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Abstract

In order to find out the effect of biogas slurry utilization in long-term on soil nutrient and soil enzyme activity, the typical
breeding enterprises of biogas slurry utilization in Henan Province was investigated by April and October 2019. The results showed
that the content of organic matter, nitrogen, phosphorus and potassium in biogas slurry was relatively low, including 0.26g/1 of
organic matter, 1.27g/1 of total nitrogen, 0.19g/1 of total phosphorus and 0.94g/] of total potassium. After years later by biogas
slurry irrigation and application, the nutrient factors of the soil surface layer were improved, among which the organic matter in
the soil surface layer increased by 0.2-27.9g/kg, the total nitrogen increased by 0.02-2.7g/kg, and the total phosphorus increased
by 0.1-3.25g/kg the mode of combining the biogas residue with the biogas liquid of KANGLONG biogas was the largest one. Total
potassium increased by 0.2-5.53g/kg, with an increase of 1.14-28.10% which of YOULIN was the largest one. The value of pH
changed to conducive to soil nutrient release. The accumulation of available P in soil is increased by 9.18-108.7mg/kg, which
is consistent with the trend of organic matter and total P content. The hydrolyzed N is increased by 0.2-156.79mg/kg, which is
consistent with the trend of organic matter and total N content, and the available K is increased by 19.23-109.45mg/kg, which is
consistent with the trend of total K. That all are the results of long-term accumulation by use of biogas slurry. The activities of soil
hydrolase and oxidoreductase significantly were increased by use of biogas slurry. Compared with the control farmland, protease
increased by 0.49-4.021U/L, increased by 8.77-64.42%, invertase increased by 51.34-235.25IU/L, increased by 11.24-41.83%,
urease increased by 71.78-374.541U/L, increased by 10.55-49.12%, acid phosphatase increased by 1.49-14.77IU/L, increased by
5.16-45.86%, cellulase increased by 2.51-58.811U/L, It increased by 2.72-61.40%, nitrate reductase by 0.48-9.821U/L, 3.51-55.95%,
nitrite reductase by 0.7312.891U/L, 2.34-51.47%, dehydrogenase by 0.11-3.88IU/L, 3.51-62.19%, catalase by 2.93-32.771U/L, 4.33-
46.18%. There was a significant correlation between soil nutrients and enzyme activity, among which soil organic matter, N, P, K,
dehydrogenase and catalase activities were all positively correlated, soil total N, hydrolyzed N, available P and cellulase were also
positively correlated, organic matter, available K and cellulase were significantly correlated. At the same time, there are significant
or extremely significant correlation between different soil enzymes.
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Introduction

absorption and water consumption, and improve protein content,
dry matter accumulation and nitrogen use efficiency of winter
wheat [12-15] and reduce soil C / N mineralization and greenhouse
gas emission [16]. More importantly, by use of biogas slurry, it can
also improve the biological characteristics of soil [17], and improve
the activity of soil enzymes [18-20], and then affect the activity
indexes of soil quality and the evaluation indexes of soil fertility,
and play an important role in the soil ecosystem [21]. Therefore,
biogas slurry is considered to be a good organic fertilizer and the

Biogas slurry is the liquid residue of anaerobic fermentation
of livestock manure, crop straw and other organic matters. It only
contains available N, P, K, and is also rich in trace elements such as
S, Ca, Mg, humic acid, amino acid, organic matter, et a [1,2]. Biogas
slurry can not only improve the soil, improve the soil nutrient
status [3,4], promote the growth and development of crops [5,6],
and improve crop photosynthetic characteristics [7,8], and improve
crop yield and quality [9-11]. And which can also affect nitrogen

Copyright © All rights are reserved by Wu Jichengab.


https://www.lupinepublishers.com/index.php
https://lupinepublishers.com/agriculture-journal
http://dx.doi.org/10.32474/CIACR.2020.08.000286

