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Phosphorus is essential nutrient element for plants, which deficiency decrease crop yield. From 
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Introduction 

Nowadays society is faced with high demand for agricultural product to satisfy current 

population of our planet. The aim of nowadays agricultural in competitive market society is 

to increase productivity, increase yield and low down costs, providing goods which 

consumption does not affect health and environmental issues. The society is interested to 

accomplish such agricultural systems, which allowed avoid facing with trade off effects in 

environment, both local, as water eutrophication, and global as climate change. The society 

is interested to implement such methods of agriculture, accomplishing which will provide 

sustainability, that that humanity would live successfully for generations For that purposes 

agricultural scientist payed more attention to mineral fertilization, including phosphorus, its 

efficient use, and implement methods to activate phosphorus resources in the soil. 

Phosphorus as macroelement plays vital role in agriculture. The phosphorus itself is goodly 

research chemical element, but nowadays agricultural situation shows that there are plenty 

things for researches left. Because the usual phosphorus fertilizer both organic, as manure, 

composts, digestate etc. and mineral phosphorus is not still effectively used. Nowadays 

practices as cultivating, plowing etc. cannot still enrich needed point, where given by human 

phosphorus is equal to which was taken out by harvest. By Liebig discovered in XIX 

centuries theories of minimum and nutrient cycle, all the nutrients which is removed by 

harvest should be provided to the soil in advance; but in fact, not all given phosphorus to 

soil is used by plants and still accumulates and leaches out, which means extra losses to 

farmers. 

While scientists are faced with such problem, some companies offer bacterial fertilizer, as 

Fosfix and NPK Magic etc. It looks quite attractive and perspective that their products 

convert unavailable phosphorus to available, they are appearing in Estonia market only now, 

and there are good field of research. For usual farmers this fertilizer looks attractive, because 

it is simply to handle, can be added as a mixture together with herbicides to the soil by 

standard spraying. 

The aim of this work is to research bacterial fertilizer effect to phosphorus availability in the 

soil and phosphatase activity. Our hypothesis is to research the effect of bacterial fertilizer 

Bacillus megatherium var. Phosphaticum to phosphatase activity and phosphorus 

availability compared with control lots, and our expectation is to find positive result. 



During this work, we will search correlation between this product and availability of 

phosphorus to plant by modified Tabatabai and Bremner method with nitrogen fertilizing 

background. 

Our research group made two-year field experiment with bacterial fertilizer (Bacillus 

megatherium var. Phosphaticum). Research was made on Eerika research field by Estonian 

University of Life Sciences, Institute of Agricultural and Environmental Sciences, 

Department of Soil Science and Agrochemistry. 

 

 

  



1. Literature review 

1.1 Phosphorus in soil 

Phosphorus is well-known chemical element in agricultural fertilizing as macroelement, in 

a whole plant dry weight is about 0,1…0,3% of it (Toomsoo 2010). Practically farmers with 

modern technologies know the season and the amount of phosphorus fertilization. There was 

also discovered the consequences and symptoms of its deficiency to the plants, such as 

prolonging period of growth and maturity in cereals. When plants have phosphorus 

deficiency, they stop growing, shoots become thinner and shorter, lateral buds are not blown 

and die, tips of the leaves turn red or brown, fruits ripen slowly change their shape (Bio 

Energy LT). For animal husbandry phosphorus is also important as essential component of 

bones, DNA, RNA and nucleotides. 

Because of its to slow diffusion and high fixation in soils, P can be a major limiting factor 

for plant growth (Heuer et al. 2017). Due to using chemical P fertilizers and animal manure 

to agricultural land have improved soil P fertility and crop production, but caused at the same 

time environmental damage (Vitousek et al. 2009; Ziadi et al. 2013). One of conclusion is 

maintaining a proper P-supplying level at the root zone, maximize the efficiency of plant 

roots to mobilize and acquire P from the rhizosphere. These strategies play vital role in the 

determination of final crop (Shen et al. 2011). 

