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Abstract

To investigate the effects of vinegar residue mushroom bran as a biofertilizer
on soil fertility and to provide a scientific basis for addressing environmental
pollution from edible fungus residue and its effective utilization, this study con-
ducted field experiments to measure soil urease, sucrase, and catalase activities,
populations of bacteria, actinomycetes, and fungi, as well as microbial biomass
carbon and nitrogen contents in rhizosphere soil at different growth stages fol-
lowing basal application of vinegar residue mushroom bran to three crops: maize,
sorghum, and waxy maize. The results showed that: 1) Vinegar residue mush-
room bran significantly increased the populations of bacteria, actinomycetes,
and fungi in crop rhizosphere soil. Throughout the entire growth period, the
bacterial population in soil amended with vinegar residue mushroom bran in-
creased by 32%~54% compared to the control; the actinomycetes population
exhibited a significant increase at the maturity stage, with the maximum in-
crease of 101% observed in maize field soil; and the fungal population displayed
an overall trend of initial increase followed by decline. 2) The application of
vinegar residue mushroom bran enhanced the activities of urease, catalase, and
sucrase in crop rhizosphere soil. The increase rates of urease activity in soils
planted with sorghum, maize, and waxy maize were 239%, 189%, and 185%, re-
spectively; soil catalase activity in the three crops peaked at the heading stage,
with a maximum increase rate of 40%; soil sucrase activity in the three crops
showed different trends across growth stages, with relatively stable changes ob-
served in maize at various growth stages, exhibiting increase rates of 38%, 28%,
and 48%, respectively. 3) The application of vinegar residue mushroom bran in-
creased microbial biomass carbon and nitrogen contents in crop rhizosphere soil,
with increases in soil microbial biomass carbon ranging from 58.10 to 407.67 mg-
kg ! and microbial biomass nitrogen ranging from 11.98 to 27.55 mg- kg ! across
different growth stages for the three crops. These results demonstrate that the
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application of vinegar residue mushroom bran can enhance the sustainability
of soil productivity, thereby achieving the effect of protecting and improving
the soil environment. Furthermore, this study provides a scientific basis for the
effective utilization of vinegar residue mushroom bran.
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Abstract

This study investigated the effects of vinegar residue fungus chaff as a biofer-
tilizer on soil fertility, providing scientific evidence for addressing environmen-
tal pollution from edible fungus substrate waste and its effective utilization.
Through field experiments, we examined soil urease, sucrase, and catalase activ-
ities, populations of bacteria, actinomycetes, and fungi, and microbial biomass
carbon and nitrogen content in the rhizosphere soils of three crops (maize,
sorghum, and waxy maize) at different growth stages following basal applica-
tion of vinegar residue fungus chaff.

The results demonstrated three key findings. First, vinegar residue fungus chaff
significantly increased rhizosphere soil populations of bacteria, actinomycetes,
and fungi. Throughout the growth period, soil bacterial counts increased by
32-54% compared to the control. Actinomycete populations showed the most
pronounced increase at maturity, with the greatest enhancement (101%) ob-
served in maize fields. Fungal populations exhibited an overall trend of initial
increase followed by decline. Second, application of vinegar residue fungus chaff
enhanced soil enzyme activities. Urease activity increased by 239%, 189%, and
185% in sorghum, maize, and waxy maize soils, respectively. Catalase activity
peaked at the heading stage for all three crops, with a maximum increase of
40%. Sucrase activity showed distinct trends across growth stages, with rela-
tively stable changes in maize soils exhibiting increases of 38%, 28%, and 48%
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at different stages. Third, microbial biomass carbon and nitrogen contents in-
creased following fungus chaff application, with carbon content rising by 58.10-
407.67 mg + kg ! and nitrogen content by 11.98-27.55 mg - kg ! across the growth
periods of the three crops.

These findings indicate that vinegar residue fungus chaff application can en-
hance the sustainability of soil productivity while protecting and improving soil
environmental quality. This research provides a scientific basis for the effective
utilization of edible fungus substrate waste.