Curr Inves Agri Curr Res

Volume 8 - Issue 3

Copyrights @ Wu Jichengab, et al.

bestalternative product for increasing crop yield and nutrients [22].
However, a large number of long-term irrigation and application
of biogas slurry, because of its rich and effective nutrients, is very
easy to cause soil nitrogen and phosphorus accumulation, and form
environmental problems such as point and surface soil pollution
and water eutrophication. Furthermore, scientific and reasonable
biogas slurry irrigation can slow down the over eutrophication of
farmland fertility [23], and improve soil microbial biomass and
activity [24,25], so as to realize the sustainable utilization of soil.
The output of biogas slurry is more than 300 million tons per
year in Henan Province. There have different ways of using biogas
slurry, crops and consumption in different enterprises. In order to
make better use of biogas slurry, avoid secondary pollution caused
by biogas slurry irrigation, and reveal the impact of biogas slurry
utilization on soil nutrients and enzyme activity, we have sampled
and analyzed the soil of biogas slurry utilization with different
service life, consumption and planting methods. It is expected to
provide scientific basis for the scientific utilization of biogas slurry
and soil fertility.

Table 1: Utilization of biogas slurry in different enterprises.

Samples Collection and Analysis

According to the development scale of the aquaculture industry
and the utilization of biogas residue and biogas slurry, the soil
samples of 0-100cm of 11 representative aquaculture industries
in Henan Province were respectively collected from the biogas
slurry utilization plot and the control farmland plot in April and
October 2019, which were naturally dried, and then crushed to test
and analyze their organic matter, pH, total and effective nitrogen,
phosphorus, potassium, nitrate nitrogen, soil enzyme activity, et al,
which soil organic matter is determined by potassium dichromate
volumetric method, the total nitrogen by semi-micro kelvin method,
the total phosphorus and available phosphorus by molybdenum
antimony colorimetric method, the total potassium and available
potassium atomic absorption spectrometry, the hydrolyzed
nitrogen by alkaline solution distillation potentiometric titration
method, the nitrate nitrogen by ultraviolet spectrophotometric
method, and the soil enzyme activity byadopt corresponding
enzyme activity kit for analysis (Table 1).

Enterprises Years Volume t/per time Raw materials Modes Plants
Ruixiang(rx) 9 40 Pig manure Biogas slurry and residue Greenhouse vegetable
Maiduo(md) 5 35-40 Cow manure Biogas slurry Greenhouse vegetable
Songguilang(sgl) 8 30-35 Pig manure Biogas slurry and residue Corn-vegetable
Taozhiyuan(tzy) 5 40 Pig manure Biogas slurry Peach
Guoxing(gx) 7 40-45 Chicken manure Biogas slurry Wheat-corn
Juxing(jx) 8 30-35 Pig and cow manure Biogas slurry Greenhouse vegetable
Xinjing(xj) 12 30-40 Pig manure Biogas slurry Grape
Yifa(yf) 15 30-40 Pig manure Biogas slurry Wheat-corn
Youlin(yl) 5 30-35 Pig manure Biogas slurry Grape
Fengrun(fr) 12 35 Pig manure Biogas slurry Grape
Kanglong(kl) 12 30-35 Pig manure Biogas slurry and residue Greenhouse vegetable
Xinzhengde(xzd) 12 25-35 Pig manure Biogas slurry and residue Wheat-millet

