented substantial 
K depletion in plots with imbalanced (K-deficient) fertiliz-
er application. Moreover, imbalanced fertilizer application 
caused adverse effects on soil biological properties such as 
microbial biomass carbon and nitrogen levels and resulted 
in a decrease in the yields of wheat grain and straw (Dhiman 
et al., 2019). Therefore, with the increasing cropping of K 
accumulating plants in India, more attention should be paid 
to maintaining a balanced K supply in soils, including an 
adequate K application to soils.

The most common potassium fertilizers are based on two 
main inorganic compounds i.e., potassium chloride (muri-
ate of potash) and potassium sulphate (sulphate of potash). 
Potassium chloride (KCl) is a common source of fertilizer 
and it is highly soluble; hence, excessive application may 
cause salt damage to plants (Rawat et al., 2016) through the 
buildup of salinity. Potassium sulphate (K2SO4) is usually 
manufactured through the reaction of chloride with sulphu-
ric acid, and it normally contains 43% K (Scherer, 2005). 
Potassium sulphate is also commercially available but is 
more expensive (Zörb et al., 2014). It is applied with par-
ticular frequency to horticultural crops in which chloride 
uptake is phytotoxic, such as tobacco plants (Rawat et al., 
2016). It has been well established that the microbial soil 
community has the ability to influence soil fertility through 
soil processes such as decomposition, mineralization, and 
the storage/release of nutrients (Parmar and Sindhu, 2013).

It has been reported that some beneficial soil microor-
ganisms, such as a wide range of heterotrophic bacteria, 
fungal strains and actinomycetes, significantly influence the 
fixation of nutrients, solubilize the insoluble form to a solu-
ble form and activate the nutrient cycling processes. Some 
of these mechanisms include the production of inorganic 
and organic acids, polysaccharides, acidolysis, chelation, 
and exchange reactions. For the most part the heterotrophic 
N2 fixing bacteria, Rhizobium sp., Pseudomonas sp., phos-
phorous-solubilizing bacteria and potassium-mobilizing 
bacteria governs the nutrient cycling process in the soil 
through different mineralizing processes (nitrogen fixation, 
ammonification, nitrification, phosphate solubilization, 
potassium solubilization etc.) and are considered to be the 
primary indicator for understanding soil biological quality. 
The addition of a chemical fertilizer directly influences the 
soil microbial community, thus in order to develop a proper 
appreciation of ecosystem functioning, the biological con-
dition of the soil ecosystem must be studied to evaluate 
the microbial status of the soil. Traditionally, the response 
to any changes at the microbial scale has been studied by 

evaluating the population, respiration rates and enzyme 
activities (Parkinson and Coleman, 1991). The actual inter-
est in the effect of fertilizer on soil microbial population is 
driven by an awareness of the importance of soil micro-
organisms in controlling C, N, P and S flows in the soil 
through different processes (Sarathchandra et al., 1988). 
In order to assess the effects of applied chemical fertilizer, 
measuring changes in soil respiration of the active popula-
tion of the soil, is an age old and reliable method. However, 
their population and activities are affected to a significant 
extent by the injudicious use of inorganic nutrient sources. 
Thus, applied fertilizers have a significant influence over the 
soil microbial community which includes their activities. 

In general, chemical fertilizers play a significant role in 
increasing the productivity of soil; however, they may have 
a negative impact on soil fertility with respect to the soil 
microbial community and can cause environmental degrada-
tion as a result of excessive use (Das et al., 2019). Therefore, 
it is necessary to understand the response of beneficial soil 
microorganisms to the added fertilizers for improved micro-
bial activity and also the specific properties of the different K 
compounds applied should be taken into account (Zörb et al., 
2014). Moreover, the soil functioning and the sustainability 
of soil fertility are largely governed by the decomposition 
activity of microflora (Anderson, 2003). The structure, 
diversity, and activity of the soil microbial community have 
been used as indicators of overall soil health and productiv-
ity potential (Rasmussen et al., 1998; Böhme et al., 2005; 
Kaschuk et al., 2010; Mbuthia et al., 2015). Soil microor-
ganisms play a significant role in the number of chemical 
transformations of soils and thus, influence the availability 
of macro- and micronutrients, potassium, and phosphorus-
solubilizing microorganisms play an important role (Meena 
et al., 2016). Efficient K- and P-solubilizing microorgan-
isms should be applied for the solubilization of tightly bound 
forms of these nutrients to an available form of K and P in the 
soil (Verma et al., 2017; Yadav and Sidhu, 2016).

Thus, although the effect of potassium fertilizers on the 
activity of potassium-solubilizing bacteria has already been 
investigated, various aspects still remain which are less well 
understood.  With the aforementioned observation in mind, 
a study was conducted to evaluate the influence of two 
different potassium fertilizers at different concentrations 
concerning the response of some soil beneficial microor-
ganisms and their respiration activity. The main objective 
of the study was to assess the role of the potassium fertilizer 
type and rate of application in the stimulation of potassium-
solubilizing bacteria and/or other groups of the beneficial 
soil microorganisms in a short-term incubation experiment, 
as affected by various soil properties. 
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MATERIALS AND METHODS