Soil P exists in various chemical forms including inorganic P (Pi) and organic P (Po). 

Practically, farmers could count only for 15…20% (Toomsoo 2010) of its reserved to be 

used by vegetation, the rest part should be provided by fertilization, which could not provide 

enough efficiency of its use (Shen et al. 2011) 

Pi vary from 35% to 70% of total P in soil, and are in forms of minerals apatites, strengite, 

variscite, phosphorite etc. They are very stable, and the release of available P from these 

minerals by weathering is generally too slow to meet the crop demand (Shen et al. 2011). 

 Phosphates present in minerals with cations of calcium (Ca), iron (Fe), and aluminium (Al) 

and their dissolution rates vary depending on size of mineral particles and soil pH. Also, P 

can be adsorbed on the surface of Ca carbonate and clay minerals (Shen et al.2011). 

Phosphate can precipitate with Ca, generating dicalcium phosphate that is available to plants, 

but can be transformed into more stable forms such as octocalcium phosphate and 

hydroxyapatite, which are less available to plants at alkaline pH (Shen et al. 2011). 



Po content vary from 30% to 65% of the total P in soils. It mainly exists in stabilized forms 

as inositol phosphates and phosphonates, and active forms as orthophosphate diesters, labile 

orthophosphate monoesters, and organic polyphosphates (Shen et al. 2011). 

 The Po can be released through mineralization processes mediated by soil microorganisms 

and plant roots in association with phosphatase secretion. These processes are highly 

influenced by soil moisture, temperature, surface physical-chemical properties, and pH. 

(Shen et al. 2011).  

Phosphorus as element for plant vegetative growth could not be watched separately from 

plant itself and rhizosphere. Rhizosphere plays vital role to connect living and nonliving 

nature. Practically it could also be found as the other elements, that deficiency of elements 

could affect leaves colors depends on element abilities of dislocation.  

1.2 Phosphorus and soil microorganisms. 

Soil is a complex ecosystem in which the combination of insects, nematodes, annelids 

vegetation, microorganisms, and anthropogenic modifications will determine its 

characteristics (Astover et al. 2012). Management of agricultural systems also contributes to 

soil characteristics and can affect soil quality in the long term by modifying soil physical, 

chemical, and biological characteristics at a rate that is largely dependent on climate 

conditions and farming practice (Purcene et al. 2014). 

Bacteria were found to be more active than fungi and actinomycete in conversion of 

insoluble P to soluble P (Alam et al. 2002). In his research he discovered that Bacillus 

megatherium var. Phosphaticum were more active than Aspergillus clavatus , Aspergillus 

niger, Penicillium canescens etc. The amount of them are more such as Pseudomonas 

trivialis, Pseudomonas poae, Pseudomonas fluorescens, Pseudomonas spp, Enterobacter, 

Arthrobacter, Rhodococcus erythropolis, Arthrobacter sp, Arthrobacter ureafaciens, 

Serratia marcescens, Chryseobacterium, Phyllobacterium myrsinacearum, Enterobacter 

intermedium, Bacillus amyloliquefaciens etc. 

 At the same time, we should not forget that all the microorganisms are in strong competition 

with each other in the soil, and for surviving of each group must be different conditions in 

case of moisture, pH etc.  

Decomposition, which is provided by microorganisms, is the main process responsible for P 

release from soil organic matter (SOM). Additionally, P is released from SOM through 



biochemical mineralization, where roots and microorganisms selectively release P through 

the production of ester-hydrolyzing enzymes, often called phosphatases (Shneider et al. 

2008). This process take place by exo-osmose to absorb both energy and nutrients 

(Nannipieri et al. 2012). 

In addition, some authors claim, that phosphatase has capacity to convert not only organic 

source of phosphorus, but inorganic unavailable phosphorus forms as well. Phosphatase 

convert it to soluble forms HPO42- and H2PO4- through the process of organic acid 

production, chelation and ion exchange reactions and make them available to plants. It might 

make thinking that there are some variety of phosphatase which could convert Pi as well 

(Mohhamadi and Sohrabi 2012). 