Keywords: Vinegar residue fungus chaff; Soil enzyme activity; Soil microbial
population; Soil microbial biomass carbon and nitrogen; Maize; Sorghum; Waxy
maize

Introduction

Vinegar residue, the solid byproduct generated from starch-based vinegar pro-
duction, is typically discarded as waste, leading to environmental pollution and
resource waste when it accumulates and molds. To transform this waste into
a valuable resource and mitigate environmental contamination, numerous re-
searchers have investigated the cultivation of edible fungi using vinegar residue,
achieving promising results. The spent substrate remaining after mushroom
harvesting—referred to as vinegar residue fungus chaff—contains higher crude
protein and fat content but significantly lower crude fiber compared to other
types of fungus chaff. However, improper disposal of this material continues
to pose environmental challenges. Applying vinegar residue fungus chaff as an
organic fertilizer represents a viable solution, as the spent substrate has a loose
texture and contains various organic compounds and mineral elements that can
conserve soil moisture and nutrients, effectively ameliorate nutrient deficiencies,
and enhance soil fertility. Consequently, it serves as a functional, high-quality
soil amendment and substrate material.

Soil microorganisms constitute a vital component of soil ecosystems, with mi-
crobial populations and enzyme activities serving as important indicators for
evaluating soil fertility. Previous research has extensively documented soil mi-
crobial and enzymatic responses to organic amendments. Studies on rice straw
return have demonstrated changes in microbial and enzymatic biological indi-
cators that illustrate soil fertility improvement effects. Research on mushroom
residue application has shown significant increases in bacterial populations, re-
flecting favorable microbial ecological characteristics. Long-term fertilization
studies on maize have revealed that soil enzyme activities align with crop growth
dynamics, and that long-term application of NPK fertilizers can substantially
improve soil biochemical fertility. Investigations on distiller’ s grains bio-organic
fertilizer have similarly demonstrated significant enhancements in soil microbial
populations, enzyme activities, and crop yields.

Most studies indicate that organic fertilizer application significantly increases
soil microbial biomass carbon and nitrogen contents and enzyme activities.
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Some research suggests that organic or combined organic-inorganic fertiliza-
tion markedly increases bacterial, fungal, and actinomycete populations, though
other studies report that while bacterial numbers increase significantly with
organic-inorganic compound fertilizer application, fungal populations may de-
crease. Soil microorganisms and soil fertility exhibit a mutually promoting and
coordinative relationship: high-fertility soils support extensive microbial pro-
liferation, while abundant microorganisms maintain nutrient balance through
organic matter decomposition. Applying organic materials improves the soil
microbial ecological environment, alters microbial community structure, and
enhances soil fertility.

Despite these advances, research on vinegar residue fungus chaff—a potentially
valuable secondary organic fertilizer—remains limited, particularly regarding its
effects on soil microorganisms and enzymes. Therefore, this study investigated
three common crops (sorghum, maize, and waxy maize) to examine how vinegar
residue fungus chaff application influences key soil biological indicators, includ-
ing enzyme activities and microbial population dynamics. The objective was to
assess its impact on soil fertility and provide scientific evidence for mitigating
environmental pollution from edible fungus substrate waste.

Materials and Methods
1.1 Study Site Description

The field experiment was conducted in 2015 in Jinzhong City, Shanxi Province.
The study area has an average annual temperature of 9.9°C, a frost-free period
of 171.2 days, and mean annual precipitation of 441.8 mm. The experimental
soil was classified as calcic cinnamon soil. On April 8, baseline measurements of
the 0-20 cm tillage layer revealed organic matter content of 35.9 g-kg !, alkaline
hydrolyzable nitrogen of 33.82 mg - kg !, available phosphorus of 37.06 mg - kg !,
available potassium of 278.52 mg - kg !, and pH of 7.53.

1.2 Experimental Design

The experiment employed a two-factor split-plot design. The main factor con-
sisted of two levels: with and without vinegar residue fungus chaff application.
The subplot factor comprised three crop varieties: maize ( ‘Fushengyuan 55 ),
sorghum ( ‘Jinzhong 405" ), and waxy maize ( ‘Tengnuo 1’ ). This resulted
in six treatments with three replications, totaling 18 plots. Basal fertilization
included compound fertilizer (N:P:K = 25:10:16, total nutrients 51%) at 1,000
kg - hm 2 and chicken manure at 1,500 kg - hm 2. Vinegar residue fungus chaff,
derived from Pleurotus ostreatus cultivation on vinegar residue, was applied as
organic fertilizer at 25,000 kg - hm 2. The fungus chaff contained 584.4 g - kg !
organic matter, 2.4 g-kg ! total nitrogen, 0.33 g- kg ! total phosphorus, and 2.2
g+ kg ! total potassium.

