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Problem statement. The biogas slurry formed after
anaerobic fermentation of animal feces contains a large
amount of nutrients such as nitrogen, phosphorus and
potassium, as well as a variety of trace elements such
as iron, zinc and manganese. Therefore, returning bio-
gas slurry to the field is conducive to improving soil fer-
tility improving soil environment [1] and crop yields [2].
Soil enzymes are biocatalysts in the process of organic
matter cycling in the soil and can participate in the
decomposition of organic matter, nutrient cycling, resid-
ual degradation and other processes in the soil [3—4].
Application of mineral and organic fertilizers, biochar,
ameliorants, plowing of plant residues, irrigation and
other factors affect the biological activity of the soil,
changes the content of nutrient fractions [5; 6].

Toxic polluting elements, a change in the pH of the
soil environment leads to a change in phosphatase
activity [7; 8].

Applying manure increases the activity of acid and
alkaline phosphatase, but at high rates, an increase in
the activity of nitrogenous biota and acid phosphatase
can be observed. Liming stimulates the growth of alka-
line phosphatase activity and suppression of acid [9; 10].

Jager E.A. et al. (2023) obtained in their research,
that “no connection between N fixation rates and phos-
phatase activity” [11]. Conducting organic farming
compared to traditional farming shows an increase
in microbiological activity, and in particular, alkaline
phosphatase [12—-14]. Digestate is a multicomponent
fertilizer. Research on the effect of digestate on the
enzymatic activity of the soil, in particular, phosphatase
activity, is currently limited, and this is promising in the
future for the optimization of phosphorus nutrition of
plants [15].

Keane et al. (2020) noted that the activity of acid
phosphatase doubles with the addition of nitrogen fer-
tilizers compared to the addition of phosphorous [16].
Meta-analysis by Janes-Bassett et al. shows the lack of
data on phosphatase activity on different backgrounds,
with different application of organic and mineral fertiliz-
ers, by vegetative plants [17].

The purpose of this paper is a short review about
the influence of fertilizers and plants on phosphatase
activity in the soil, the reasons for the inhibition of alka-
line and acid phosphatase.

Analysis of recent research and publications.

1. Effects of different concentration of biogas
slurry on soil phosphatase activity

Soil enzyme is the direct reflection of soil biolog-
ical activity. Research showed that biogas slurry can
improve soil phosphatase activity [4; 5], which increased
with the increase of biogas slurry dosage [18; 19]. Sun
Fengxia studied the characteristics of rubber seedling
growth and soil fertility under different amounts of bio-
gas slurry [20]. The results showed that the acid phos-
phatase activity range was 0.66—1.33 mg/g, which was
higher than that of the control group at the later stage
of the experiment. This was mainly because the bio-
gas slurry contained a large number of organic sub-
stances and trace elements that were not completely
decomposed, they slowly released nutrients as they
entered the soil. By November, soil acid phosphatase
activity gradually increased with the increase of biogas
slurry amount. Du Yaning's study on biogas slurry from
plantation showed that biogas slurry had a significant
effect on soil phosphatase activity(P<0.01) [21]. In the
0-10 cm soil layer, the phosphatase activity increased
with the increase of biogas slurry concentration, and
the difference was significant. In the 10-25 cm soll
layer, the phosphatase activity reached the maximum
at the medium concentration of biogas slurry, and then
decreasedwiththeincrease offertilization concentration.

Danni feng's research showed that with the increase
of biogas slurry, the phosphatase activity increased
first and then decreased [22], which is consistent with
Yanjun chai's research [23]. It may be because the pH
value of biogas slurry is slightly alkaline, and it is a
product of anaerobic fermentation with strong reduc-
ing capacity, and the increase of biogas slurry has an
inhibitory effect on the acid phosphatase.

2. Effect of biogas slurry application on vertical
spatial distribution of soil phosphatase activity

Du Yaning found that in 0-10 cm soil layer, the
phosphatase activity in control group, low concentra-
tion and high concentration biogas slurry was signifi-
cantly higher than that in 10-25 cm soil layer (P<0.05)
[21]. Wang Guifang studied the effect of biogas slurry
combined with potassium fertilizer on soil phosphatase
activity in apple orchard [24]. The results showed that
the soil phosphatase activity in surface layer (0—20 cm)
and subsurface layer (20—40 cm) was higher than that
in the third layer (40-60 cm), whether applying biogas
slurry with different concentrations alone or applying
biogas slurry with different concentrations combined
with potassium fertilizer. The reason is that the phos-
phatase activity mainly comes from plant roots, and the
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roots of apple are mostly distributed at 0—40 cm. There-
fore, the phosphatase activity of surface and subsur-
face soil is higher than that of 40-60cm soil layer [24].