The laboratory incubation study was conducted in two 
soils of different texture, samples were collected from unfer-
tilized plots of two different agro-climatic zones of West 
Bengal, India: Mandouri, Haringhata, Nadia (longitude 
88.5674° E and latitude 22.9605° N) for Soil-1 (New Alluvial 
zone, silty clay loam soil texture, Typic Haplaquepts) and 
Sudhangsupur, Gosaba, South 24 Parganas (Longitude 
88.8079°E and Latitude 22.1652°N) for Soil-2 (Coastal zone, 
silty clay soil texture, Typic Endoaquepts). The main charac-
teristics of the experimental soils are summarized in Table 1. 
The soils had no cropping history for the last six months 
before collection for the study. For the laboratory incubation 
study, field moist surface soils (0-15 cm) from the above-
mentioned sites were collected in a labelled polythene bag 
and brought to the laboratory. The soils were air-dried. After 
the separation of stony materials and plant residues from the 
soils, the soil samples were sieved (2 mm) and homogenized. 
Depending on the dry weight of the soil, a particular amount 
(2 kg) was poured into clay pots for the incubation study 
(three replications). The incubation study was carried out 
under high-moisture conditions (60% water-holding capac-
ity) at room temperature (25ºC). Finely powdered oven-dried 
(100°C) potassium chloride and potassium sulfate (Analytical 
grade) chemicals were applied at different concentrations (as 
calculated for the different doses) to the pre-weighed moist 
soil and mixed thoroughly to ensure the homogenized con-
dition of the soil and fertilizer. The six different treatments 
based on fertilizer dose, along with the control, were defined 
as follows: KCl-1 (40 kg ha–1), KCl-2 (110 kg ha–1), KCl-3 
(180 kg ha–1), K2SO4-4 (40 kg ha–1), K2SO4-5 (110 kg ha–1), 
K2SO4-6 (180 kg ha–1) and control (no fertilizer). In order to 
keep the natural microbial community intact, no sterilization 
of the soil was performed prior to the treatment, but the clay 
pots were cleaned before incubation by spraying them with 
a 70% solution of ethanol. During the incubation periods, 
soil samples were collected on different incubation days (0, 
3, 7, 15, 30, and 60) after application, they were collected 
separately in two polythene bags to determine the physico-
chemical parameters and for microbial analysis. Parameters, 
such as soil pH, electrical conductivity (ECe), free-living 
N2-fixing bacteria, Rhizobium sp., Pseudomonas sp., potassi-
um-solubilizing bacteria, phosphate-solubilizing bacteria and 
basal soil respiration were determined on specified days.

The pH of the soils was measured using a pH meter 
(Contech CpH-101, India) in deionized water at a 1:2 
soil:water ratio (Das et al., 2019). The EC of the soils was 
determined at a 1:2 soil:water ratio by using a digital EC 
meter (Systronics, TDS Meter 308, India).

The enumeration of the beneficial soil microbial pop-
ulation was performed using agar plates containing the 
appropriate media by following the serial dilution tech-
nique and spread plate method. Inoculated plates were 
incubated in an incubator at 28°C for 120 hs. The CFU 
counts were performed after 5 days of incubation. The spe-
cific media used were as follows: i) Jensen’s Agar Medium 
(HiMedia™) for the population of nitrogen-fixing bacteria 
according to the method of Kayasth et al. (2014), ii) Yeast 
Mannitol Agar medium (HiMedia™) for the population 
of Rhizobium species, iii) Pikovskaya’s Agar medium 
(Pikovskaya, 1948) for the population of phosphate-solu-
bilizing soil microorganisms, iv) King’s Medium B Base 
(HiMedia™) for the population of Pseudomonas sp., and 
v) Aleksandrow medium (HiMedia™) for the population of 
potassium-solubilizing bacteria. In order to determine the 
microbial activity of the treated soils under study, the basal 
respiration activity was estimated using NaOH entrapment 
of CO2 evolved due to microbial respiration according to 
the modified method of Alef (1991).

All statistical analyses were performed using Statistica 
12.0 software (www.StatSoft.com). The effect of the differ-
ent fertilizer doses was analysed using factorial analysis of 
variance (ANOVA, p<0.05), and Tukey’s honestly signifi-
cant difference (HSD) post-hoc test was used to determine 
the significant differences between the individual variables. 
The interactions of the treatment and other variables (e.g., 
soil, fertilizer type, fertilizer application rate, and incu-
bation time) were analysed using the factorial ANOVA 
(Lindeman et al., 1980), in which the significance was 
assessed at p<0.05, p<0.01, and p<0.001.

RESULTS

The changes in soil pH under different potassium ferti-
lizer application doses are presented in Table 2. The study 
revealed that potassium fertilization through KCl and K2SO4 
increased the soil acidity level as compared to the control 
for both soils under study, although the differences were not 
always verified as significant at p<0.05. The effect was only 
more prominent for higher doses of fertilizers after 15, 30 
and 60 days of incubation for Soil-1, while for Soil-2 this 
occurred after 30 and 60 days of incubation. It was observed 
that the gradual increment in the application doses of both 
fertilizers increased soil acidity. The changes in the electri-
cal conductivity of the saturated soil extract (ECe) values of 
the soils are presented in Table 3. As expected, an increase 
in ECe values was observed due to fertilizer application 
with a gradual increase with the increasing rate of fertilizer 
application. However, the changes were not always verified 

Table  1. Physicochemical properties of Mandouri, Haringhata 
(Soil-1), and Sudhangsupur, Gosaba (Soil-2) soils

