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Abstract 

The use of biomass ash in agriculture can have advantages such as improved soil quality and 

environmentally friendly ash disposal. Moreover, in combination with microbial inoculants, biomass ash 

can have a beneficial effect on plant growth. The study investigated the effect of biomass ash and inoculums 

of three Bacillus isolates on the quality of soil and barley plants. The greenhouse pot experiment included 

five treatments and two control soils: control - without any amendment and control with mineral fertilizer 

(CAN). Treatments included soil (3 kg/pot) and biomass ash (30 g/pot) with and without calcium 

ammonium nitrate or with bacterial inoculum. Biomass ash was collected after combustion of soybean 

straw. Bacillus sp. were isolated from the rhizosphere soil of alfalfa. The presence of PGP traits (Indole-3-

Acetic Acid and siderophores) was confirmed by the quantitative tests for the three Bacillus isolates used 

(B1, BS1, BMG1). The ash, soil and plant (collected in crop maturity stage) samples were tested for: total 

N, C, S, and plant available P2O5 and K2O as well as for the content of potentially toxic and hazardous 

microelements (As, Cd, Сo, Cr, Cu, Mn, Ni, Pb, Zn). Inoculation of seeds with Bacillus inoculums (in vitro) 

showed a significant effect on seedling growth compared to the non-inoculated control. Addition of ash 

significantly reduced soil acidity and increased content of plant available P and K compared to the controls, 

while combination of ash and microorganism, increased amount of available P compared to the treatment 

with ash only. Barley biomass yield was increased more than double when treated with ash and by 87.62% 

when treated with ash+BMG1 compared to control. The lowest yield was obtained in the treatment where 

only CAN was added. The content of potentially toxic microelements in the soil and barley shoots was 

below the maximum allowed concentrations. The use of biomass ash alone was effective in terms of soil 

nutritional and physical properties resulting in yield increase. However, the use of ash in combination with 

Bacillus isolates in addition to positive effect on soil and plant quality resulted in a higher barley biomass 

than the combination of ash with CAN. This study showed that biomass ash can be used as fertilizer on 

acidic soils with low nutrient content alone or in combination with bacterial inoculants. The synergistic 

effect of ash with microorganisms can provide an environmentally friendly approach in agriculture to 

reduce the need for chemical fertilizers and solve the problem of biomass ash disposal.   
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Introduction 

 

Nowadays, the use of biomass from agricultural fields as an alternative source for heat and electricity 

production is increasing (Zhang et al. 2018; Saljnikov et al. 2018). Their application in thermo-chemical 

processes contributes over 90% of the total global bioenergy, but on the other hand, these processes also 

generate a large amount biomass ash (Zhang et al. 2018; Loo and Koppejan, 2008). The ash of the 

agricultural biomass contains most of the nutrients (potassium, phosphorus, calcium, magnesium, and etc.) 

for plant growth (Pesonen et al., 2016). A large part of biomass ashes are disposed as landfills and its 

potential remains untapped. Utilization of biomass ash in an environmentally friendly and cost effective 

way is an important goal (Saljnikov et al. 2018).  

An intensive agricultural system in which crop residues are harvested for energy rather than returned 

to the soil leads to a rapid depletion of nutrients in the soils. Sustainable management of such ecosystems 

is very important, and the return of biomass ash to the fields can partially compensate for the loss nutrients 

from the soil. On the one hand, biomass ash can be reused as fertilizer or soil ameliorant (Brannvall et al. 

2015; Freire et al. 2015), and on the other hand, it would reduce the amount of waste to be disposed of, as 

well as the amount of chemical fertilizer (Zhang et al. 2018). 

Recently, the possibility of utilization of biomass ash as fertilizer has attracted many researchers. 

Most of the studies focus on determining the nutrient content of biomass ash and the effect of ash on plant 

growth. In addition, biomass ash can improve soil characteristics such as soil pH for acidic soils and texture 

for heavy soils, thereby creating better conditions for soil microorganisms. Combining biomass ash with 

plant growth promoting (PGP) rhizobacteria may have good potential for soil remediation and for 

improving plant growth in poor soils. However, apart from the potential nutritional value, biomass ash may 

contain potentially toxic and dangerous elements. Therefore, the use of biomass ash should be adjusted in 

such a way as to ensure that toxic elements do not contaminate the soil and plants, and its nutrient content 

is balanced (Zhang et al. 2018; Brannvall et al., 2014). 