Results and analysis

Nutrient characteristics of biogas slurry of different aquaculture enterprises in Henan Province
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Figure 1: The content of OM, TN, TP and TK in different biogas slury (g/L) of different enterprises.
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There are obvious differences in organic matter, total nitrogen,
total phosphorus, total potassium and pH value in biogas slurry of
different aquaculture enterprises (Figure 1). The average content of
organic matter is 0.26g/L, and the highest is 0.94g/L, the lowest is
only 0.03g/L. The average content of total nitrogen is 1.27g/L, and
the highest is 2.6g/L, the lowest is 0.3g/L. The average content of
total phosphorus is 0.19g/L, and the highest is 0.38g/L, the lowest
is 0.04g/L. The average content of total potassium is 0.94g/L, and
the highestis 1.98g/L, the lowest is 0.40g/L. In a word, the nutrient

components of biogas slurry irrigated by different enterprises
are quite different. The sources of organic matter, total nitrogen,
total phosphorus and total potassium are all low, including KL,
YL, RX and TZY. The sources of organic matter, total nitrogen, total
phosphorus and total potassium are all high, including JX and SGLG.
The sources of total phosphorus is low, but the organic matter and
total nitrogen, phosphorus and potassium are high, including MD.
That of the others enterprises are all in the middle level.

Effects of biogas slurry utilization on soil organic matter, pH and NPK
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Figure 2: Effect of biogas slurry application on soil OM, TN, TP, TK (g\kg) and PH Value.

Soil pH, organic matter, total nitrogen, total potassium,
total phosphorus, available nitrogen, nitrate nitrogen, available
phosphorus and available potassium are effectively improved
by biogas slurry utilization (Figure 2), but there are significant
differences between different nutrient factors. The soil surface
organic matter increased by 0.2g/kg to 27.9g/kg, with an increase
of 0.96% to 367.11%. The mode of combining the biogas residue
and liquid of KL was the most significant. However, the soil organic
matter of X] decreased by 1.3g/kg, a decrease of 7.56%, which
the main reason was that the vineyard was formed by wasteland
development, but the forest land(CK) was not affected by human
farming activities, and the litter layer was obvious. The pH value
of soil increased and decreased respectively, that of MD, JX, KL, YL,
FR, GX and X] decreased by 0.79, 0.78,0.72 0.53, 0.33, 0.29 and 0.24
respectively, with a decrease range of 9.69%, 9.61%, 9.49%, 6.37%,
4.13%, 3.63% and 3.15%, that of RX, TZY, YF and SGL increased by
0.74,0.70,0.24 and 0.07 respectively, the decrease range is 13.73%,
11.65%, 3.14% and 0.90% respectively. The increase or decrease is
in favor of the release of soil nutrients, such as the change from acid
to weak alkaline in RX and from alkaline to weak alkaline in MD.

The content of total nitrogen, total phosphorus and total
potassium in the surface soil increased significantly. The total
nitrogen increased by 0.02g/kg to 2.7g/kg, an increase of 2.15%

to 600%, the total phosphorus increased by 0.1g/kg to 3.25g/kg,
an increase of 12% to 663.27%, and the greatest increase was
the mode of combining the biogas residue and liquid of KL. Total
potassium increased by 0.2g/kg to 5.53g/kg, an increase of 1.14%
to 28.10%, and YL increased the most.

In terms of the biogas slurry utilization time, the organic matter,
total nitrogen and total potassium of the greenhouse vegetables
were KL > RX > MD > JX, except MADUO with low basic nutrients,
the increase was basically increased with the increase of time, the
total phosphorus was increased with the increase of utilization
time, that is KL > RX > JX > MD. The organic matter, total nitrogen
and total phosphorus of the mode of grain economy were YF> GX >
SGL, soil total potassium is GX > YF > SGL, which is related to its low
basic nutrients. The mode of orchard planting is the most complex,
soil organic matter is FR> TZY> YL>X], soil total nitrogen is FR >
YL > XJ>TZY, soil total phosphorus is X]> YL> FR>TZY, soil total
potassium is YL > X]J>TZY, which may be related to the amount and
times of irrigation.