Soil property Soil-1 Soil-2
Water-holding capacity (%) 54 53
pH 6.1 6.3
Electroconductivity (EC, dS m–1) 0.26 0.32
Organic carbon (%) 0.43 0.42
Available phosphorus (kg ha–1) 53.9 87.0
Soil microbial respiration (mg CO2 g–1 of dry soil) 1.3 2.7

https://www.tibco.com/products/data-science
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as significant at p<0.05. The changes in soil microbial res-
piration are summarized in Table 4. The results indicated 
that the application of both KCl and K2SO4 significantly 
increased the level of basal soil respiration in comparison 
to the level in the untreated soil, but only marginal effects 
of the fertilizer type and rate were recorded, in particular 
with reference to the incubation days studied at the begin-
ning of the incubation period, where no significant (p<0.05) 
differences were recorded for the incubation days 0 and 3.

The changes in the populations of free-living N2-fixing 
bacteria, Rhizobium sp., Pseudomonas sp., potassium-
solubilizing bacteria, phosphate-solubilizing bacteria in 
the two soils treated with a stepwise increasing rate of K 

fertilizer application, expressed in terms of CFUs, which 
are presented in Tables 5-9. In Soil-1, a higher concentra-
tion of K fertilizer application tended to decrease (without 
a clear statistical verification at p<0.05) the nitrogen-fixing 
populations in comparison with the lower dose application  
(Table 5). In contrast, the effect of KCl application was not 
so prominent in Soil-2. At day 3, an increase in the nitro-
gen-fixing population was observed at higher doses. This 
increase was recorded again for days 30 and 60 in Soil-1, 
whereas no significant changes in population occurred at 
these days in the Soil-2.

Table  2. Influence of using different potassium fertilizer application rates on the pH values of tested soils for 60 days of incubation 

Treatment Incubation days
0 3 7 15 30 60

Soil-1
Control 6.1±0.3ab 6.1±0.2ab 6.2±0.3a 6.2±0.2b 6.1±0.0c 6.2±0.0c

KCl-1 5.9±0.1ab 5.8±0.2ab 5.7±0.4a 5.6±0.2ab 5.5±0.4ab 5.1±0.2ab

KCl-2 5.7±0.4ab 5.6±0.4ab 5.5±0.3a 5.4±0.3a 5.2±0.1a 4.9±0.2a

KCl-3 5.5±0.3a 5.4±0.2a 5.3±0.1a 5.3±0.3a 5.0±0.2a 4.8±0.4a

K2SO4-1 6.3±0.2b 6.2±0.2b 6.0±0.5a 5.9±0.2a 5.9±0.2bc 5.8±0.3bc

K2SO4-2 6.1±0.3ab 5.9±0.3ab 5.8±0.3a 5.6±0.3ab 5.5±0.4abc 5.3±0.5ab

K2SO4-3 6.0±0.4ab 5.7±0.2ab 5.6±0.3a 5.4±0.4ab 5.3±0.1a 5.2±0.2ab

Soil-2
Control 6.3±0.2b 6.2±0.4b 6.2±0.2b 6.2±0.3a 6.0±0.3a 6.1±0.2c

KCl-1 6.1±0.3ab 6.0±0.3ab 6.0±0.3ab 5.9±0.2a 5.9±0.2a 5.7±0.3bc

KCl-2 6.0±0.3ab 5.8±0.2ab 5.7±0.3ab 5.6±0.2a 5.5±0.2ab 5.3±0.2ab

KCl-3 5.8±0.3ab 5.6±0.3ab 5.5±0.5ab 5.5±0.3a 5.4±0.2abc 5.2±0.2ab

K2SO4-1 6.0±0.3ab 5.9±0.2ab 5.8±0.3ab 5.8±0.4a 5.6±0.1ab 5.2±0.3ab

K2SO4-2 5.8±0.4ab 5.7±0.3ab 5.6±0.2ab 5.5±0.2a 5.3±0.3bc 5.0±0.2a

K2SO4-3 5.4±0.4 a 5.4±0.2a 5.2±0.2a 5.4±0.3a 4.9±0.2c 4.9±0.2a

The averages are indicated by the use of the same letter and did not significantly differ at p<0.05 within individual columns and soils; 
the data are presented as mean ± standard deviation, n=3

Table  3. Influence of using different potassium fertilizer rates of application on the EC (ds m–1) values of the tested soils for 60 days 
of incubation