Biomass and enzymes present in soil are responsible for several chemical reactions such as 

nutrient cycling and the physicochemical characteristics of this environment. The activities 

of enzymes in soil have been correlated with plant growth and are reported as a useful tool 

to measure soil fertility. In addition, enzymes are sensitive to environmental changes and are 

more effective than microorganisms as bioindicators because <1% of microorganisms can 

be isolated from soil. Both acid and alkaline phosphomonoesterases can be found in soils 

with pH medium (Purcena et al. 2014). 

It was searched that plants and microorganisms release enzymes phosphatase when P is the 

most growth-limiting element (Shneider et al. 2008). The same was mentioned in African 

experiment. These results clearly demonstrate the preferential utilization of available P, to 

produce enzymes. When a resource e.g. P in volcanic ash soils, is limiting, microbes may 

benefit from producing enzymes to obtain it. Therefore, investment in enzymes becomes an 

inexpensive means of extracting additional resources from the soil. After 60days, 

phosphatase activity dropped by almost a half in these soils. Phosphatase activities have been 

reported to coincide with microbial biomass and general activity of microorganisms 

(Mganga et al.2015)  

However, the efficacy of these phosphohydrolases can be altered by the availability of 

substrate, interactions with soil microorganisms, and soil pH, depending on soil physical and 

chemical environments (Shen et al. 2011). 

 



1.3 Phosphorus enzymes (phosphatase). 

It is very interesting question related with phosphorus enzymes, because this topic attracted 

many scientist in past century from 1950th and its amount grows (Figure 1). 

 

 

Figure 1. Research activities measured by scientific publications from 1960 to 2009. This 

analysis was based on the ISI Web of Science database search in May 2009 using the 

keywords: “microorganisms and fertilizer use efficiency” (Adesemoye A. & Kloepper J. 

2009). 

However, there are shortage of data about microbial fertilizer and phosphatase activity. 

There are researches about microbial fertilizer and its effect on crop, but not about 

phosphorus availability, what gives our research worth. 

1.3.1. Methodology for phosphatase research. 

Nowadays is used the simplest and most frequently applied methods to measure acid 

phosphatase activity (APA), discovered by Tabatabai and Bremner in 1969 which uses p-

nitrophenyl phosphate (pNPP) as the substrate. The p-nitrophenol (pNP) formed after 

hydrolysis by APA in a soil is subsequently extracted with sodium hydroxide (NaOH) and 

is then measured spectrophotometrically at 400 nm under alkaline conditions. Unfortunately, 

this original method cannot provide right results in organically rich soils, which often also 

have high proportions of Po, NaOH solution also extracts high amounts of organic carbon 



(C), interfering with the detection of p-nitrophenyl (pNP). That was the reason of searching 

alternative methods to find modified method to use with rich in organic soils, in wetlands 

and forest soils (Shneider et al. 2008).  

In last century 1970th that method undergo many modifications by its creator, and still 

authors had different opinion of arranging experiment. But still as main reactant used pNPP, 

which is hydrolysed to p-nitrophenol (pNP), which is usually determined 

spectrophotometrically at 400 nm under alkaline conditions (Nannipieri et al. 2011). The so-

called physiological response method is based on the measurements of enzyme activities and 

microbial biomass of soil during the period when microbial growth is stimulated by adding 

glucose and a nitrogen source to soil (Nannipieri et al. 2011). 

Acid phosphatases dominate in soils with a low pH, whereas alkaline phosphatases are 

dominant in soils with a higher pH (Shneider et al.2008). The research method provides 

results with both activities, as acid as alkaline. 