The vertical distribution of soil phosphatase activity
was related to tree age. Qin Xiaofei studied the effects
of applying biogas slurry on soil characteristics of apple
orchards of different tree ages [25]. In the soil with the
same tree age and different depths, the phosphatase
activity in the soil with 5 and 10 years of apple planting
showed a decreasing trend with the increase of depth,
and the difference was significant, while in the soil with
15 years of apple planting, the phosphatase activity
in the soil with 40 cm and 60 cm depth was similar.
However, the phosphatase activity is smaller than that
at the depth of 20 cm. In the soil of 20 years of tree
age, the phosphatase activity in the soil at the depth of
20 cm and 40 cm is similar, but the phosphatase activ-
ity in the soil at the depth of 60 cm is higher than that at
the depth of 60 cm [25].

3. Effect of biogas slurry application on dynamic
change of soil phosphatase activity

The biogas slurry contains abundant organic com-
ponents, and the permanent release of fertilizer effi-
ciency is closely related to the dynamic changes of
soil enzyme activities. Du Yanning's research showed
that biogas slurry changed the seasonal dynamic var-
iation trend of soil phosphatase activity, and the high-
est soil phosphatase activity changed from June to
September, and biogas slurry had a significant impact
on the seasonal dynamic change of soil phosphatase
activity [21]. Sun Fengxia's research also showed that
biogas slurry had a certain effect on soil enzyme activ-
ities, which fluctuated with the months. From the time
scale, the amount of biogas slurry irrigation has a great
influence on soil acid phosphatase activity from March
to July, which may be related to temperature change
[20]. Qin Xiaofei studied phosphatase activity of soil in
the same depth and different duration of biogas slurry,
at the depth of 20 cm, the phosphatase activity in the
soil was the highest in the two years after applying bio-
gas slurry, which was 10.6 % higher than that without
applying biogas slurry [25]. However, after applying
biogas slurry for four years, the phosphatase activity
in the soil had little change, while the phosphatase
activity in the soil without applying biogas slurry was
similar. At the depth of 40 cm, the phosphatase activity
was roughly the same as that of the control regardless
of whether biogas slurry was applied for 2 years or
4 years, while at the depth of 60 cm, the phosphatase
activity was similar in the two years without biogas
slurry fertilizer and in the two years after biogas slurry
fertilizer was applied, which was greater than that in
the four years after biogas slurry fertilizer was applied,
but the difference was not significant [25]. Yang Lun
studied the effect of different amount of biogas slurry
applied for 5 months on the phosphatase activity in
purple soil [26]. The results showed that the soil phos-
phatase activity was low in the first month, peaked
in the third month, and then decreased in the last
month. This is consistent with the research results of
Zhang Wudi [4]. With the growth of vegetables, phos-
phatase activity gradually increases, and then contin-
ues to decrease after reaching the maximum value.
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4. Effect of combined fertilization on soil phos-
phatase activity

As a high quality organic liquid fertilizer, biogas
slurry contains a large number of available nutrients
and various nutrients needed for plant growth. Com-
bined application of biogas slurry and fertilizer can sig-
nificantly promote the improvement of soil phosphatase
activity, stimulate the mineralization and decomposi-
tion of combined phosphorus in the soil, and promote
the release of more inorganic phosphorus elements
in the soil. Du Yanning studied the effects of biogas
slurry and biochar application on soil phosphatase
activity of poplar plantation [21]. The results showed
that in 0—10 cm soil layer, the effects of biogas slurry
and biochar combined application on soil phosphatase
activity were as follows: Only apply biogas slurry. In the
10-25 cm soil layer, there is no significant difference
between the application of biogas slurry and biochar
and the single application of biogas slurry [21]. Wang
Guifang studied the effect of biogas slurry combined
with potassium fertilizer on soil phosphatase activity in
apple orchard [24]. The results showed that the con-
trol was the highest, followed by biogas slurry, and the
combination of biogas slurry and potassium fertilizer
was the lowest. And with the increase of potassium fer-
tilizer concentration, there was a significant difference
from the control. The combined application of biogas
slurry and potassium fertilizer with the highest concen-
tration in the surface layer (0—20 cm), subsurface layer
(20—40 cm) and third layer (40—60 cm) decreased by
55.72 %, 50.25 % and 62.89 % compared with the con-
trol, respectively. This indicates that biogas slurry com-
bined with potassium fertilizer has an inhibitory effect
on the activity of alkaline phosphatase, and the alkaline
phosphatase activity in each treatment is reduced to
varying degrees compared with the control, indicating
that no treatment can protect the microenvironment for
the survival of soil enzymes to a certain extent[24]. The
effect of biogas slurry on the soil of Changshanhuyou
forest was studied, and the results showed that the soil
phosphatase activity of the combined application of dif-
ferent amounts of biogas slurry, chemical fertilizer and
organic fertilizer was close to that of soil phosphatase
without fertilizer, reflecting that the soil phosphatase
activity has a certain stability and has a strong buffering
capacity to external disturbances [27].