Treatment Incubation days
0 3 7 15 30 60

Soil-1
Control 0.26±0.02b 0.28±0.08c 0.24±0.05d 0.27±0.08e 0.22±0.02d 0.37±0.05c

KCl-1 0.38±0.04a 0.51±0.10ab 0.54±0.06a 0.51±0.05a 0.53±0.07b 0.57±0.06a

KCl-2 0.46±0.03a 0.61±0.06bd 0.78±0.05bc 0.68±0.05bcd 0.60±0.07ab 0.58±0.06a

KCl-3 0.59±0.02c 0.77±0.08d 0.82±0.06c 0.81±0.05d 0.83±0.06c 0.80±0.06b

K2SO4-1 0.27±0.03b 0.40±0.07ac 0.44±0.07a 0.54±0.03ab 0.57±0.05ab 0.63±0.06ab

K2SO4-2 0.38±0.03a 0.52±0.06ab 0.58±0.07ab 0.61±0.04abc 0.69±0.05ac 0.72±0.07ab

K2SO4-3 0.43±0.04a 0.50±0.05ab 0.55±0.12a 0.71±0.06cd 0.68±0.04ac 0.72±0.07ab

Soil-2
Control 0.32±0.03c 0.36±0.03c 0.34±0.03c 0.29±0.02d 0.39±0.02c 0.31±0.02c

KCl-1 0.46±0.04b 0.55±0.02a 0.60±0.02a 0.61±0.03c 0.64±0.01b 0.67±0.01b

KCl-2 0.71±0.03a 0.67±0.03b 0.78±0.01b 0.59±0.02bc 0.67±0.01ab 0.66±0.03b

KCl-3 0.72±0.03a 0.88±0.05e 0.87±0.02e 0.79±0.01a 0.81±0.03d 0.79±0.01a

K2SO4-1 0.51±0.02b 0.54±0.03a 0.56±0.03a 0.54±0.03b 0.70±0.02a 0.79±0.02a

K2SO4-2 0.73±0.03a 0.61±0.02ab 0.68±0.04d 0.79±0.02a 0.69±0.03ab 0.77±0.03a

K2SO4-3 0.71±0.02a 0.76±0.03d 0.80±0.02b 0.82±0.04a 0.70±0.02a 0.80±0.03a

Explanations as in Table 2.
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For the Rhizobium sp. population in Soil-1 (Table 6), the 
CFU values showed similar trends to those of the nitrogen-
fixing bacteria for KCl-treated variants at day 3, whereas no 
significant changes were found for the subsequent days in the 
study. Moreover, no significant changes in population were 
observed with increases in the fertilizer application rate. The 
results indicated the stimulating effect of KCl application on 
the population that was for the most part unaffected by ferti-
lization rates. A different pattern was  observed in Soil-2, in 
which the significant (p<0.05) increase in CFUs in the treat-
ed soils as compared to the control was recorded for days 
15 and 30. Again, an increase in the Rhizobium sp. popula-
tion was recorded with lower doses of fertilizer application 

relative to the results produced by the control and no further 
increase was observed with the increasing rate of fertilizer 
application. Changes in CFU counts of Pseudomonas sp. in 
soils with different doses of fertilizer and different incuba-
tion periods are presented in Table 7. The results indicate 
that application of both KCl and K2SO4 favoured the growth 
of bacteria and significantly (p<0.05) increased their popu-
lation relative to those in the untreated soil for most of the 
sampling days. Although not always verified as significant 
at p<0.05, the results tended to increase with the increasing 
rate of fertilizer application.

Table  4. Influence of using different potassium fertilizer application rates on the basal soil respiration (mg CO2 released g–1 of oven-
dried soil) values of the tested soils for 60 days of incubation 

Treatment Incubation days
0 3 7 15 30 60

Soil-1
Control 1.3±0.09a 1.7±0.28a 1.6±0.12b 2.1±0.23b 2.1±0.08c 1.5±0.30b

KCl-1 1.6±0.33a 1.9±0.68a 2.9±0.42a 3.8±0.55a 5.0±0.02a 4.1±0.81a

KCl-2 1.3±0.06a 1.9±0.52a 2.9±0.28a 4.1±0.42a 4.2±0.13b 4.2±0.21a

KCl-3 1.3±0.13a 1.9±0.42a 3.1±0.41a 4.6±0.32a 4.6±0.32ab 4.3±0.63a

K2SO4-1 1.4±0.14a 2.1±0.53a 3.1±0.56a 4.1±0.15a 4.6±0.31ab 4.1±0.84a

K2SO4-2 1.3±0.06a 2.3±0.58a 2.9±0.35a 4.2±0.15a 5.3±0.48a 4.9±0.46a

K2SO4-3 1.4±0.10a 2.3±0.93a 3.3±0.16a 4.5±0.38a 5.4±0.28a 4.6±0.67a

Soil-2
Control 2.7±0.36a 2.7±0.24a 2.4±0.25b 2.2±0.28c 2.3±0.17d 2.8±0.27b

KCl-1 2.4±0.08a 2.7±0.16a 3.3±0.27ab 5.1±0.09b 3.6±0.35a 3.8±0.50ab

KCl-2 2.8±0.07a 2.8±0.28a 3.2±0.69ab 4.8±0.18ab 3.7±0.53a 4.1±0.54ab

KCl-3 2.7±0.15a 3.2±0.06a 3.7±0.43a 4.4±0.09ab 4.0±0.13ac 4.0±1.19ab

K2SO4-1 2.4±0.33a 2.8±0.55a 3.1±0.20ab 4.1±0.70a 4.8±0.36bc 4.6±0.30a

K2SO4-2 2.6±0.10a 3.5±0.30a 2.8±0.19ab 4.1±0.44a 5.0±0.41b 4.7±0.16a

K2SO4-3 2.8±0.17a 3.5±0.20a 3.7±0.27a 4.5±0.31ab 5.6±0.18b 5.2±0.20a

Explanations as in Table 2.