The main objective of this research was studying the possibilities of utilization of biomass ash 

obtained by combusting soybean post-harvest residues. The tasks included studying the effects of ash 

addition alone and in combination with Bacillus isolates and their effect on soil and barley (Hordeum 

sativum) quality. In addition, the plant growth promoting traits and the germination of inoculated barley 

seed with Bacillus isolates was examined. The main goal was to find an appropriate scheme for biomass 

ash utilization in order to improve the quality of soil and at the same time reduce the environmental problem 

of ash disposal.  
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Material and Methods 

Sample materials 

 

The biomass ash was collected after combustion of soybean biomass for energy purposes at the Agricultural 

Corporation PKB Belgrade. The content of nutritive elements (N, C, S, CaCO3, P2O5 and K2O), as well as 

the content of potentially toxic and hazardous microelements (PTE; As, Cd, Сo, Cr, Cu, Mn, Ni, Pb and 

Zn) in biomass ash were analyzed. The experimental soil was acidic and poor in nutrients Cambisol (WRB 

2015). The Bacillus isolates B1, BS1 and BMG1 used in this research were isolated form rhizosphere soils 

gathered from local grassland. Soil sample was diluted to 10-6, and heated on 80C during 15 min to isolate 

Bacillus spores (Buntić et al. 2019; Knežević 2019).  

 

PGP traits and seed germination 

 

Phosphate solubilization (insoluble) was tested using Pikovskaya medium (Rokhbakhsh-Zamin et al. 2011) 

and the appearance of halo zone around the colony (7 days, 28°C) was a positive test. Siderophore 

production was determined by Chrome Azurol S (CAS) Blue agar plate assay (Milagres et al. 1999). 

Bacterial cultures were spot inoculated onto plates, incubated (28°C, 5 days) in the dark and the appearance 

of yellow halo zone around the colony presented a positive test for siderophores production. The ability of 

bacterial isolates to produce indol-acetic acid (IAA) was tested in nutrient media enriched with 2 mg/mL 

tryptophan, based on the method previously described by Stajković et al. (2011). All tests were done in 

triplicate. 

The ability of Bacillus isolates to improve germination of barley seeds was performed in vitro on 

Petri dishes in a transparent sealed box in a light chamber programmed for a 16/8 h at 22C. An aliquot of 

1.0 mL of overnight bacterial culture (B1/BS1/BMG1) was added to the microtube with 20 seeds. The 

mixture was agitated and alfalfa seeds were placed onto filter paper in Petri dishes which previously 

moistened with 1 mL of sterile distilled water. The control sample consisted of barley seeds, without any 

bacterial treatment applied. The experiment was performed for one week in two independent repetitions 

and the results were averaged. The results were expressed by shoot and root length and final seed 

germination percentage (FG%) (Ali et al. 2015): 

FG(%) =
SGs

PStot
× 100                                                                  (1) 

where SGS is germinated seeds in samples and PStot is total planted seed. 
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Pot experiment 

 

The pot experimental scheme included seven treatments, each in three replications: 1.control – soil without 

any amendment; 2. control+CAN – 0.3 g CAN (CAN, calcium ammonium nitrate, with 27% of N); 3. ash 

(30 g/pot);  4. ash+CAN; 5. ash+B1;  6. ash+BS1; 7. ash+BMG1. Each treatment, including controls, was 

performed in a pot with 3 kg of soil. Every second day, each pot was weighed and watered if necessary to 

keep the 50% field moist capacity. In each pot 15 grains of barley was seeded. After germination the number 

of plants was reduced to 10 per pot. 1.0 mL of Bacillus overnight culture was added to treatments 5-7 two 

weeks after sowing. At the end of the experiment the soil was analyzed for the content of PTE and main 

agrochemical properties. Barley biomass in crop maturity stage was collected followed by determination 

of plant shoot dry weight (SDW) and the content of the same microelements and nutrients in SDW. 

 

Soil and plant sample analysis 

 

Soil pH was determined with a glass electrode pH meter in 1 mol L-1 KCl (pH KCl; in ratio 1:2.5 (w/v)) 

and in distilled water (pH H2O; in ratio 1:20 (w/v)) (SRPS ISO 11464:2004). The content of N and C (%) 

in the soil sample was measured on an elemental CNS analyzer (Vario model EL III -ELEMENTAL 

Analysis systems GmbH, Hanau, Germany) (Nelson and Sommers, 1996). Content of inorganic carbon 

(CaCO3) was determined volumetrically with a Scheibler calcimeter, whereas the total organic carbon (Ctoc) 

was calculated according to the equation: Ctoc = Ctot - CaCO3. Available P and K in the soil were determined 

by the Al-method (Riehm, 1958), where 0.1 mol/L ammonium lactate (pH = 3.7) was used as an extract. 