The presence of alkaline phosphatase AkP in the tested soils demonstrated also the 

importance of the soil particle size for alkaline phosphatase AcP and AkP, because according 

to principal compound analysis clay size particles are closely related with the enzyme 

activity because these particles support enzyme immobilization, contributing to the 

maintenance and protection of enzyme structure and activity, which also explains the 

presence of AkP on these soils because they do not offer favorable pH conditions for its 

secretion and hydrolysis. (Purcena et al. 2014) 

Ohmura and Hayano (1986) showed that the optimum pH of phosphodiesterase activity of 

15 soils ranged from 4.5 to 9.5, a broader pH optimum than that suggested in the assay by 

Browman and Tabatabai (1978). In addition, the enzyme activity was significantly correlated 

with soil pH (Nannipieri 2011). Latin authors say that optimum pH is 5,0 (Purcena et al. 

2014). 

However, researches provided by Chinese professors says, that pH is not significant 

correlated for phosphatase activity and plant growth performance in acidic or calcareous 

soils. It means that phosphatase activity is not key factor to provide vegetative growth. (Shen 

et al. 2011). 

Cultivation is not affected phosphatase activity as well (Purcene et al. 2014). Brazil result is 

that there was no difference of AkP activity between the cultivated areas and native soils, 



which suggest that management does not affect AkP activity. (Purcena et al.2014.) But the 

experiment provided in Kilimanjaro, African Savannah, showed contradictional results, that 

arable soils in Kilimanjaro volcanic soils concedes compared with forest soils (Mganga et 

al.2015). 

Another important observation is that the managed soils in organic farming and convectional 

farming did not favor any of the phosphatase forms (AcP and AkP) because the soil pH of 

organic management and conventional management is higher than the optimum pH for AcP 

and lower than the optimum pH for AkP, compromising enzyme synthesis in these soils. 

(Purcena et al. 2014) 

1.3.2. Practical experiments. 

There was made practical experiment in India, Tamil Nadu Rice Research Institute (TRRI), 

to search the effect of biofertilizers on growth and yield of green gram (Vigna radiata). It 

shows that the application of microbial inoculants of biofertilizers namely Rhizobium 

leguminosorum, Bacillus megaterium and Bacillus mucilaginosus increase biomass and 

yield of green gram. There increase was in number of pods per plant (14.3%), number of 

seeds per plant (34%), weight of pods per plant (36%), weight of seeds per plant (42%) and 

100 seeds weight (16%). It is also showed beneficial effect in black gram, groundnut and 

other pulses crops (Rajesh et al.2013). 

The other experiment provided in India with sugar cane shows that microbial fertilizer could 

reduce the amount of phosphate added by 25% (Table 2). Also, they proved that half of 

added phosphate phosphorus could be replaced by raw phosphorus (Sundara et al. 2002). 

Producers of biofertilizers such as Bio Energy, provide bacterial fertilizer to farmers. Some 

of them are nitrogen fixing bacteria Azotobacter, phosphorus solubilizing bacteria Bacillus 

meghaterum var. Phosphaticum. The norm of microorganisms the recommend to use is 

1liter/ha, 10^9 microorganisms in each ml, so overall 10^12 microorganisms per hectare. 

Producers had made their own experiments, and they discovered that injection provides 13% 

yield increase compared with control lot in their experiment. Injection is easy to handle, 

could be mixed with all kinds of pesticides and fertilizers.   



2. Material and method 

This research is experiment based, which was provided by Estonian University of Life 

Sciences, by Institute of Agricultural and Environmental Sciences by Department of Soil 

Science and Agrochemistry.  

2.1 Field work. 

The long term IOSDV (Internationaler Organischer Stickstoff-Dauerdüngungs-Versuch) 

field experiment located near Tartu, Estonia (N 58°22′19″, E 26°39′53″) was established in 

1989 (Photo 1 watch appendices). The soil according to the WRB classification (2006) is a 

Stagnic Luvisol, and by texture a sandy loam: 57.86% sand (>0.063 mm), 33.58% silt 

(0.002–0.063 mm) and 8.55% clay (<0.002 mm). The three-year crop rotation includes: 

potato (Solanum tuberosum L.), spring wheat (Triticum aestivum L.) and barley (Hordeum 

vulgare L.) (Photo 1.). 