Table  5. Influence of using different potassium fertilizer application rates on the number of nitrogen-fixing bacteria (x 105 CFUs g-1 dry soil) 
in the tested soils for 60 days of incubation 

Treatment
Incubation days

0 3 7 15 30 60
Soil-1

Control 32.7±8.6a 34.3±1.5c 39.0±4.4a 34.3±3.5a 30.0±5.3b 26.3±2.5b

KCl-1 31.0±2.0a 54.3±5.0d 51.7±3.1c 46.7±5.0a 46.0±3.6a 56.0±3.6a

KCl-2 35.3±1.5a 41.3±1.5abc 48.3±2.3bc 46.7±6.5a 50.7±4.2a 44.7±5.9a

KCl-3 33.3±4.0a 46.3±2.5abd 41.7±4.0ab 42.3±3.5a 47.7±7.4a 43.3±6.4a

K2SO4-1 31.3±3.2a 39.0±3.6ac 41.3±2.5ab 39.7±4.0a 47.0±2.6a 51.3±5.7a

K2SO4-2 32.7±2.1a 45.3±2.5ab 43.7±3.1abc 41.7±5.5a 43.7±2.1a 42.7±5.0a

K2SO4-3 33.7±3.5a 48.7±3.1bd 35.7±3.5a 39.7±3.1a 49.3±3.1a 50.0±5.2a

Soil-2
Control 39.7±3.1ab 40.0±6.6b 34.3±0.6a 35.0±1.0a 37.3±1.5a 36.3±2.1a

KCl-1 52.7±4.0d 39.3±2.5a 55.7±2.5a 57.7±3.5a 47.7±4.7a 66.7±4.0a

KCl-2 56.3±4.5bc 49.0±2.0a 53.3±2.5a 52.7±2.5a 50.7±4.7a 34.3±2.9a

KCl-3 58.3±2.5a 46.7±2.1ab 56.3±3.5a 54.0±5.0a 50.0±8.0a 42.3±4.5a

K2SO4-1 55.0±3.0cd 52.3±3.5a 58.7±5.5a 62.0±3.0a 61.0±3.0a 52.3±4.9a

K2SO4-2 56.3±2.5ab 53.0±2.6ab 45.7±3.5a 63.0±4.6a 60.3±6.8a 63.0±4.0a

K2SO4-3 47.7±4.5cd 51.0±2.0ab 49.3±3.5a 63.7±7.0a 58.0±9.5a 61.3±5.5a

Explanations as in Table 2.
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Changes in the potassium-solubilizing bacteria (KSB) 
population in the two soils at different fertilizer doses and 
different incubation periods are presented in Table 8. The 
results indicate that the application of both KCl and K2SO4 
favoured the growth of bacteria with the exception of days 
0 and 3 of the incubation period and increased their popula-
tion relative to that in the untreated soil. The changes in the 
CFU counts of phosphorus-solubilizing bacteria (PSB) in 
soils 1 and 2 with different doses of fertilizer application 
and different incubation periods are presented in Table 9. 
The initial application of both KCl and K2SO4 (i.e. at days 
0 and 3) showed no significant (p<0.05) effect on the PSB 
population, but during the later incubation days, both 

fertilizers favoured the growth of the bacteria studied and 
their populations increased relative to that in the untreated 
soil. However, no significant (p<0.05) increase in the PSB 
population was observed at the end of the incubation as 
compared to the untreated variant. 

For an estimation of the role of individual experimental 
factors, an analysis of the results was provided by the use of 
a four-way ANOVA (Table 10). The calculations showed the 
importance of the rate of fertilizer application more so than the 
type of fertilizer used, indicating that similar effects could be 
achieved regardless of the source of the potassium. An analy-
sis of the data showed the substantial effect of the incubation 
time on all of the measured parameters, where the interactions 

Table  6. Influence of using different potassium fertilizer application rates on the number of Rhizobium sp. (x 105 CFUs g–1 dry soil) 
in the tested soils for 60 days of incubation 

Treatment Incubation days
0 3 7 15 30 60

Soil-1
Control 36.3±0.6ab 35.0±2.6b 39.7±5.0a 36.7±1.2a 35.7±5.9a 39.7±6.7a

KCl-1 44.0±2.0d 44.0±2.0a 46.7±4.7a 51.0±12.8a 50.0±6.6a 39.7±3.1a

KCl-2 39.7±1.2bc 42.7±1.5a 44.7±4.2a 55.0±9.2a 53.7±8.0a 37.3±3.2a

KCl-3 35.3±1.2a 39.3±2.5ab 45.0±4.0a 51.0±14.2a 52.0±4.4a 36.7±2.5a

K2SO4-1 42.3±1.5cd 44.3±1.5a 43.0±3.0a 51.3±13.9a 53.0±9.8a 36.3±4.2a

K2SO4-2 37.3±1.5ab 38.7±3.5ab 43.3±4.0a 54.7±18.0a 51.0±6.2a 45.3±4.5a

K2SO4-3 42.0±1.0cd 39.3±2.1ab 44.0±2.6a 50.7±15.6a 52.3±7.1a 45.3±7.2a

Soil-2
Control 34.7±2.1a 36.3±2.1a 36.3±2.5a 34.3±1.5c 35.3±0.6b 38.0±1.0a

KCl-1 33.7±2.5a 36.7±5.0a 40.7±5.7a 39.7±4.9ac 62.3±1.2a 53.3±9.9a

KCl-2 36.3±2.5a 35.0±3.6a 39.7±8.1a 44.3±2.1ab 59.3±5.1a 47.7±9.6a

KCl-3 35.0±4.4a 34.0±7.5a 45.0±6.6a 40.3±3.2abc 57.7±5.7a 38.0±3.5a

K2SO4-1 33.7±2.5a 39.0±7.5a 38.0±6.6a 47.7±1.5ab 57.3±6.5a 52.7±8.7a

K2SO4-2 35.0±6.0a 37.3±7.2a 37.0±4.6a 48.7±4.2b 53.0±5.6a 40.0±1.0a

K2SO4-3 37.3±3.1a 36.3±6.4a 34.7±5.1a 44.3±3.1ab 56.3±6.0a 41.7±4.5a

Explanations as in Table 2.