Each plot measured 2 m x 5 m. Before sowing, ridges were prepared and furrows
opened with hoes. Compound fertilizer was applied as basal dressing, followed
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by the respective fungus chuff treatments. All three crops were sown on April 14.
Sorghum was planted at 132,000 plants - hm ? with 0.25 m row spacing and 0.3
m plant spacing. Maize was planted at 65,000 plants « hm 2 with 0.4 m row and
plant spacing, two seeds per hole, thinned after emergence. Waxy maize was
planted at 55,500 plants + hm 2 with 0.4 m row spacing and 0.5 m plant spacing.
All crops were harvested on August 30. During the growth period, irrigation and
regular management practices were implemented. Soil and plant samples were
collected during different growth stages: jointing (June 13-20), heading (July
26-August 1), and maturity (August 30) using multi-point sampling methods.

1.3 Laboratory Analyses

1.3.1 Soil Sampling and Preparation Baseline soil samples were collected
on April 8 using a diagonal sampling method from the 0-20 cm tillage layer in
each plot’ s root zone, with approximately 1 kg of soil collected per sample. Sam-
ples for nutrient analysis were air-dried in the soil preparation room. Samples
for microbial counts, enzyme activity, and microbial biomass carbon/nitrogen
determination were placed in sterile sealed plastic bags, thoroughly mixed, and
stored at 4°C until analysis.

1.3.2 Soil Microbial Population Determination Microbial populations
were determined using the dilution plating method. Soil suspensions were pre-
pared through gradient dilution and enumerated using plate counting techniques.
Culture media for quantifying culturable bacteria, fungi, and actinomycetes in
fresh soil were beef extract peptone agar, Rose Bengal agar, and modified Gause’
s No. 1 medium, respectively.

1.3.3 Soil Microbial Biomass Carbon and Nitrogen Determination
Microbial biomass carbon and nitrogen were determined using the chloroform
fumigation-extraction method. Contents were calculated as the difference be-
tween fumigated and non-fumigated samples, divided by respective recovery
coefficients (Kc = 0.38 and Kn = 0.54).

1.3.4 Soil Enzyme Activity Determination Soil urease activity was mea-
sured using the indophenol blue colorimetric method and expressed as mg NH -N
per gram of soil after 24 hours. Catalase activity was determined using potas-
sium permanganate titration and expressed as mL of 0.1 mol + L ! KMnO con-
sumed per gram of soil after 20 minutes. Sucrase activity was measured using
the 3,5-dinitrosalicylic acid method and expressed as mg glucose per gram of
soil after 24 hours.

1.3.5 Soil Chemical Property Determination Soil organic matter was de-
termined by the potassium dichromate volumetric method. Alkaline hydrolyz-
able nitrogen was measured by the alkaline hydrolysis diffusion method. Avail-
able phosphorus was extracted with sodium bicarbonate, and available potas-
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sium was extracted with ammonium acetate and determined by flame photom-
etry.

1.4 Statistical Analysis

Experimental data were analyzed using SPSS 11.5 software.

Results

2.1 Effects of Vinegar Residue Fungus Chaff on Soil Microbial Popu-
lations

Soil microorganisms are crucial indicators of soil health and quality. Exogenous
microorganisms introduced through amendments interact with indigenous soil
microbes in nearly all material cycles and energy metabolism processes. Micro-
bial abundance depends not only on soil texture and fertility status but also on
competition for nutrients between crop roots and soil microorganisms.

2.1.1 Effects on Soil Bacterial Populations Bacteria represent the dom-
inant microbial community in crop rhizosphere soils. As shown in , bacterial
populations in maize, sorghum, and waxy maize soils exhibited similar fluctua-
tions across growth stages, generally increasing initially then decreasing. The
peak bacterial growth occurred at the heading stage, with significant differ-
ences between fungus chaff-treated and control plots for maize and sorghum,
though not for waxy maize. Bacterial counts were relatively low at the jointing
stage, with no significant differences between treatments. At maturity, only
sorghum showed significant differences between treated and control plots, while
maize and waxy maize did not. Overall, fungus chaff application significantly
increased rhizosphere soil bacterial populations, with increases of 32-54% across
the three crops at the jointing stage.