 

Photo 1. Photo of trial field, and dislocation of experimental lot in 2016. 

 

Long-term experimental factors are 1) mineral nitrogen fertilizers (0, 40, 80, 120 and 160 kg 

N/ha) and 2) organic fertilizers (without, solid cattle manure or alternative organic 

fertilizers). 

In current thesis were included only alternative organic fertilizer treatment in plots where 

was applied bacterial fertilizer „Fosfix“  Bacillus megatherium var. Phosphaticum in 2015 

and 2016. All treatments were in three replications. Bacterial fertilizer was added together 

with nitrogen fertilizer N120 and N0.  



Overall 3 repeat, each of had control plot, Fosfix only 2015 (to control aftereffect), Fosfix 

only in year 2016, and Fosfix both years 2015&2016, and all that with N0 an N120 

background.  

In 2015 sowed summer wheat in 30th of April 2015, sort “Quarna”. Fosfix fertilizer was 

given 20th of May with norm 1 liter/ha. 

In 2016 sowed barley in 3rd of May 2016, sort “Hyva”. Fosfix was sprayed first in 26.05.2016 

with norm 1 liter/ha, and second time in 17.06.2016 with norm 1 liter/ha before tillering 

stage and stem elongation. Compared with 2015 spraying was provided crosswise manner. 

Field plot was arranged in manner that we could compare effect of Fosfix fertilizer in 

correlation with nitrogenous fertilizer, and watch its straight and aftereffect.  

2.2 Soil sampling and laboratory analysis 

2.2.1. Soil sampling. 

The soil samples were gathered at the end of vegetation period in 1st of November 2016 and 

stored in plastic bags, stood in the opened area for two days (under cover), and then 

successfully transported to laboratory refrigerator, and stored till successful use. 

Before using any soil sample in laboratory, the soil from plastic bags was sifted (3 mm) and 

clean from foreign matter, and returned. 

For characterization of used lots was additionally discovered soil pH and contents of plant 

available phosphorus. 

2.2.2Laboratory experiments 

2.2.2.1. pH measurement 

The pH was determined in the suspension of soil with 1M KCl using the pH meter Mettler 

Toledo Seven Easy.  

2.2.2.2.Available phosphorus measurement 

The plant available phosphorus was extracted according AL method (Egner, 1954) and 

determined with MP-AES spectrometer Agilent 4100. The results were implemented in 

Table 2. 

2.2.2.3.Phosphatase activity measurement 

The phosphatase activity was determined according the method described by Tabatai and 

Bremner (1969). Soil phosphatase activity was determined in a spectrophotometric assay by 

quantifying the p-nitrophenol released from p-nitrophenolphosphate substrate in buffer 

solution. 



Step 1. 

From each plastic bag was randomly selected 4 samples by 1g in each. The sample was 

weighed into 50 ml plastic test tube on the analytical balances Mettler Toledo 

XS105DualRange. Four samples was divided into 3 analytical samples and 1control sample. 

In parallel a control sample without p-nitrophenolphosphate were assayed for each soil 

sample to correct background coloration. To weighed soil samples into test tubes the next 

reagents were added: 

 

3 analytical samples  - 4ml buffer+1ml pNPP solution 

1 control sample  - 5ml buffer solution 

 

Step 2. 

For reaction of phosphatase enzymes with p-nitrophenolphosphate the incubation period 1 

hour was used. The incubation was provided in incubator at temperature 37oC. Immediately 

after incubation the reaction was stopped with adding 1ml 0,5M CaCl2 and 4 ml 0,5M 

NaOHsolutions.  

 

Step 3. 