After extraction, K2O was determined by a flame emission photometry and P2O5 by spectrophotometer after 

color development with ammonium molybdate and SnCl2. Trace elements content in the soil was 

determined using inductively coupled plasma-atomic emission spectrometry ICP-OES (iCAP 6300 Duo, 

THERMO) after digestion of the samples with aqua regia according to SRPS ISO 11466. 

Samples of the plant material were dried and milled using grinding mill (Miller, 1998). Then after 

digestion with concentrated HNO3 and 30% H2O2, total trace elements and macroelements (K2O and P2O5) 

were determined with THERMO iCAP 6300 Duo ICP-OES. The total N and C contents were determined 

using elemental CNS analyzer, Vario model EL III (Horneck and Miller, 1997). 

 

 

 

Statistical analysis 

The effects of pre-inoculation of alfalfa seeds were evaluated by one way ANOVA followed by post hoc 

Duncan’s test to examine the differences between each treatment.   
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Results and discussion 

 

Isolates B1, BS1 and BMG1 belonging to the genus Bacillus according to the cell morphology and Gram 

staining (Gram-positive, rod-shaped bacteria, Figure 1). 

 
Figure 1.  Microscopic preparations of Bacillus isolates: a) B1, b) BS1, c) BMG1. 

 

The results of possession of PGP traits, such as siderophores, phosphate solubilization and IAA, are 

presented in Table 1. All isolates are capable to soluble phosphates, produce siderophores and IAA. The 

biggest yellow halo zone was given by isolate B1, while the BS1 isolate produced the most IAA.  

 
Table 1. Plant growth promoting traits of Bacillus isolates 

Bacillus isolate 
Siderophores 

(cm) 
Phosphate solubilization 

IAA* 

(µg/mL) 

B1 21±2.65 + 1.92±0.12 

BS1 7±0.87 + 5.93±0.22 

BMG1 1±0.50 + 
3.85±0.27 

(Buntić et al. 2019) 

*- in the presence of tryptophan (2 mg/mL) 

 

The effect of Bacillus isolates B1, BS1 and BM1 on barley seed germination parameters are presented 

in Table 2. All planted seeds germinated after inoculation with used inoculums while the final seed 

germination in non-inoculated control was 95%. 

Inoculated seeds by all inoculums improved seed germination as shown by longer shoot and root 

length. According to ANOVA analysis significant difference were observed between treatments for root 

(P˂0.001) and shoot length (P˂0.001) (Table 2). Compared to the control, all treatments significantly 

increased the length of root and shoot, according to the Duncan test. Treatment B1 had the greatest effect 

on stimulating seedling growth and increased root length by about 2.30 times and shoot length by about 

2.19 times, compared to the control sample. Improving seedling growth may be related to the ability of B1 

strain to produces IAA, siderophores and to solubilise phosphate. Several studies have shown that bacteria 

with these PGP traits could enhance seedling growth (Knežević et al. 2021; Pandey and Gupta, 2020). 
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Table 2. The effect of Bacillus isolates on the length of shoot and root of Hordeum sativum seed 

Seed treatment 

Parameters 

FG  

(%) 

Root length  

(cm) 

Shoot length  

(cm) 

Control 95 3.58±0.57c 4.25±0.41b 

B1 100 8.25±1.14a 9.30±0.66a 

BS1 100 7.85±0.83ab 9.05±0.69a 

BMG1  

(Buntić et al. 2019) 
100 7.50±0.76b 9.14±0.75a 

ANOVA  129.997*** 298.524*** 

FG-final seed germination percentage; Values present mean value with standard deviation followed by the same 

letter in the column are not significantly different (Duncan’s test, P<0.05). One-way ANOVA shows F-values; 

*** Significant at P<0.001.  
 

 

The agrochemical characteristic of experimental soil and biomass ash are presented in Table 3. 

Cambisol studied was acidic and poor with organic carbon while biomass ash characterized with alkaline 

soil pH and high content of K2O and P2O5. The content of N in the Cambisol was about two times lower 

than in the biomass ash. Content of potentially toxic microelements in the biomass ash (Table 6) were below 

of maximum allowed concentrations (MAC) and were comparable to the reported in Austria for most of 

the cases (Obernberger and Supancic, 2009). 