2.1.2 Effects on Soil Actinomycete Populations Actinomycetes are the
second most abundant soil microbial group after bacteria. shows that actino-
mycete populations in the rhizosphere soils of all three crops increased contin-
uously throughout the growth period, with the most rapid growth occurring
from heading to maturity. Significant differences among crops were observed
at each growth stage. Actinomycete counts were low at the jointing stage, with
fungus chaff treatments showing lower values than controls for maize and waxy
maize. At heading, significant differences between treated and control plots
were observed for maize and sorghum, but not for waxy maize. At maturity,
actinomycete populations increased substantially with fungus chaff application,
with maize showing the greatest enhancement of 101%.

2.1.3 Effects on Soil Fungal Populations Fungal populations were sub-
stantially lower than bacterial and actinomycete populations, likely due to in-
hibitory effects of fungus chaff application on fungal proliferation. As shown in
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, fungal populations in the rhizosphere soils of all three crops followed a trend
of initial increase followed by decline, rising significantly from jointing to head-
ing then decreasing markedly from heading to maturity. Differences between
fungus chaff-treated and control plots varied by stage: no significant differences
at jointing for any crop, a significant difference for waxy maize at heading, and
a pronounced reduction at maturity with fungus chaff application (decreases of
56.25-76.92%).

2.2 Effects of Vinegar Residue Fungus Chaff on Soil Enzyme Activities

Soil enzymes primarily originate from microbial metabolism, root exudates, and
decomposition of plant and animal residues, participating in numerous biochem-
ical processes and material cycles including litter decomposition and synthesis
of various organic compounds. They represent important indicators for soil
fertility assessment. Catalase activity typically reflects soil purification capac-
ity by preventing toxicity from hydrogen peroxide generated during metabolic
processes, while urease activity characterizes soil nitrogen status.

2.2.1 Effects on Soil Urease Activity As shown in , urease activity in fun-
gus chaff-treated plots was significantly higher than in control plots across all
growth stages. Without fungus chaff, maize and sorghum soils showed urease
activity that increased initially then decreased, while waxy maize soils exhib-
ited continuously decreasing activity. With fungus chaff application, maize
and sorghum soils showed continuously decreasing urease activity, with a more
pronounced decline in maize than sorghum. Waxy maize soils showed overall
decreasing activity but reached maximum values at jointing (7.91 mg - g ') and
heading (7.65 mg - g!). Overall, fungus chaff treatments significantly elevated
urease activity, with the greatest increases observed in sorghum at jointing
(239%), waxy maize at heading (184%), and waxy maize at harvest (101%).

2.2.2 Effects on Soil Sucrase Activity Fungus chaff application increased
soil sucrase activity compared to control plots. Waxy maize soils showed su-
crase activity decreasing in the order: jointing > heading > harvest. Although
sorghum soils with fungus chaff had higher sucrase activity than controls, the
trend across growth stages was opposite, with the lowest increase (30%) at head-
ing. Maize soils exhibited relatively stable sucrase activity across growth stages,
with consistent increases of 38%, 28%, and 48%.

2.2.3 Effects on Soil Catalase Activity As shown in , fungus chaff ap-
plication enhanced catalase activity at jointing and heading stages for all three
crops. Without fungus chaff, catalase activity increased gradually across growth
stages. Both treatments showed similar activity at jointing and harvest, but sig-
nificant differences emerged at heading, where fungus chaff treatments were
substantially higher than controls, with a maximum increase of 40%.
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2.3 Effects of Vinegar Residue Fungus Chaff on Soil Microbial
Biomass Carbon and Nitrogen