Table  7. Influence of using different potassium fertilizers application rates on the number of Pseudomonas sp. (x 105 CFUs g–1 dry 
soil) in the tested soils for 60 days of incubation 

Treatment Incubation days
0 3 7 15 30 60

Soil-1
Control 33.7±2.5d 43.3±5.0ac 38.7±8.6d 38.7±7.6b 41.0±6.1c 34.7±3.2b

KCl-1 54.7±2.1b 55.7±1.5b 47.0±2.0ad 60.7±2.5a 58.7±3.1ab 51.3±4.5a

KCl-2 46.7±1.2a 53.3±3.2ab 61.0±6.0bc 55.3±2.5a 56.7±4.0a 49.3±3.5a

KCl-3 43.7±1.5a 48.0±6.0abc 64.3±3.5c 54.0±3.6a 54.3±9.1ac 47.7±4.0ab

K2SO4-1 56.3±1.5b 44.0±5.0abc 52.0±3.0abc 50.7±4.7ab 61.0±2.0ab 54.0±2.0a

K2SO4-2 52.3±1.5bc 37.3±3.5c 55.7±2.3abc 59.7±6.5a 63.7±2.5ab 58.3±5.1a

K2SO4-3 48.7±3.1ac 49.7±4.0ab 49.3±3.5abd 61.0±6.6a 71.3±2.5b 60.7±8.5a

Soil-2
Control 32.0±2.6c 36.0±2.0bc 22.7±3.5d 30.0±6.6a 29.7±9.5a 27.3±5.7a

KCl-1 45.0±0.0a 46.0±2.0ab 43.7±5.0a 44.7±7.4ab 44.7±4.5ab 44.3±1.5abc

KCl-2 45.7±3.2a 44.7±2.3ab 66.7±6.7c 52.3±4.7bc 54.7±6.0bc 57.7±6.1cd

KCl-3 53.3±3.8ab 47.3±1.5a 63.7±2.1bc 64.7±6.7c 68.3±9.5c 75.7±7.2d

K2SO4-1 52.0±3.6ab 32.7±3.5c 40.7±5.7a 38.3±5.1ab 33.7±0.6a 36.7±1.2ab

K2SO4-2 56.3±6.7b 50.7±3.1ad 48.7±6.5ab 45.3±8.1ab 46.7±6.4ab 46.7±11.0abc

K2SO4-3 48.7±3.1ab 59.7±7.6d 56.7±10.6abc 48.3±7.8abc 48.3±6.5ab 47.7±9.9bc

Explanations as in Table 2.
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were strengthened by the rate of fertilizer application. Among 
the measured variables, the ECe levels seemed to be the most 
substantially affected parameter, because it was primarily 
altered by the application rates of the different fertilizers.

DISCUSSION

In general, the application of potassium fertilizers helps to 
increase soil acidity as the fertilizer dose is increased but this 
effect is neutralized with the progress of time. The findings 
of Du et al. (2010) also indicated that the decrease in soil pH 
induced by KCl application was significantly influenced to 
a significant extent by the incubation time and that the devel-
oping acidity of the soil was neutralized with the progress 

of time. The study indicated that the application of fertilizer 
increased the ECe values with increasing doses as compared to 
the control. The lower ECe values in the case of K2SO4 applica-
tion as compared to KCl (although not always clearly verified 
by a statistical evaluation of the data) indicated the slow dis-
sociation of the K2SO4 salt, as stated by Zehler (1981).

Changes in basal soil respiration are related to the 
increasing populations of the microbial community which 
increased with increased fertilizer dose, this was also 
observed by Zakarauskaitė et al. (2008). In this experiment, 
the population of the different bacterial communities tended 
to increase because of the application of potassium fertiliz-
ers, but the unaltered or more or less stable respiration values 

Table  8. Influence of using different potassium fertilizer application rates on the number of potassium-solubilizing bacteria 
(x 105 CFUs g–1 dry soil) in the tested soils for 60 days of incubation 