 

Table 3. Agrochemical properties of experimental soil and biomass ash 

 pH CaCO3 P2O5 K2O N content C content 

 H2O KCl % mg/100g % % 

Cambisol 5.5 4.3 0 2.8 12.3 0.12 1.38 

Biomass ash 12.6 12.6 0 526.30 5391.35 0.26 4.27 

 

After harvesting of barely the soil pH significantly increased due to addition of biomass ash (Table 

4). This increase was expected as shown by previous preliminary research (Saljnikov et al. 2018). In the 

control soils (control and control+CAN), the pH (in KCl and H2O) remained unchanged. The amount of 

plant available P and K in the control soils also remained unchanged, presumably because the amount of 

assimilated nutrients by plants was negligible to cause significant changes in these parameters. At the end 

of the experiments, the amounts of P2O5 and K2O in the ash-added soils significantly increased compared 

to the controls. With an increase in pH and a decrease in soil acidity, a large part of phosphorus was 

transferred from poorly soluble compounds to soluble forms (Sikirić et al. 2015; Stevanović et al. 2002; 

Dugalić et al. 2006). The highest amount of available P was obtained in the soils of the treatments with 

addition of Bacillus isolates, followed by ash and ash+CAN. The amount of available phosphorus increases 

as the soil pH decreases, which is observed in ash+BMG1 treatment (Table 4). This increase could be due 

to the solubilisation of insoluble phosphorus by Bacillus isolates (Table 1). Similarly, Cakmakci et al. 

(2007) noted same changes in the amount of available phosphorus and pH in soil after harvesting barley 
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that was inoculated with B. megaterium RC01 and Bacillus M-13. The content of total N did not change in 

the ash amended treatments compared to the control, while the content of total C was positively affected 

by addition of ash (Table 4). The highest significant increase in total C content was observed in Ash and 

Ash+BS1 treatments. The addition of fertilizer, as expected, led to an increase in the belowground and 

aboveground crop biomass, which contributed to the carbon stock in the soil. The biomass ash used 

contained 4.27% carbon the addition of which to the soil with 1.38% carbon resulted in a positive and 

significant increase in the total soil carbon. Saletnik et al. (2018) also found that addition of biomass ash 

combined with biochar fertilizer significantly increased total soil carbon compared to control. But the same 

authors reported that the total nitrogen content decreased significantly in all treatments compared to the 

control soil. In our study, the nitrogen content increased slightly in most of the ash amended and fertilized 

treatments, which indicates that the uptake of the soil mineral N by plants was replenished by the addition 

of fertilizer or ash and microorganism isolates. 

 

Table 4. Agrochemical characteristics of the soil after barley biomass harvest 

Treatment pH N content C content P2O5 K2O 

 H2O KCl (%) mg/100g 

Control 5.50c 4.33c 0.120ab 1.15b 2.79b 11.30b 

Control+CAN 5.50c 4.37c 0.122ab 1.26ab 4.34b 13.31b 

Ash 7.73b 7.48a 0.133a 1.27a 98.72a 281.40a 

Ash+CAN 7.88a 7.42ab 0.123ab 1.25ab 98.22a 256.20a 

Ash+B1 7.88a 7.48a 0.127ab 1.22ab 107.88a 284.90a 

Ash+BS1 7.72b 7.43a 0.130ab 1.27a 103.08a 261.43a 

Ash+BMG1 7.65b 7.30b 0.117b 1.15b 123.77a 303.93a 

The same letter within a column signifies non-significant difference (Duncan’s test, P<0.05). 

  

 The aboveground yield of barley significantly increased in ash-added treatments compared to the 

controls (Table 5 and Figure 2). The increase in the ash and ash+BMG1 treatments were 2.06 and 2.15 and 

1.88 and 1.96 times higher than in the control and control+CAN treatments, respectively. Inoculated 

treatments gave a higher barley biomass compared to ash+CAN treatment. The Bacillus isolates used had 

a stimulating effect on barley growth and increased the barley shoot dry weight. This is probably associated 

with the production of plant growth promoting substances by the isolates (Knežević et al. 2021; Cakmakci 

et al. 2007). In all treatments, the amount of P2O5 and K2O in the dry mass of barley shoot increased in 

comparison with the controls. In ash+BS1 and ash+BMG1, the increase was 1.95 and 1.58 times compared 

with the control, respectively. The content of N and C in dry mass of barley shoots was significantly higher 

in ash+B1 and ash+BS1 compared with the ash only treatment and the controls. The response of barley to 

these rhizobacteria could be related to mechanisms that do not involve direct fixation of N, such as 

interaction of plants and isolates in the utilization of nitrates from the soil and increasing the availability of 
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nitrogen for plants, as well as the production of hormones through which PGPR stimulates plant growth 

(Ozturk et al., 2003; Cakmakci et al., 2007). 