Theavailable phosphorus are allincreased, while the hydrolyzed
nitrogen and available potassium decreased only in TZY (Figure
3), which was related to the large-scale use of chemical fertilizer
by farmers for planting medicinal materials, while the others all
increased, the nitrate nitrogen increased and decreased differently.
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The accumulation of available phosphorus increased rapidly due
to the large amount of biogas slurry irrigation, which increased by
9.18mg/kg to 108.7mg/kg, with an increase of 26.76% to 593.99%,
and KL had the largest increase, consistent with the trend of
organic matter and total phosphorus content. Hydrolyzed nitrogen
increased by 0.2mg/kg to 156.79mg/kg, with an increase of 1.14%
to 420.24%, consistent with the trend of organic matter and total
nitrogen content, but RX decreased by 27.22%. Available potassium
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increased by 19.23mg/kg to 109.45mg/kg, with an increase of
15.48% to 103.30%, the growth rate of YF was the largest, which
was the result of long-term application of biogas slurry, while TZY
decreased by 25.13%. The nitrate nitrogen content of X]J, YF, JX, RX
and MD increased by 5.85mg to 43.27mg/kg, with and increase of
8.09% to 187.00% respectively, while YL, FR, GX, KL, TZY and SGL
decreased by 0.8mg to 51.42mg/kg, with an increase of 1.00% to

81.04% respectively.
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Figure 3: Effect of biogas slurry application on soil HN, AP and AK (mg\kg).

From the time of biogas slurry utilization, the change of
available nitrogen, phosphorus and potassium is greater than that
of total phosphorus and organic matter. The hydrolyzed nitrogen of
greenhouse vegetable is KL > JX > RX > MD, the available phosphorus
is KL > RX > JX > MD, the available potassium of soil is RX > KL > JX>
MD, and the change trend of available phosphorus is consistent with
that of total phosphorus. The hydrolyzed nitrogen of grain economy

Effect of biogas slurry utilization on Soil Hydrolase

planting is GX>YF>SGL, the available phosphorus is SGL>YF>GX, the
available potassium is YF>SGL>GX. The soil hydrolyzed nitrogen
in the orchard is FR> YL > X] > TZY, the soil available phosphorus
was FR> YLG>X]>TZY, the soil available potassium was FR> X] > YL
>TZY, and the changing trend of hydrolyzed nitrogen is the same
with that of the total nitrogen.
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Figure 4: Effect of biogas slurry application on hydrolytic enzymes.
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Soil enzyme activity is one of the important indexes of soil
biological activity and soil fertility. Soil Hydrolase mainly includes
protease, phosphatase, sucrase, urease, cellulase, etc. they play an
important role on catalyzing the biochemical reaction in the soil,
such as the decomposition and transformation of soil organic
matter, directly participating in soil C and N cycle, nutrients use,
improving soil fertility and nitrogen recycling. Invertase is closely
related to the total nitrogen content of soil, phosphatase is closely
related to the hydrolysis and activation of organic phosphorus,
and urease is involved in soil fertility and nitrogen cycle [26], The
utilization of biogas slurry can significantly improve the activities
of soil protease, acid phosphatase, sucrase, urease, cellulase and
other hydrolases (Figure 4). Compared with the control farmland,
the protease increased by 0.49-4.021U/L, with an increase of 8.77-
64.42%, the highest among of them was KL greenhouse vegetables.
The sucrase increased by 51.34-235.25IU/L, with an increase of
11.24-41.83%, which the largest increase was in FR farmland and
X] vineyard. The Urease increased by 71.78-374.541U/L, with an
increase of 10.55-49.12%, which the most increase was the rotation
of grain and vegetable in SGL. The acid phosphatase increased
by 1.49-14.771U/L, with an increase of 5.16-45.86%, which the
most increase was YL vineyard and KL greenhouse vegetable. The

cellulase increased by 2.51-58.811U/L, with an increase of 2.72-
61.40%, which the most increase was KL greenhouse vegetable.