Soil microbial biomass carbon serves as a sensitive indicator of soil organic
carbon, while microbial biomass nitrogen constitutes an important component
of soil nitrogen mineralization potential. Analysis of variance (P < 0.05) in
revealed that fungus chaff application increased soil microbial biomass carbon
by 58.10-407.67 mg + kg ! and biomass nitrogen by 11.98-27.55 mg - kg ! across
different growth stages of the three crops. Compared to controls, fungus chaff
application generally promoted microbial biomass carbon and nitrogen, with
significant increases in microbial biomass nitrogen for waxy maize at jointing and
heading. Microbial biomass nitrogen peaked at heading for all crops, indicating
the most pronounced effect of fungus chaff at this stage. Overall, microbial
biomass nitrogen was lowest at jointing, increased subsequently, and decreased
again at maturity. The substantial increase from jointing to heading aligned
with trends in actinomycete, bacterial, and fungal populations. This pattern
likely reflects increasing crop nutrient uptake as growth accelerated, causing
nitrogen fixed in microbial biomass to decrease while carbon exudation from
roots increased, promoting carbon fixation by microbes and resulting in overall
increasing microbial biomass carbon throughout the growth period.

Discussion and Conclusion

Fungus chaff contains abundant microorganisms that can alter microbial popu-
lations, potentially promoting beneficial bacteria while inhibiting harmful fungi,
thereby protecting soil health. As an organic fertilizer, it further decomposes
into humus, increasing soil organic matter content, improving soil fertility and
biological activity, and enhancing soil water-holding, nutrient retention, and
aeration properties. This study examined microbial populations, enzyme activi-
ties, and microbial biomass carbon and nitrogen in three crops following vinegar
residue fungus chaff application, providing insights into its effects on soil fertil-
ity and offering scientific evidence for mitigating environmental pollution from
edible fungus substrate waste.

Consistent with previous research, our results demonstrate that fungus chaff
application significantly influences soil microbial populations. Studies have re-
ported that fungus chaff application reduces fungal (harmful) populations while
increasing bacterial and actinomycete (beneficial) populations. Our findings
align with these results, showing that vinegar residue fungus chaff promoted
beneficial bacteria and actinomycetes while inhibiting harmful fungi. Bacterial
populations peaked during heading and maturity across all three crops, with
lower counts at jointing. This effect likely occurs because fungus chaff applica-
tion increases soil organic matter, available phosphorus, and available potassium,
providing abundant carbon and nitrogen sources for microbial growth while in-
troducing substantial exogenous microbial communities.

Actinomycete populations increased modestly at jointing and heading, then rose
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significantly at maturity, possibly due to improved nutrient availability from
fungus chaff decomposition that supported both crop growth and microbial
proliferation. Fungal populations remained low throughout the growth period,
with fungus chaff application further suppressing harmful fungal proliferation.

Soil enzymes originate from root exudates, decomposition of plant and animal
residues, and microbial metabolism. Previous research has demonstrated that
higher bacterial and actinomycete densities correlate with greater soil fertil-
ity. Significant enhancement of urease, sucrase, and catalase activities improves
soil microbial conditions. The observed increase in microbial biomass carbon
following fungus chaff application indicates its positive effect on carbon avail-
ability. Microbial biomass carbon, nitrogen, and soil respiration reflect soil
quality changes and serve as biological indicators of soil fertility. Fungus chaff
application enhanced soil biological activity, substantially increasing enzyme
activities and microbial populations while augmenting soil nitrogen and car-
bon content. These results demonstrate that vinegar residue fungus chaff, as a
nutrient-rich substrate, effectively improves the rhizosphere ecological environ-
ment and provides a theoretical reference for addressing edible fungus substrate
waste pollution.

Similar studies have reported that fungus chaff fertilizer increases urease, cata-
lase, and sucrase activities, with sucrase showing the most pronounced effect
(up to 96.52% increase). Our results corroborate these findings, showing that
fungus chaff application elevated all three enzyme activities above control levels
throughout the growth period. The most notable changes occurred at heading,
indicating that fungus chaff application increased microbial populations and en-
zyme activities, improved rhizosphere microbial structure, and enhanced soil
biochemical functions. Microbial biomass carbon reached maximum values at
crop maturity, while microbial biomass nitrogen reached minimum values, likely
because increased nitrogen demand during late growth stages caused crops to
absorb nitrogen previously immobilized in microbial biomass. Long-term fertil-
ization studies have similarly shown that fertilization treatments significantly
increase microbial biomass carbon, nitrogen, and populations compared to con-
trols. Our findings indicate that vinegar residue fungus chaff promotes microbial
proliferation, thereby increasing microbial biomass carbon and nitrogen, with
its beneficial effects intensifying as crops develop. At maturity, maximum mi-
crobial biomass carbon values were observed, while nitrogen values decreased,
presumably due to enhanced crop nitrogen uptake.