5. Effects of different tree ages on phosphatase
activity

Soil phosphatase activity is not only affected by soll
physical and chemical properties, but also related to
tree age. Qin Xiaofei studied the effects of applying
biogas slurry on soil characteristics of apple orchards
of different tree ages [25]. The results showed that at
the depth of 20 cm, the phosphatase activity of 5 years
old was the smallest, followed by that of 10 years old,
and the activity of 15 years and 20 years old was the
same. At the depth of 40 cm, the phosphatase activ-
ity increased with the increase of tree age, but the dif-
ference was not significant. At the depth of 60cm, the
phosphatase activity reached the maximum value at
15 years and the minimum value at 5 years [25]. Trees
of different ages require different amounts of phos-
phorus, in order to improve nutrient cycling, the phos-
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phatase activity involved in phosphorus cycling in soil
also changed correspondingly.

Conclusions. Biogas slurry is not only containing
rich nutrients also contains rich bioactive substances,
a moderate amount of fertilizer can effectively acti-
vate soil phosphatase activity, promote the change of
the soil within the physiological and biochemical pro-
cess, speed up the circulation rate of soil phosphorus,
improved soil quality, has good application value, but
the excessive dosage of biogas slurry can reduce the
phosphatase activity, is also likely to lead to soil and
groundwater pollution.

Biogas slurry nutrient content is rich, but its compo-
sition is relatively complex, the vertical distribution of
phosphatase activity in soil is related to the amount of
biogas slurry, the application period, the number of top-
dressing and the combined application of fertilizer. One
fertilization method may not be suitable for all soils. In
practice, it should be determined according to the com-
prehensive study of soil fertility, biogas slurry fertility,
climate and other conditions.
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Zhang X., Zakharchenko E.A. Effect of biogas
slurry returning to field on soil phosphatase
activity

Returning biogas slurry to the field is an effective
way to realize resource reuse between animal hus-
bandry and planting industry, which has been widely
concerned in recent years. The incorporation of bio-
gas suspension into the soil affects the soil microbi-
ome. Soil enzymes play an important role in the soil
ecosystem. Phosphatase is a widely existed hydrolase
in soil, which can catalyze the conversion reaction of
organic phosphorus to inorganic phosphorus. It is very
important to improve the availability of soil phosphorus.
Therefore, the purpose of the article was to analyze the
influence of fertilizers and plants on phosphatase activ-
ity in the soil, the reasons for the inhibition of alkaline
and acid phosphatase.

It is an index to evaluate the direction and inten-
sity of soil phosphorus biotransformation, and also an
important index of soil fertility. Phosphatase activity is
affected by soil fertility and surrounding environment.
After applying biogas slurry, soil environmental condi-
tions, nutrient status, microbial species and diversity
change, and phosphatase activity changes accordingly.

The activity of phosphatase is strongly influenced by
weather conditions, water consumption, and the level
of consumption by plants during the growing season.
Due to the increase in the price of mineral fertilizers,
in particular, phosphorus fertilizers, biogas suspension/
digestate will be a good solution for overcoming phos-
phorus deficiency in the crop cultivation.

In general, the topic of the reaction of microbiota,
in particular phosphatase, to the application of biogas
suspension at different application doses with or with-
out mineral fertilizers, on soils with different texture
and agricultural use, is insufficiently studied. There
is practically no information from Ukrainian scientists
about the effectiveness of biogas suspension of ani-
mal origin (pig manure) on the enzymatic activity of
chernozem soils.