For clarifying the suspension after incubation and termination of reaction the centrifugation 

of samples during 5 minutes at 7000 rpm at temperature 23oC was provided. For 

centrifugation centrifuge Eppendorf 5810R was used. After centrifugation the samples was 

pipetted carefully (to avoid soil particles get into samples) into 15 ml plastic centrifuge tubes 

and stored hermetically in fridge at temperature +4oC for 24 hours. Such delay was caused 

by technical issues. 

Step 4. 

For the quantification of p-nitrophenol in the sample extracts the spectrophotometrical 

method was used. Procedure was provided by microplate reader ClarioStar (BNG Labtech) 

Phosphatase activities were measured from the release of p-nitrophenol during reaction and 

expressed as μg p-NP g-1h-1. 



2.2.3. Data analysis 

We performed two-factorial (mineral nitrogen – 0 and 120 kg N/ha; bacterial fertilizer – 

control, used in 2015, used in 2016 and used in 2015 and 2016) ANOVA with co-variates. 

Additionally, we tested linear Pearson correlation between soil phosphatase activity and 

selected soil parameters. All statistical analyses were carried out using the statistical software 

R-Studio version 0.99.491 (RStudio Team 2015).  

 

  



3. The results and discussion 

Enzymatic activity was not influenced by neither mineral nitrogen (F=0.04; p=0.85) or 

bacterial (F= 0.85; p=0.49) fertilizers or co-effect of mineral and bacterial fertilization 

(F=0.86; p=0.48). The highest phosphatase activity was in control plot where neither mineral 

neither bacterial fertilizer were added (Table 3; Figure 2). The lowest pNP value were found 

with bacterial fertilizer after-effect with the use of 120 kg N/ha. There is no significant 

differences in phosphatase activity due to the mineral fertilization (Figure 3). Two-year 

bacterial fertilization show lower values than it aftereffect in N0; they were both lower than 

control plot. The aftereffect in N120 shows the same in case of control N120 plot. The 

explanation which comes is that the plots for experiments were with different historical 

background and there might be appearing long-term fertilizing aftereffect. In our experiment 

conventional agro-technology with the use of pesticides can be also one reason of 

insignificant differences in phosphatase activity. Review study by Riah et al. (2014) 

concluded that the use pesticides can decrease or increase soil enzymatic activity (including 

phosphatase).  

 

 

Table 3. The averages results of phosphorus in the soil (mg/100 g), soil pH and 

phosphatase activity (pNP ug/h). N0 – no nitrogen fertilizer, N120 – 120 kg of nitrogen 

 

 Fosfix added 

years 

P (AL)  

mg/100g 

pH pNP (ug/h) 

 

 

N0 

Control 9,47 6,64 28,07 

2015 7,36 6,69 22,07 

2015&2016 7,53 6,71 19,37 

2016 9,28 6,61 26,00 

 

 

N120 

Control 11,16 6,72 22,80 

2015 10,70 6,92 18,37 

2015&2016 10,91 6,91 26,13 

2016 11,03 6,78 26,00 

 



 

 

 

Figure 2. The effect of fertilization to phosphatase activity and phosphorus content in the 

soil.  

N0 – no fertilizers; N120 – 120 kg N/ha; …P15 – bacterial fertilizer in 2015; …P15_16 – 

bacterial fertilizer in 2015 and 2016; …P16 – bacterial fertilizer in 2016. 

 

 

Figure 3. Phosphatase activity depending on mineral nitrogen fertilization (average all 

bacterial fertilization levels). 