Effect of Biogas Slurry Utilization on Soil Oxidoreductase

Soil reductase mainly includes dehydrogenase, catalase, nitrate
reductase, nitrite reductase, sulfuric acid reductase, etc. It mainly
affects soil physical and chemical properties and soil fertility [26],
such as reducing the harm of hydrogen ions and activating soil
nutrients. Biogas slurry utilization can significantly improve the
activity of dehydrogenase, catalase, nitrate reductase and nitrite
reductase (Figure 5). Compared with the control farmland, the
nitrate reductase increased by 0.48-9.821U/L, with an increase of
3.51-55.95%, which the highestincrease was in GUOXING farmland.
The nitrite reductase increased by 0.73-12.891U /L, with an increase
of 2.34-51.47%, which the most increase was XZD farmland and KL
greenhouse vegetables, but it decreased by 6.651U/L and 0.02IU/L
in FR vineyard and X] vineyard respectively, with a decrease of
21.28% and 0.11% respectively. The dehydrogenase increased by
0.11-3.88IU/L, with an increase of 3.51-62.19%, which the most
increase was KL greenhouse vegetables and FR vineyard. The
catalase increased by 2.93-32.77IU/L, with and increase of 4.33-
46.18%, which the most increase was YL vineyard and YF farmland.
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Figure 5: Effect of biogas slurry application on REDOX enzymes.

Correlation of Soil Nutrient and Enzyme Activity

There are different correlations between nutrients and soil
enzymes in the plough layer of soil (Table 2). Between soil organic
matter and N, P and K, the content of soil organic matter has a
significant positive correlation with total N, hydrolyzed N, available
P and available K, and has a significant correlation with total P.
The total N has a significant correlation with total P, hydrolyzed N,
available P and available K, and has a significant correlation with
total K. The total P has a significant correlation with hydrolyzed
N and available P. The total K has a significant correlation with
available potassium. The hydrolyzed nitrogen and available

potassium, and available phosphorus and available potassium has
a significant correlation. Among soil nutrients and soil enzymes,
soil organic matter content was significantly positively correlated
with oxidase and dehydrogenase, and significantly correlated with
acid phosphatase and cellulase. Total nitrogen was significantly
correlated with cellulase, catalase and dehydrogenase. Total
phosphorus was significantly correlated with dehydrogenase
and sucrase. Total potassium was significantly correlated with
catalase and dehydrogenase, and significantly correlated with acid
phosphatase and nitrate reductase. The hydrolyzed nitrogen was
significantly correlated with cellulase, catalase and dehydrogenase.
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was significantly correlated with nitrate reductase, catalase,

The available P was significantly correlated with urease, cellulase,

dehydrogenase, and cellulase.

catalase and dehydrogenase, and significantly correlated with
sucrase, acid phosphatase and nitrate reductase. Available K
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Among soil enzymes, the protease was positively correlated
with acid phosphatase and nitrite reductase. Sucrase was positively
correlated with nitrate reductase, nitrite reductase, dehydrogenase,
and acid phosphatase. Urease was positively correlated with
cellulase, but significantly correlated with nitrate reductase
and nitrite reductase. Cellulase was positively correlated with
nitrate reductase. Nitrate reductase was significantly correlated
with nitrite reductase, catalase and dehydrogenase. Catalase and
dehydrogenase showed a significant positive correlation.

Results and Discussion

a.  The content of organic matter, nitrogen, phosphorus and
potassium in biogas slurry in different enterprises is different,
which affects the significant difference in the accumulation
amount in the surface soil. Compared with farmland without
biogas slurry, biogas slurry utilization effectively improved
the soil pH value, increased the surface organic matter, total
nitrogen, total potassium, total phosphorus, available nitrogen,
nitrate nitrogen, available phosphorus and available potassium,
which is influenced by the utilization, irrigation quantity and
irrigation times. The organic matter, total nitrogen and total
potassium of greenhouse vegetables showed KL> RX> MD>
JX, while the total phosphorus of the soil increased with the
extension of utilization time, namely KL> RX > JX > MD. The
organic matter, total nitrogen and total phosphorus of grain
economy plant showed as YF >GX >SGL, and the total potassium
ofthem showed as guoxing GX> YF>SGL. The orchard isrelatively
complicated, the soil organic matter is FR>TZY>YL>X], the total
N is FR>YL>X]>TZY, the total phosphorus is X]>YL>FR>TZY, and
the total potassium is YLG>X]>TZY>FR. The results of this study
are basically consistent with the research results applied biogas
slurry during the growth period of wheat [20], and that long-
term or short-term application of biogas slurry is conducive
to increasing nitrogen, phosphorus, potassium and other soil
nutrients [1,3,5].