Treatment Incubation days
0 3 7 15 30 60

Soil-1
Control 34.0±3.0a 37.3±7.8a 30.7±7.4c 39.0±7.0b 34.0±4.6b 33.7±4.6b

KCl-1 33.3±2.1a 37.0±2.0a 45.0±1.0ab 49.7±2.1a 53.3±1.5a 43.7±1.5a

KCl-2 36.0±2.6a 36.0±2.0a 52.0±3.6b 52.7±2.5a 51.7±3.5a 42.0±3.6ab

KCl-3 39.3±2.5a 35.7±1.5a 44.3±2.5ab 49.3±2.5ab 45.7±2.5a 41.3±2.1ab

K2SO4-1 36.3±2.5a 41.3±2.1a 40.0±3.6ac 50.3±4.2a 48.0±2.6a 49.0±2.0a

K2SO4-2 34.7±1.2a 37.3±2.1a 37.3±3.5ac 53.3±1.0a 54.7±6.0a 42.3±5.5ab

K2SO4-3 37.0±1.0a 33.3±3.8a 43.0±2.6ab 50.7±1.5a 54.3±1.5a 44.7±1.5a

Soil-2
Control 35.7±2.5a 35.3±3.2a 35.0±1.0c 37.7±3.1a 40.7±2.9d 35.7±2.1a

KCl-1 34.3±3.1a 38.7±4.7a 38.0±3.6bc 43.3±2.3ab 51.0±2.0ab 36.7±2.5a

KCl-2 36.0±2.6a 39.3±5.5a 47.0±2.6a 41.0±2.0a 54.3±1.5a 42.7±4.5ab

KCl-3 34.3±2.1a 38.3±3.1a 46.0±2.6a 41.7±2.5a 58.3±3.5ac 41.7±2.5ab

K2SO4-1 33.7±2.5a 37.0±1.7a 45.3±2.1ab 43.0±2.0ab 44.0±3.0bd 44.3±2.5b

K2SO4-2 38.0±4.0a 33.0±2.0a 45.3±3.5ab 51.0±5.3b 51.7±2.5ab 48.7±2.5b

K2SO4-3 33.0±5.6a 35.0±3.6a 48.0±3.0a 44.7±2.1ab 60.7±4.2c 56.7±0.6c

Explanations as in Table 2.

Table  9. Influence of using different potassium fertilizer application rates on the number of phosphate-solubilizing bacteria 
(x 105 CFUs g–1 dry soil) in the tested soils for 60 days of incubation 

Treatment Incubation days
0 3 7 15 30 60

Soil-1
Control 38.0±1.7a 37.7±6.5a 30.7±5.5b 38.7±8.1a 30.0±4.6c 38.0±5.0a

KCl-1 34.7±3.5a 35.3±3.8a 48.7±2.1a 56.3±4.5b 49.0±7.5b 39.0±2.6a

KCl-2 35.3±1.2a 39.0±2.0a 45.7±2.5a 51.3±2.5ab 44.3±2.5ab 36.7±1.2a

KCl-3 36.0±3.5a 41.3±2.1a 43.0±2.6a 46.7±2.5ab 46.7±3.2ab 38.7±2.1a

K2SO4-1 38.7±2.5a 31.7±7.6a 44.3±1.5a 51.3±5.9ab 46.3±3.1ab 34.7±4.2a

K2SO4-2 34.7±2.1a 36.3±1.5a 45.7±2.1a 51.3±6.7ab 41.7±2.5ab 34.3±1.5a

K2SO4-3 35.7±4.2a 31.7±4.9a 43.0±1.7a 45.3±3.1ab 36.7±2.5ac 36.0±3.0a

Soil-2
Control 39.3±2.5bc 41.7±2.5a 38.7±2.1b 41.7±3.2a 40.0±5.3a 37.0±1.0a

KCl-1 39.0±2.0b 45.3±3.1a 41.0±2.0b 54.7±2.5b 58.3±2.5b 36.7±5.1a

KCl-2 42.3±1.5abc 51.3±2.1a 52.3±1.5a 52.0±5.3ab 55.3±8.1ab 33.7±7.5a

KCl-3 45.3±3.1a 46.0±2.0a 47.7±3.5a 50.3±5.7ab 48.0±10.1ab 35.0±3.0a

K2SO4-1 44.7±1.5abc 45.0±5.3a 47.7±2.1a 53.3±2.5ab 49.0±3.6ab 37.3±1.5a

K2SO4-2 48.0±1.0a 46.0±2.6a 48.7±2.5a 53.3±4.0ab 45.3±4.7ab 41.3±2.9a

K2SO4-3 45.0±2.6a 41.0±6.6a 40.7±2.5b 52.7±5.1ab 40.0±3.6a 36.7±1.5a

Explanations as in Table 2.
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at different doses of fertilizer (40, 110, and 180 kg ha–1) indi-
cated that the community always maintains an equilibrium in 
their metabolic level. This may be the result of the increas-
ing population of the community with increasing dosage 
which may be attributed to the fact that the addition of fer-
tilizers to soil generally stimulates the microbial ecosystem. 
Moreover, as reported by Geisseler and Scow (2014), meta-
bolic activity does not only respond to mineral fertilization, 
but it also represents the results of many other factors, such 
as physiological stress, physical disturbances, a shift in the 
composition of the microbial community etc. In this study, 
the results indicated that the higher doses of potassium ferti-
lizers chosen for the study, which are commonly used doses 
for various crops, did not ultimately exert any adverse effect 
on the beneficial microbial population of the soil.

With regard to changes in CO2 evolution by microorgan-
isms during the incubation period, a significant increase in 
CO2 evolution was observed for all of the potassium treated 
variants as compared to the control with the exception of 
sampling days 0 and 3. The increase in the rate of micro-
bial respiration on successive incubation days may occur 
because of the lower availability of easily decomposable 
organic matter during the initial period of the study which 
later became available because of the degrading population 
of microorganisms, the oxidation of which liberated larger 
amounts of CO2 through microbial respiration (Wu and Ma, 
2001). A reduction in the evolution of CO2 by microorgan-
isms during the later phases of incubation as a consequence 
of the lower availability of organic carbon, as a result of its 
exhaustion over time (Usman et al., 2004, 2013) was not 
observed in this study.