Key words: phosphorus, soil, digestate, waste
management; sewage, enzymes, biological activity,
organic fertilizer.

Yxan C., 3axapuyeHko E.A. BnnuB BHeCeHHA
Giora3oBoi cycneHsii B rpyHT Ha docdarasHy
aKTUBHICTb

MoBepHeHHs1 6iorazoBoro Lwnamy B none € ecpekTuB-
HUM cnocobom peanisauii NOBTOPHOIO BUKOPUCTaHHSA
pecypciB Yy TBAPMHHULTBI Ta POCIUHHULTBI, LLO BUKK-
Kae LUMPOKE 3aHEMOKOEHHSI B OCTaHHi poku. BHeceHHs
Giora3oBoi CycneHsii B rpyHT BMMUBAE Ha rPyHTOBUNA
Mikpobiom. pyHTOBI cbepmMeHTV BigirpaloTb BaXXnuBy
ponb y I'pyHTOBI ekocucteMi. Pocartasa — LWMPOKO
nowuvMpeHa B I'pyHTI rigponasa, ska Moxe KatanisysaTtu
peakLito nepeTBopeHHs opraHiyHoro pocdopy B Heop-
raHiyHun. [y>xe BaXXKNMBO NiABULLMTU 3abe3neyeHicTb
rpyHTy dhoccopom. Tomy meToto crtatti Gyno npo-
aHanisyBatn Bnnune fobpue, pocnuH Ha docdarasHy
aKTVBHICTb B TPYHTi, MPUYUHM iHFIOYBaHHS Ny>XHOI Ta
kucnoi pocdatasn. Lien iHankatop Moxe BUKOPUCTO-
BYBaTUCS ANS OLiHKM CNPAMOBAHOCTI Ta iIHTEHCUBHOCTI
GioTpaHcdopmauii occopy B IpyHTi, @ TaKkoX Bax-
NVBUM MOKa3HMKOM POAIKYOCTI IPYHTY. Ha aKkTUBHICTb
docartasm BNAMBaAE pPOAIOYICTb PYHTY Ta HaBKO-
NUwWHe cepepouwle. Micna 3acTtocyBaHHA Gioraszosoi
CyCNeH3ii 3MiHIOITbCSI €KOMOriYHi YMOBU I'PYHTY, CTaH
NOXWUBHUX PEYOBWH, BUAM Ta PiBHOMaHITHICTb MiKpOOp-
raHiamiB, a TakoX BiAMNOBIAHO 3MIHIOETLCS aKTUBHICTb
docpartasmn. [lyxxe BnnusaroTb Ha AiAnbHICTL ocda-
Tasn NOrofHi yMoOBW, BOLOCTOXUBAHHS, PiBEHb CMOXW-
BaHHA pOCNMHaMW MPOTArOM BereTauiiHOro nepiogy.
YUepes 3gopoxyvaHHa MiHepanbHux fobpus, 3okpema,
doccopHux, biorazosa cycneHsis/gurectar byne rap-
HUM pilleHHAM Ans nogonaHHa pgediunty docdopy
Npv BUPOLLYYBaHHI C.-T. POCNVH. B Linomy, HegoctatHbo
OCBIiTNeHa Tema peakLii MikpobioTn, 3okpema docda-
Tasn, Ha BHeCeHHs 6iora3oBoi CycneHsii 3a pi3HMMK
[03aMy BHECEHHsI 3 MiHepanbHUMU [obpvBamMu 4m
6e3 HKX, Ha rpyHTax 3 Pi3HUM MeXaHiYHMM CKraJoM Ta
CiNlbCbKOroCnoAapChknM BUKOPUCTAHHAM. [MpakTnyHo
BifCYTHi BiJOMOCTIi YKpaiHCbKMX BYEHUX NPO ePeKTUB-
HicTb 6iorasoBoi cycneHsii TBapMHHOIO MOXOMKEHHS
(CBMHSAYOrO rHOK) Ha hepMeHTaTUBHY aKTUBHICTb YOp-
HO3EMHMX FPYHTIB.

Knro4yoBi cnoBa: dpoccop, r'pyHT, AvrecTar, noso-
PKEeHHs 3 Bigxodamu, CTiuHi Bogn, pepmeHTn, Biono-
riYHa aKTUBHICTb, OpraHiyHi gobpuBa.
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