Table 5. Content of main nutrients in barley shoot dry weight (SDW) and biomass yield 

Treatment N content C content P2O5 K2O Biomass yield 

 (%) (mg/kg d.w. plant biomass) (g/pot d.w. plant) 

Control  1.34e 40.8a 4014f 33183g 3.96±0.30c 

Control+CAN 1.98c 39.4b 3583g 39129f 3.79±0.53c 

Ash 1.91d 39.6b 8425a 53703d 8.15±0.53a 

Ash+CAN 2.53a 40.0b 8313c 58135a 7.06±0.20b 

Ash+B1 2.08b 40.0b 8377b 54871b 7.24±0.12b 

Ash+BS1 2.04bc 39.8b 7833e 53875c 7.38±0.61ab 

Ash+BMG1 1.86d 39.4b 8152d 52499e 7.43±0.50ab 

The same letter within a column signifies non-significant difference (Duncan’s test, P<0.05). 

 

 

Figure 2. Pot experiment-barley plants at harvest stage: Comparison of ash treatment with: a) Control and Control 

CAN and b) Ash+CAN and Ash+BMG1treatments 

 

The presence of trace elements in the biomass ash, soil and post-harvest plant is presented in Table 

6. The solubility of most trace elements decreases in an almost neutral and alkaline substrate after adding 

ash to the soil (Sherene, 2010). At the end of the experiment, concentration of As, Cd, Cr, Cu, Ni, Pb, Zn, 

Mn and Co in the treatments and control soils was lower than the maximum allowed concentrations (MAC) 
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(Official Gazette of the Republic of Serbia No 23/94; Schulin et al., 2010; Adriano, 2001). The 

concentration of Cu was higher in the soils and plants of the treatments than in the corresponding controls. 

The observed changes in the content of copper in soil and plants were associated with changes in soil pH 

after ash addition. At higher pH, Cu can be transformed into a more readily available plant form (Saljnikov 

et al. 2018, Cuske et al. 2013). There was observed an increase in the concentration of Cd, Cr, Cu and Mn 

in the treatment plants in comparison with the control. However, the content of trace elements in the plant 

samples did not exceed the MAC for feed (Official Gazette of the Republic of Serbia No 4/2010-30, 

113/2012-11, 27/2014-17, 25/2015-85, 39/2016-41, 54/2017-29, Simić et al, 2015; Jakšić et al. 2013). 

Furthermore, this implies that the microorganisms used did not affect the higher uptake of trace elements 

by plant tissues. 

 

Table 6. Content of trace elements in the experimental soil and plant after the harvest 

Treatment As Cd Co Cr Cu Mn Ni Pb Zn 

mg/kg d.w. soil 

Control 6.89 0.30 13.8 39.0 16.9 664 32.4 20.4 23.5 

Control CAN 6.38 0.29 13.2 38.2 16.2 640 31.6 19.8 23.2 

Ash 6.68 0.32 12.5 36.5 18.9 620 31.3 19.3 21.6 

Ash+CAN 6.69 0.32 12.7 37.0 19.5 626 31.7 19.3 21.8 

Ash+B1 6.74 0.33 13.2 36.8 19.7 649 32.0 19.9 23.4 

Ash+BS1 6.97 0.32 12.9 37.5 19.4 640 32.4 19.7 18.0 

Ash+BMG1 6.78 0.32 12.9 37.6 19.58 645 32.5 19.8 18.3 

mg/kg d.w. plant biomass 

Control ˂MDL 0.31 0.04 1.47 6.06 72.8 1.19 0.46 35.1 

Control CAN ˂MDL 0.45 0.04 2.20 6.31 89.7 1.49 0.80 54.6 

Ash 0.01 0.42 0.06 1.55 7.22 85.6 1.08 0.79 32.0 

Ash+CAN 0.01 0.39 0.05 1.77 8.25 89.5 0.94 1.00 38.2 

Ash+B1 0.01 0.42 0.05 1.50 8.10 94.1 1.04 1.07 35.9 

Ash+BS1 0.03 0.38 0.08 1.99 7.52 91.7 1.04 0.83 33.1 

Ash+BMG1 0.03 0.33 0.06 1.69 7.14 85.7 1.06 0.63 30.6 

mg/kg d.w. ash 

Biomass ash* 0.56 1.59 2.81 10.8 140 299 26.3 3.35 269 

* biomass ash after combustion of soybean residues. MDL-method detection limit  

   