In general, fertilizer stimulates microbial growth and 
may affect the composition of individual microbial com-
munities (Khonje et al., 1989). Naher et al. (2013) reported 
that the total bacterial, fungal, and actinomycetes popula-
tion increased significantly as a result of fertilizer treatment 
in comparison to the control. It was found that the applica-
tion of both potassium fertilizers at lower doses stimulated 
nitrogen-fixing bacteria and Rhizobium sp. populations 
in both soils to a significant extent in most variants of 
the experiment. The trend towards a decrease in this type 
of bacterial population among several variants with the 
application of high doses of KCl may be attributed to an 
increase in the acidity of the treated soil which may impart 
stress and result in a decrease in the bacterial population. 
Moreover, the results confirmed that the application of 
fertilizers did not impose any severe persistent negative 
influence on the population of either free-living nitrogen 
fixers or Rhizobium sp.

Considering the overall effect on the Pseudomonas 
population, the results indicated an increase in their pop-
ulation in the treated soils as compared to the untreated 
control. These results are well corroborated by the find-
ings of Deshwal and Kumar (2013) in which an increasing 
trend in the Pseudomonas population with increasing salt T
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concentration in the soil was reported; this observation may 
be a result of the excretion by Pseudomonas sp. of exo-pol-
ysaccharides that bind with salt ions (Na+, K+, etc.) in the 
soil solution resulting in a decrease in salinity stress (Ashraf 
et al., 2004; Kohler et al., 2006; Nadeem et al., 2010) and 
thereby increasing the population of Pseudomonas sp. at 
higher doses of the fertilizer as compared to the control.

The results of the activity of potassium-solubilizing bac-
teria are in agreement with the findings of Parmar and Sindhu 
(2013) which showed that the application of potassium fer-
tilizers (KCl and K2SO4) positively influences the activity of 
potassium-solubilizing bacteria. In general, a higher KSB 
population was registered with lower doses of KCl and K2SO4 
in Soil-1, whereas the reverse of this trend was observed in 
Soil-2 but without a clear statistical verification of all of the 
findings. Moreover, the higher doses of application of both 
fertilizers did not exert any serious negative influence on the 
population of the potassium-solubilizing bacterial commu-
nity. The increasing soil acidity due to potassium fertilization 
was also supported by the increasing population of potassi-
um-solubilizing bacteria which produced larger amount of 
organic acids for the solubilization of K from exchange com-
plexes in the soil. It has been established that an increase in 
the potassium-solubilizing bacterial population significantly 
increases the amount of different organic acids viz. oxalic 
acid, tartaric acids, gluconic acid, 2-ketogluconic acid, cit-
ric acid, malic acid, succinic acid, lactic acid, propionic 
acid, glycolic acid, malonic acid and fumaric acid in the soil 
microsystem (Hu et al., 2006; Keshavarz Zarjani et al., 2013; 
Krishnamurthy, 1989; Liu et al., 2012; Prajapati et al., 2012, 
2013; Saiyad et al., 2015; Sheng and He, 2006). However, 
Moro et al. (2014) assumed that K is not among the limiting 
nutrients for soil microorganisms. As stated by Etesami et 
al. (2017), the interactions of KSB with other soil benefi-
cial organisms should also be included in the experimental 
designs of future research.

The results concerning the activity of phosphate-solu-
bilizing bacteria were very similar to the findings of New 
et al. (2013) in which the phosphate-solubilizing activity 
by the bacterial population was affected by higher levels of 
salt concentration; the effects differ according to the differ-
ent species of microorganisms involved (Chookietwattana, 
2003). Microorganisms under stress conditions either die or 
remain dormant, the exceptions are halotolerant and halo-
philic microorganisms which have the ability to combat this 
problem. On the other hand, P-solubilizing microorganisms 
can help to reduce the harmful effects of excess nutrients in 
the soil (Altomare and Tringovska, 2011). In this experi-
ment, the maximum values of CFUs occurred at day 15 of 
the incubation and the importance of the incubation time 
was verified with the application of multivariate statistics. 
This trend may be a result of the depletion of nutrients in the 
soil during the second part of the incubation. Moreover, the 
balanced combined use of P-solubilizing microorganisms 

with mineral fertilizers may lead to an effective enhance-
ment of the mobilization of P resources in soils (Altomare 
and Tringovska, 2011).

CONCLUSIONS

1. A multivariate analysis of the data indicated the pre-
dominant importance of the incubation time and fertilizer 
application rate on the studied parameters whereas the ferti-
lizer type seems to have less of an effect on these parameters.

2. An increase in the population of some agricultur-
ally beneficial soil microorganisms was observed with the 
application of potassium fertilizers. Moreover, the applica-
tion of potassium fertilizers positively influenced basal soil 
respiration in comparison to that of the control.

3. In summary, for the potential improvement of soil 
biological parameters, the K fertilizer dose considerably 
influenced the soil microbial population structures, but the 
type of applied K fertilizer seems to be less important. Thus, 
for a balanced K supply, Indian farmers should choose the 
K fertilizer type according to its availability and price.
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