References

[1] Liao T, Wang Y Z, Qiu J, et al. Preliminary discussion on functional soy
sauce Koji prepared by adding residue from edible fungi cultivated with vinegar
spent grains[J]. China Condiment, 2015, 40(11): 10-13

[2] Yang Q W, Peng X G, Yang L E, et al. The utilisation of vinegar-waste[J].
Journal of Shanxi Agricultural Sciences, 2009, 37(2): 44-46

chinarxiv.org/items/chinaxiv-201711.01864 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01864

ChinaRxiv [$X]

[3] Grigatti M, Giorgioni M E, Ciavatta C. Compost-based growing media: In-
fluence on growth and nutrient use of bedding plants[J]. Bioresource Technology,
2007, 98(18): 3526-3534

[4] Zhou F. Utilization of fungus chaff in fertilizer[J]. Soils and Fertilizers,
1991(3): 42-43

[5] Li Z G, Luo Y M, Teng Y. Soil and Environmental Microbiology Research
Method[M]. Beijing: Science Press, 2008: 58

[6] Xiao N Q, Zhang Y Z, Tan Z J, et al. Study on the effect of rice-straw
returned to field on microbes and enzymes in paddy soil with tillage[J]. World
Sci-Tech R & D, 2008, 30(2): 149-152

[7] Xie F, Wei K L, Chen J J, et al. Effects of mushroom residue on soil mi-
croorganism amount and soil enzyme activity[J]. Hunan Agricultural Sciences,
2010(5): 54-58

[8] Ma X X, Wang L L, Li Q H. Effects of long-term fertilization on soil micro-
bial biomass carbon and nitrogen and enzyme activities during maize growing
season[J]. Acta Ecologica Sinica, 2012, 32(17): 5502-5511

[9] LiJ, Wen T C, Guo K L, et al. Effects of distiller’s grains bio-organic fertilizer
and microbial agent on microbial quantities and sorghum yield[J]. Research of
Agricultural Modernization, 2013, 34(4): 502-506

[10] Jia W, Zhou H P, Xie W Y, et al. Effects of long-term inorganic fertilizer
combined with organic manure on microbial biomass C, N and enzyme activity
in cinnamon soil[J]. Journal of Plant Nutrition and Fertilizer, 2008, 14(4): 700-
705

[11]] Ma N N, Li T L, Wu C C, et al. Effects of long-term fertilization on enzyme
activities and physicochemical properties of facility vegetable field[J]. Chinese
Journal of Applied Ecology, 2010, 21(7): 1766-1771

[12] Lu Y H, Yang Z P, Zeng S X, et al. Effects of long-term application of
chemical fertilizer, pig manure, and rice straw on chemical and biochemical
properties of reddish paddy soil[J]. Chinese Journal of Applied Ecology, 2010,
21(4): 921-929

[13] Li J, Zhao B Q, Li X Y, et al. Effects of long-term combined application of
organic and mineral fertilizers on soil microbiological properties and soil fertil-
ity[J]. Scientia Agricultura Sinica, 2008, 41(1): 144-152

[14] Ndayeyamiye A, Coté D. Effect of long-term pig slurry and solid cattle ma-
nure application on soil chemical and biological properties[J]. Canadian Journal
of Soil Science, 1989, 69(1): 39-47

[15] Nanda S K, Das P K, Behera B. Effects of continuous manuring on microbial
population, ammonification and CO evolution in a rice soil[J]. Oryza, 1998,
25(4): 413-416

chinarxiv.org/items/chinaxiv-201711.01864 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01864

ChinaRxiv [$X]

[16] Abbott L K, Murphy D V. Soil Biological Fertility[M]. Netherlands: Kluwer
Academic Publishers, 2003

[17] Shen Q R, Shi R H. The effect of soil pretreatment on the mineralization
of nitrogen deprived from different forms[J]. Journal of Nanjing Agricultural
University, 1991, 14(1): 54-58