b.  Biogas slurry utilization can significantly improve the
activity of hydrolytic enzymes. Hao XJ. et al [27] applied
biogas slurry to improve the activity of hydrolytic enzymes
such as soil sucrase, phosphatase and protease, and Geng C.G.
et al [18] digested biogas slurry in the garden can significantly
improve the activity of soil sucrase and urease, but the changes
of acid phosphatase and catalase are not significant. Guan T. et
al [28] biogas slurry irrigation can significantly improve soil
urease activity and reduce catalase activity. The combination
of biogas slurry with nitrogen significantly increased soil
urease and dehydrogenase activity in peanut pod and harvest
stages [19]. Wang H.W. et al [20] biogas slurry applied to
wheat increased soil catalase, alkaline phosphatase and
urease activity, the combination of biogas slurry with potash
fertilizer in apple orchard significantly improved fruit quality
and soil enzyme activity. And the results of this study was to
enhance the activity of all hydrolases and REDOX enzymes. The
protease increased by 8.77 to 64.42%, invertase increased by
11.24 to 41.83%, urease increased by 10.55 to 49.12%, acid
phosphatase increased by 5.16 to 45.86%, cellulose enzyme

increased by 2.72 to 61.40%, increased by 3.51 to 55.95% of
nitrate reductase, Nitrite reductase increased by 2.34-51.47%,
dehydrogenase increased by 3.51-62.19%, and catalase
increased by 4.33-46.18%, which might be the use of biogas
slurry, improved soil microbial environment, such as organic
matter composition, NPK ratio and pH value, thus stimulating
the growth of the microorganisms and microflora balance
[29], improved the soil hydrolase and REDOX enzyme activity,
in turn, enzyme activity improve the soil nutrient cycling and
biological activity, improve soil fertility.

c.  soil enzyme activity reflects the nutrient transformation
capacity in the soil, and soil nutrient content reflects the
fertility level of the soil, and there is a significant correlation
between them [30]. Urease activity had the best correlation
with soil nutrients [31]. The results showed that soil organic
matter, nitrogen, phosphorus, potassium content of oxygen
and hydrogen enzyme, dehydrogenase and acid phosphatase,
cellulase, sucrase, nitrate reductase were significantly or
extremely significantly correlated, the soil organic matter,
NPK, catalase and dehydrogenase activity were significantly
positive correlation, soil total nitrogen, hydrolyze nitrogen,
available phosphorus and cellulase were very significant
positive correlation, and organic matter, available potassium
have significant correlation relationship with cellulase. At
the same time, there were significant or extremely significant
correlations between different soil enzymes.

Conclusion

Through the analysis of biogas slurry nutrients, soil nutrients,
soil enzyme activity and its correlation, it is shown that biogas
slurry plays an active role in soil surface nutrient accumulation,
especially the accumulation of available phosphorus and available
potassium, and improves all of soil hydrolase and REDOX enzyme
activity. There are significant or extremely significant correlations
between soil nutrients and soil enzymes activity, especially the soil
organic matter, NPK, catalase and dehydrogenase activity were
significantly positive correlation, soil total nitrogen, hydrolyze
nitrogen, available phosphorus and cellulase were very significant
positive correlation, and organic matter, available potassium have
significant correlation relationship with cellulase.
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