Conclusions  

The use of biomass ash alone and in combination with three Bacillus isolates resulted in increased barley 

yields as well as improved soil and plants quality. The addition of biomass ash studied leads to an increase 

in soil pH and therefore can be used as fertilizer on acidic soils. The content of trace elements did not exceed 

the maximum allowed concentrations for both soil and plants.  Moreover, ash contributed to an increase in 

the yield, the content of phosphorus and potassium in barely. In addition, the use of combinations of ash 

and microorganisms such as isolates Bacillus sp. B1 and Bacillus sp. BS1 improved the quality of the plants 

in terms of nitrogen and carbon content. This preliminary pot experiment shows that the synergistic effect 
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of biomass ash and the microorganisms studied can provide green farming approach to reduce the need for 

chemical fertilizers and improve the quality of crops. Further research on a field scale is needed to validate 

the results of the preliminary pot-experiment. 
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Izvod 

Primena pepela dobijenog sagorevanjem biomase u poljoprivredi može imati niz prednosti kao što su 

poboljšanje kvaliteta zemljišta i ekološko odlaganje pepela. Štaviše, u kombinaciji sa mikrobiološkim 

inokulantima, pepeo može pozitivno da deluje na rast bijaka. Ova studija istražuje efekat pepela i tri 

inokulanata izolata Bacillus-a na kvalitet zemljišta i ječma. Eksperiment u stakleniku sa saksijama je 

uključio pet tretmana i dve kontrole: zemljište bez dodataka i sa dodatkom mineralnog đubriva (krečni 

amonijum nitrat, KAN). Tretmani su uključivali zemljište (3 kg/saksiji) i pepeo (30 g/saksiji) sa ili bez 

dodatka KAN-a ili sa dodatkom bakterijskog inokuluma. Pepeo je prikupljen nakon sagorevanja sojine 

slame. Bacillus-i su izolovani iz rizosfere lucerke. Prisustvo PGP osobina (indol-3-sirćetna kiselina i 

siderofore) za tri Bacillus izolata (B1, BS1, BMG1) potvrđena je kvantitativnim testovima. Uzorci pepela, 

zemljišta i biljka su analizirani: ukopan N, C, S i dostupi P2O5 i K2O, kao i sadržaj potencijalno toksičnih i 

opasnih mikroelemenata (As, Cd, Сo, Cr, Cu, Mn, Ni, Pb, Zn). Inokulacija semena sa Bacillus inokulumima 

(in vitro) pokazala je značajan efekat na rast klijanaca u poređenju sa neinokulisanom kontrolom. Dodatak 

pepela je značajno redukovao kiselost zemljišta i povećao sadržaj dostupnog fosfora i kalijuma u poređenju 

sa kontrolama, dok je kombinacija pepela i mikoorganizama povećala sadržaj fosfora u pređenju sa 

tretmanom gde je korišćen samo pepeo. Prinos biomase ječma je povećana duplo kada je tretirana pepelom 

i do 87.62% kada je tretirana sa pepelom+BMG1 u poređenju sa kontrolom. Najniži prinos je dobijen u 

tretmanu gde je korišćen samo KAN. Sadržaj potencijalnih toksičnih mikroelemenata u zemljištu i ječmu 

bio je ispod makismalno dozvoljenih koncentracija. Primena samo pepela je bila efikasna u pogledu 

hranljivih i fizičkih osobina zemljišta što je rezultiralo povećanju prinosa ječma. Međutim, primena pepela 

u kombinaciji sa izolatima Bacillus-a je dodatno pozitivno uticala na kvalitet zemljišta i biljke, što je dovelo 

do povećanja prinosa ječma u pređenju sa pepelom i KAN-om u kombinaciji. Ova studija je pokazala da 

pepeo biomase može da se koristi kao đubrivo u kiselim zemljištima sa niskim nutritivnim sadržajem sam 

ili u kombinaciji sa bakterijskim inokulantima. Zajednički efekat pepela i mikroorganizama može 

obezbediti ekološki pristup u poljoprivredi kako bi se smanjile potrebe za hemijskim đubrivima i rešili 

problemi odlaganja pepela. 
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