[18] Ocio J A, Brookes P C, Jenkinson D S. Field incorporation of straw and
its effects on soil microbial biomass and soil inorganic[J]. Soil Biology and Bio-
chemistry, 1991, 23(2): 171-176

[19] Ren L, Zhang Y L, Huang Y, et al. Research on fungus chaffs impact on the
soil microbe flora in the greenhouse[J]. Chinese Journal of Soil Science, 2009,
40(3): 563-567

[20] Varma A, Oelmuller R. Advanced Techniques in Soil Microbiology[J]. Soil
Microbiology, 2007(11): 202-207

[21] Yao H Y, Huang C Y. Soil Microbial Ecology and the Experimental Tech-
niques[M]. Beijing: Agricultural Press, 2005

[22] Bao S D. Soil and Agricultural Chemistry Analysis[M]. Beijing: Agricultural
Press, 1981

[23] Lu R K. Soil and Agricultural Chemistry Analysis|[M]. Beijing: China Agri-
cultural Sciences Press, 2000

[24] Bao S D. Soil and Agricultural Chemistry Analysis[M]. 3rd ed. Beijing:
China Agricultural Press, 2000: 25-200

[25] Li Z P, Wu F Z, Yang W Q, et al. Soil invertase and urease activities at
different periods in subalpine forest gap in western Sichuan[J]. Acta Ecologica
Sinica, 2015, 35(12): 3919-3925

[26] Su L T, Shen X, Hao Y H, et al. Effects of organic materials on the growth
of Malus hupehensis var. Pingyiensis and its microecological environment under
replant[J]. Chinese Agricultural Science Bulletin, 2010, 26(20): 187-192

[27] Fan H K, Du Z H, Wu D Y, et al. Effects of fertilizer application on soil
and growth of the replanted apple in Weibei highland orchard[J]. Agricultural
Research in the Arid Areas, 2009, 27(1): 56-61

[28] Zhang L H, Li K, Hu X X, et al. Effect of organic materials on organic matter
content and enzyme activity in grape replant soil[J]. Northern Horticulture,
2015(3): 160-162

[29] Dai L L, Zhang H S, Xia Z R, et al. Effect of mushroom bran and vinegar
residue on secondary salinization soil[J]. Agricultural Research in the Arid Areas,
2014, 32(1): 218-222

[30] Guan Y H, Li Y R, Zhang S H. Research on the improvement effect of germ
bran from edible fungi culture on the soil in protected land[J]. Journal of Anhui
Agricultural Sciences, 2008, 36(5): 1955-1956

chinarxiv.org/items/chinaxiv-201711.01864 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01864

ChinaRxiv [$X]

[31] Wang T, Wang X J, Zhang J G, et al. Effects of different bacterial chaff
fertilizers on speciation of sewage irrigation pollution soil copper form and soil
enzyme activity[J]. Journal of Irrigation and Drainage, 2015, 34(10): 40-44

[32] Wu HY, Fan Z W, Sun T T, et al. Dynamics of microbial biomass car-
bon, nitrogen and microbial quantity in maize growth period under long-term
fertilization[J]. Journal of Maize Sciences, 2016, 24(2): 147-154

[33] Zang Y F, Hao M D, Zhang L Q, et al. Effects of wheat cultivation and
fertilization on soil microbial biomass carbon, soil microbial biomass nitrogen
and soil basal respiration in 26 years[J]. Acta Ecologica Sinica, 2015, 35(5):
1445-1451

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.01864 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01864

	Effects of Vinegar Residue Spent Mushroom Substrate on Soil Microorganisms and Enzyme Activities of Three Crops (Postprint)
	Abstract
	Full Text
	Preamble
	Abstract
	Introduction
	Materials and Methods
	1.1 Study Site Description
	1.2 Experimental Design
	1.3 Laboratory Analyses
	1.4 Statistical Analysis

	Results
	2.1 Effects of Vinegar Residue Fungus Chaff on Soil Microbial Populations
	2.2 Effects of Vinegar Residue Fungus Chaff on Soil Enzyme Activities
	2.3 Effects of Vinegar Residue Fungus Chaff on Soil Microbial Biomass Carbon and Nitrogen

	Discussion and Conclusion
	References