 

Soil phosphorus is influenced by mineral nitrogen treatment (F=19.86; p<0.000) but not by 

bacterial fertilizers (F=1.30; p=0.31) or co-effect of mineral nitrogen and microbial 

fertilization (F=0.69; p=0.57). We could see that plots with mineral fertilizers have higher 

available phosphorus content compared with plots with N0 (Figure 4). Higher soil P value 



in N120 plots can be explained by the long-term fertilization differences and thus P-balances 

since begging of experiment in 1989 (Teesalu et al. 2006; Szajdak et al. 2006). Effect of 

nitrogen fertilizer to the soil phosphorus cannot be direct and this leads to conclusion that 

previous years added fertilizers has still aftereffect, and it is possible because the duration of 

this experimental treatments is only two years. Practically is well-known fact that 

phosphorus has high fixing capacity, and could be stored and cause fertilization aftereffect 

(Shen 2011). This argumentation can also proved by Table 3 and Figure 2, where we see that 

both phosphatase activity and phosphorus availability are smaller in plots N0P15 and 

N0P15_16. From this we could suggest that this plots with lower soil P content have also 

reduced phosphatase activity.  

 

 

Figure 4. Soil phosphorus content depending on mineral nitrogen fertilization (average all 

bacterial fertilization levels). 

 

 

Correlation between soil P content and phosphatase activity was very weak and not 

significant (p=0.47). Still general trend of this correlation is positive (Figure 5). Luiza et al. 

(2014) have shown that phosphatase activity is good tool to measure phosphorus availability, 

which also means that this could be valuable tool to measure soil fertility. 

 



 

Figure 5. Correlation between phosphorus availability and phosphatase activity. 

 

Luiza et al. (2014) and Nannipieri et al. (2011) have demonstrated that phosphatase activity 

is influenced by soil pH and its optimum has direction to pH=5. We could not find significant 

correlation of pH and phosphatase activity in our experiment (Figure 6). Reason can be that 

soil pH was in quite narrow range from 6.35 to 6.9. The soils with more acidic pH might 

have more profound effect of P-solubilizing bacterial fertilizer to enzymatic activity.   

 

 

Figure 6. Correlation between phosphatase activity and soil pH. 



 

During this work we disproved our hypothesis, and we discovered that in this soil within two 

year period the of use bacterial fertilizer (Bacillus megatherium var. Phosphaticum) did not 

influenced phosphatase enzyme activity. 

  



Conclusion 

Bacterial fertilizer Fosfix (Bacillus megatherium var. Phosphaticum) did not affect neither soil 

phosphorus content neither phosphatase activity.  

Bacterial fertilizer effect to soil phosphorus content and enzymatic activity was independent 

on mineral nitrogen fertilization. 

Soil phosphorus content was higher in mineral fertilized plots. It’s rather result of long-term 

residual effect and differences in fertilization during last 25 years and not directly related to 

fertilization treatments in studied years.  

We could not find significant influence of soil pH or soil P content to the phosphatase 

enzyme activity.  

Our study shows there is still need for more studies and evidence how phosphorus enzymatic 

activity could be used as valuable key for estimating soil fertility and to increase availability 

of soil phosphorus reserves with help of bacterial fertilizers. 

 

 

 

Kokkuvõtte 

Nii bakterväetise kui ka mineraalse lämmastiku kasutamisel puudus usutav mõju 

fosfataasensüümi aktiivsusele. Bakterväetise mõju ensüümiaktiivsusele ei sõltunud 

mineraalse lämmastiku kasutamisest. 

Mulla fosforisisaldus oli usutavalt suurem mineraalväetisega katsevariantidel. See on nii 

pigem pikaajalisest väetamise ajaloost ja järelmõjust tulenev, kui et kõnealuste katseaastate 

(2015–2016) väetisvariantidest tingitud erinevus. Bakterväetiste kasutamine ei mõjutanud 

usutavalt mulla AL fosforisisaldust.  

Vastupidiselt varasematele uuringutele ei leidnud me, et mulla pH ja P-sisaldus oleks 

usutavas korrelatsioonis fosfataasensüümi aktiivsusega. 

Meie katses ei leidnud püstitatud hüpoteesid kinnitust ning vaja täiendavad uuringuid 

bakterväetiste mõjust mulla fosforiringele ning et mis määral saab mulla fosfataasensüümi 

aktiivsust kasutada mullaviljakuse parameetrina.  
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